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What i1s HCIl and why should we
learn about it?

1. A few incidents.... «
2. Consequences of bad user interfaces «

3. How can user interface designers determine whether
a user interface will cause problems for users?

4. What 1s HCI? «

=




A few incidents involving badly
designed user interfaces

. A
. A

orofessor loses half an hour «

orofessor and three staff lose two hours «

* Errors are made In presidential elections «

e An airliner gets shot down ¢ ¢ «

* A nuclear power plant gets out of control «


http://catless.ncl.ac.uk/Risks/7.48.html#subj3
http://catless.ncl.ac.uk/Risks/7.67.html#subj6

Comments
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More Proposal Preparation

Information

Merit Reviews:

Letter from the Applicants preparing proposals for the International Opportunities for Scientists and Engineers
s Program Announcement (NSF 96-14) should use the 'Proposal Preparation (New)' system. The

PI Tipsheet 'Proposal Preparation (New)' system contains the International Programs Cover Page Addendum

Instructions to
Prepare and Submit

a Standard Proposal Login far Pl ar Co-Pl Login for Other Authorized Users
How to Prepare a Last Name: | If wou are not Pl or Co-Pl, please enter the following in addition to Last Mame,
SBIR/STTR Phase ' Social Securityd and PIN.
II Proposal ; S
g'”.“'a' 5;;”’**'#' | (3 digits) Proposal 1D | (7 digits)
SBIR/STIR Phase Tag Ad
II Proposal Parts i o
mﬁs‘t; FIH: | (4 digits) Fropo=sal PIM: | (4 digits)
Frequenty Ashked -
Duestions m
About Proposal If wou do not know vehat your new PIM i or have other questions related to FastLane User Management contact wour Sponsared
Preparation Research Office or equivalent.



How can this problem be
prevented?

WebRoster Login

TCInetID: |kobsa

Password: uuuu{

Opton: [ TWebEopster — ]

Course ;

Code- |IC e

Quarter: | Spring 2000 = |

Login

S0rry..

Tou were able o login successfully, but you do not have permission to access the course roster for
the course (JCE2035) for the S pring 2000 quarter.
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Consequences of bad user
Interfaces

Bad interfaces may cause users to

* need more time for performing their tasks
 make more errors

o feel dissatisfied

* need more time for learning how to use the
software

 not learn/use the full functionality of the software
o (If given a choice:) refrain from using the
software



Good interface design therefore is important for any
kind of interactive software, and of utmost importance in

 systems with high costs of failure (e.g., nuclear
power plants, space mission control)

 systems with high demands on operators (e.g.,
rescue coordination centers, combat aircraft, call
centers)



How can user interface designers determine
whether a user interface (element) will cause
problems for users?

1. Analyze the interface using "common sense" (?)

. Intuitions can reveal some obvious omissions, confusing and
Inefficient interaction.

. Many flaws however are not "intuitively" recognizable, even with
experience in user interface design.

2. Develop a theory of "human cognitive processing", and use it
to predict problems that users will have with the interface

Was only successfull in limited areas so far.

3. Test the interface with users, and watch whether problems can
be observed or are reported by users



Tests with 5-8 users already reveal major problems
Generalize the findings from (3) and develop guidelines of what
should not be done

—+ "Usability Engineering"

O/ How can user interface designers determine whether a user interface
0 (element) will not cause problems for users?



What is Aim of Human-Computer Interaction?

Narrow definition:

The field of Human-Computer Interaction investigates how (single)
users can best interact with computers. Particular emphasis is put on

. Software aspects (as opposed to the input and output devices and
the physical workplace), and

. specifically on the layout and operation of the interface ("User
Interface Design", "Interface Engineering").

Broad definition:

The field of Human-Computer Interaction studies "the people side" in
the interaction with computers, including

. users” mental processes when interacting with computers
. work practices
. training Iissues



. management of computerized work processes
. collaboration in computerized workgroups

. social/organizational aspects

. health issues

—+ This course focusses on user interface design issues, due to

their importance and the availability of other ICS courses that focus
on other aspects of HCI.



Elements of HCI

. What are user interfaces? ¢

. Users are different, usage environments are different ¢
. Factors in HCl ¢

. Levels of analysis «

. Measurable human factors «

. Disciplines contributing to HCI «

~N OO o B~ W NP

. Integration of usability testing into the software development
process ¢ ¢

P €



What are user interfaces?

1. User interfaces help users interact with programs.
2. Users employ programs for performing their tasks.

—+ User interfaces help users interact with their tasks.

A user interface should not reflect the structure of the underlying
4 program, but the structure of the task domain and/or the task

solution process. Users should not interact with the computer,
but with their tasks.



Users are different

. Tasks

. Cognitive and perceptual abilities
. Personality differences

. Cultural differences

. Disabilities

. Age

Usage environments are different

. Physical work environments

. Hardware platforms



Factors in HCI

ORGANIZATIONAL FACTORS ‘ ENVIRONMENTAL FACTORS
training, job design, politics, noise, heating, lighting,
roles, work organization : ventilation
HEALTH cognitive processes and capabilities COMFORT
AND SAFETY FACTORS
CTO THE USER
= . motivation seating,
stress, : ' equipment
headaches, *“!";fm‘.’“t‘ layout
musculo-skeletal | satlsiacaom,
personality,

disorders : .
' experience level

USER INTERFACE

input devices, output displays, dialogue structures,
use of colour, icons, commands, graphics, natural language,
3-D, user support materials, multi-media

TASK FACTORS

easy, complex, novel,
task allocation, repetitive,
monitoring, skills, components

CONSTRAINTS

costs, timescales, budgets,
staff, equipment, building structure

SYSTEM FUNCTIONALITY
hardware, software, application

PRODUCTIVITY FACTORS

increase output, increase quality, decrease costs, decrease errors,
decrease labour requirements, decrease production time,
increase creative and innovative ideas leading to new products




Levels of Analysis in HCI

Levels of analysis in HCI

Level 3 Organizational
goal

Social /

system\
_________ —_— _— el
Level 2 Broader
| Work I‘--., Technical environment
| Immediate system
environment ./ |
|l -
Levell ;
I L People TﬂchnDng}F I

Figure 2.4 A model of HCI (adapted from Eason, 1991).



Central measurable human factors
for user Interface evaluation

. Speed of performance

How long does it take to carry out some tasks?

. Error/success rate

How many and what kind of errors do people make in carrying out the these tasks? How
many tasks were successfully completed?

. Time to learn

How long does it take for users to learn what actions are required to perform their tasks?

. Retention over time

How well do users maintain their knowledge and skills over given periods of time?

. Subjective satisfaction

How much did users like using verious aspects of the system?



Disciplines contributing to HCI

Cognitive
Psychology
& Ergonomicsg

Computer
Science

Social and
Organizationg
Psychology

Desigh &
Arts

Other contributing disciplines:

. Atrtificial intelligence
. Linguistics
. Ethnology



Requirements
analysis and
definition

System and
software design

Implementation .
and unit testing

m =

Integration and

system testing




Task analysis/
functional analym i

Prototyping e Evaluation

BRI e
fEEp i

Requirements
speclflcatmn

Conceptual design/

formal design

The star life cycle (adapted from Hix and Hartson, 1993).



Cognitive Elements of HCI

. Attentive vs. pre-attentive processing ¢+
. Gestaltlaws ¢ ¢ ¢ ¢

. Graphical coding «

. Recognition versus recall

. Mental models «

. Metaphors «

~N O o B~ W NP

. Affordances «

00)

. Fitts' law (see menu interaction)

9. Color vision (see color)


http://www.csc.ncsu.edu/faculty/healey/PP/PP.html
http://www.ics.uci.edu/~kobsa/courses/ICS104/course-notes/excessive-separation2.jpg

Preattentive Visual Properties (Healey 97)

. Length

. Width

. Size

. Curvature

. Number

. Terminators

. Intersection . Lighting direction
. Closure

. Colour

. Intensity

. Flicker

. Direction of motion
. Binocular lustre

. Stereoscopic depth
. 3-D depth cues



Gestalt Laws

Gestalt laws describe regularities of human perception (but do not
explain them!)

Proximity: objects that are close to each other tend to be seen as a
group ¢

Similarity: objects of the same shape or color are seen as belonging
together ¢

Closure: Missing parts of an object are filled in to complete it, so that
It appears as a whole. «

Continuity: lines tend to be seen as continuous, even Iif they are
Interrupted ¢ ¢ ¢

Symmetry: regions bounded by symmetrical borders tend to be
perceived as coherent figures «
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Example for the Application of Gestalt Laws

Please answer the following questions based solely on Gestalt laws,
the upper-case words in the leftmost box and the proper names in the

picture.

1. How many ballots are there?
2. Can George Bush and Art Olivier together be elected for president

and vice president?
3. Name all people who can be elected for president and vice

president.
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Comparison of coding methods (Maguire, 1987)

Coding method

Alphanumerics
Shapes
Color

Line angle
Line length
Line width
Line style

Object size
Brightness

Blink

Reverse video

Underlining

Combination of
codes

Maximum
number of
codes

Unlimited
10-20
4-11

8-11
3-4
2-3
5-9

3-5
2-4
2-4

No data
No data

Unlimited

Comments

Highly versatile. Meaning can be self-evident. Location time may be
longer than for graphic code.

Very effective if code matches object or operation represented

Attractive and efficient. Excessive use confusing. Limited value for the
color-blind.

Good in special cases, for example, wind direction.
Good. Can clutter display if many codes displayed.
Good
Good

Fair. Can take up considerable space. Location time longer than for shape
and color

Can be fatiguing, especially if screen contrast is poor

Good for getting attention but should be suppressible afterwards.
Annoying if overused. Limit to small fields.

Effective for making data stand out. If large area is in reverse video, flicker
IS more easily perceived.

Useful but can reduce text legibility.

Can reinforce coding but complex combinations can be confusing



Mental models

Mental models are representations of the function and/or structure of
objects in peoples' minds.

. may be incorrect or incomplete

. can be "executed"

. are analogical representations, or a combination of analogical and
propositional representations

. are dynamically constructed when required

Two main types:

. Functional models (good for everyday use)
. Structural models (good for breakdown situations; difficult to
acquire from usage experience only)

* Computer systems should be designed in such a way that users
can quickly acquire a good functional model of the system which is in
accordance with their task model.



Important interaction metaphors

Interface metaphors evoke an initial mental model in users of the
system's structure and operation. Metaphors should relate to
users' past experiences and should be consistent.

. (Typewriter metaphor):. Evoked easily due to physical
similarities. Should be avoided

. Desktop metaphor: Currently the predominant metaphor.

. Book metaphor: For hypertext, hypertext-like online
documentation.

. Filing cabinets: For online documentation, subdivisions in web
offerings, system settings.

. Office metaphor: For collections of documents
. Library metaphor: For large collections of documents

. Building metaphors, city metaphors, etc.: for virtual worlds
. Animated agent metaphor: for guidance and recommendation




. Composite metaphors
Combine 2 or more metaphors (like office, file cabinet and
desktop)

The learning and retention of a system's functionality is considerably
facilitated by meaningful and consistent metaphors. ¢
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City metaphor
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Today's lesson covers
chapters 2 and 4, Mikea,

ANSwWEr your Questions

Joan, I'd be happy to
about your coverage.

Buy my products!
Do my bidding!




To use the calculator: 1. Enter your zip code
2. Click on one of the three tabs (Home/Mobile Home Owner, Tenant, Condominium

Owner).
3. If prompted, input any additional information
NOTE: Do Not Press Enter after you input the zip code; it will reset the Calculator.

Carefully review the available earthquake coverages before you complete the premium calculation.

Home / Mobile Home Owner | Tenant Ceondarninium Owner

Zip Code: [



Affordances

"term that refers to the properties of objects -- what sorts of
operations and manipulations can be done to a particular object” (D.
A. Norman 1988, The Psychology of everyday things).

. A door affords opening
. A chair affords support

"perceived affordance": the extent to which objects suggest their
affordance.



(1)

(i)

D

Py e — =

e

_]
(i)
(b)

™o T = =
Ii

~ T —

(ii)

Figure 4.5 The affordance of objects (Gaver, 1991). (a) Door handles; (b) scroll bars
(© 1991, Association for Computing Machinery, Inc. reprinted by permission).



Input and Output Devices

1. Output devices «
2. Input devices ¢

3. Requirements for input and output devices ¢



Output devices

. Desk-bound displays (CRT, LCD, Plasma)

. Portable displays

. Displays in helmetse¢, eye glassese¢, projections onto retinae
. Wall-mounted displays (projectionse¢), whiteboardse

. Speech Audio
. Non-Speech Audio

. Force output

. Special output devices for people with disabilities
(Bralille display+#, speech, etc.)

. Olfactorial output «

+ Cater to variety of possible output devices



























Input devices

. Keyboards¢ (QUERTY, Dvorake+, chorde, numeric)
. Cursor keys

. mouse (1-3 keys)

. trackballs, trackpads, joystick, 3D-mouse+

. Touch screens

. Speech input

. "Graffiti"e, handwriting, gestures

. Data gloves++, data suits, 3D trackers
. Gaze

. Special input devices for people with disabilities
(e.g., foot mouse, head mouse+, lip readers, etc.)

+Cater to variety


http://www.cse.ogi.edu/%7Edylan/dvorak/DvorakIntl.html

(a) by

{c)

L e

(d) (e)

Figure 2.1 A range of keyboard layouts:

(a) neither function keys nor numeric keypad (Macintosh Plus)
(h) no function keys (Macintosh SE standard ke vhoard)

(¢) function keys and numeric keypad (IBM PC)

(d) function keys at left, cursor keypad

(e) function keys at rop
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Requirements for 1/O Devices

. Must match the physiological and psychological characteristics of

users, their training and their expertise
(consider age, impairments, and computer skills)

. Must be appropriate for the user's tasks

. Must be suitable for the intended work environment.



Interaction Styles and HCI
Guidelines

1. Interaction Styles ¢

2. Interaction style independent design principles ¢
3. Command interfaces ¢ ¢

4. Menu-based interfaces «

5. Direct-manipulative interaction ¢

6. Form Fills ¢_



Interaction styles

Command entry

Difficult to learn and to retain
Can be very efficient for trained users

—+ Recommended for frequent users only (and for work under time
pressure)

Menus

Easy to learn and to retain
Slows experienced users down

—+ Recommended for all users when complemented by menu
commands

Direct manipulation

Relatively easy to learn, easy to retain
Restricted in scope

-+ Recommended for all users when icons are labeled and when



direct manipulation is complemented by other interaction style(s)

(Form fill-in)

Limited in scope

(Natural-language interaction)
Technical limitations



Interaction-style independentdesign principles

. Strive for consistency (constancy is a special type)

» internal;
- external with metaphor, and other software
thereby conformity with user expectations

. Provide advance information <

. Provide immediate feedback ¢

. Permit easy reversal of actions (undo) «

. Prevent errors; offer help in case of errors ¢

. Reduce short-term memory load

. (Let the user be in control)

. Cater to user diversity; allow for personalization ¢

. Provide shortcuts for experienced users



. Provide online help «

. Provide learning aids ¢



Advance information

. Informs users about what is possible and what is not
. Informs users about what will happen

. glve users cues as to what action/input is correct

. Indicates forseeable inconveniences for the user

Aim: prevent users from performing actions that would lead to errors
or otherwise unexpected results.

Form: Advance information should be given through visual indicators
rather than text. ¢

Examples:

. Menu entries which currently cannot be selected should be
visually distinguished from entries that can be activated.

. Objects in direct-interactive interfaces that currently cannot be
accessed should be visually distinguished from objects that can
be activated.

. The shape of the mouse symbol should indicate the action that



will occur if the user clicks the mouse button. ¢

. Submenus should be shown when the mouse moves over the
superordinate items. «

. Required formats of keyboard entries should be indicated. ¢+ «

. Long duration of actions should be indicated, and users'
permission requested. ¢



Feedback

Any action of the user should lead to an immediate reaction of the
system (ideally after not later than 0.1 seconds)

Examples:

. Menu entries, object icons, etc. should become highlighted when
being touched by the cursor. «

. Selected items in menus should be marked.

. Path selection in navigation hierarchy should be visualized.

::: : ::: : ::@ http f wwew ios uei edud“kobsa foour zes foourzes hitm|

. Errors in user input should be reported immediately.

. System should inform the user about the status with status
Indicators (e.g., clock with rotating hands) ¢« and even better with
progress indicators (e.d., bar that progressivly indicates task
completion).



Trash=——H

Items remaining to be deleted: 407

— |

? Feedback can be visual, auditory and tactile.
(Users should be able to turn off auditory output).

2 System reactions should always have about the same latency.



UNDO

The UNDO function allows for the last user action(s) to be "undone".
The presence of an UNDO functions encourages users to explore the
functionality of a system.

Guidelines:

. Even when a general UNDO function is available, special UNDO
functions should nevertheless be preserved (such as delete left,
delete right, second click on selected menu items to undo the
selection).They can be activated more quickly and already
became a convention.

. If an UNDO function is available, everything should be undoable,
If possible

. It Is difficult for users to understand that some actions in a
program that have local effects only (like saving a document
to the harddisk, or overwriting a document) cannot be undone.



. [In contrast, users understand easily that actions that have
external effects (like sending an email message) cannot be
undone.]

. Multiple UNDOs should be possible

. UNDO of UNDO:

. Toggle UNDO: easy for beginners

. Linear sequence of UNDOs and REDOs



Error handling

Error avoidance
. Provide lots of +advance information

. Keep dangerous items/icons away from frequently used
commands.

. Warn users if actions

have irreversible
effects. RECIUESt The Trash contains 586 items, which use

. . . 129.1 MB of disk space. Are you sure you
Conﬂrmatlon (Wh|Ch want to remove these items permanently?
should not be the [Gance) [Cox )

default option).

. Options that increase safety should be "on" by default
(e.g., checkpoint files, UNDO).



. Errors should be recognized and reacted to as soon as
possible.

Error messages

. Should explain
. what the problem is
- what the user can do to solve the problem (at least by
examples)
. Should be formulated in terms of the users' task

. Should be polite; the word "unfortunately” should be avoided++

Program errors

. In the case of a program crash, give users the opportunity to save
their files, or save (checkpoint) files automatically.

. Allow users to abort programs, and to relaunch them.
. »



Guidelines for adaptable and adaptive menus

. Experienced users (and system administrators) should have the
possibiltiy to make changes to the menus, to cater to user needs
(= "adaptable menus"):

- Introduce/change shortcut codes

. hide/delete redundant menu items

- move/duplicate menu items into other menus
. create links between menus

. It does not seem advisable to allow for completely automatic
positional changes in menus, like re-ordering or hierarchical re-
positioning of menu items based on usage frequency (= "adaptive
menus")

- violates the constancy principle
- hegative experimental results by Shneiderman

. It seems o.k. to perform positional changes under the control of
the user.



NEEHESGRY | {2RT 0 oo

Example toolbar

Lee BE

¥ Adapive Suygestions

for 'TditMind' should replace E For “iewlluler'. Dugossted
for 'FieSave' should replace E for ewH uer'. Rewvize
for 'EditCopy' should b2 inzerted. Delerred

for 'ToolsSpelling' should be nzerted. Revice

g for WiewEoam' should beinzerted. Rewvite
DeleteBackword for 'DeleteB ack™w ord' shoudd be nzerted. Rewize

Recommendations for changes in a Word 97 "Personal Toolbar", based on usage frequency
(Spasovsky/Fink/Kobsa 1997)



Online Help

. Indispensible for beginners and occasional users, useful even for
experienced users.

. Should address the 6 most frequent user guestions:

"What is this for?"
"How can I...?"
"What happens if...?"
"Why is now...?"

> "Why is ... not...?"

» "Where am | now?"

. Should be availabe for all system functions in a consistent manner
(F1 key %, Alt-H, Ctrl-H, permanent help menu item, dedicated help key).

. If help is not available for one or more functions, this should be
pointed out.

. Users should know that help is available, and how.

. Help texts should be situation-sensitive and as concrete as
possible.

. Should be written in terms of users' task (preferably by technical
authors and not by the programmers).

. Should not be written in the style of the user manual, but rather

O O O O



offer short and concise information with lots of examples.

. Users should also be able to request help for options that are
currently not available. The help text should include an
explanation of their unavailability.

. Help windows should not hide the part of the computer screen
that is being explained. They should be movable.

. Users should be able to leave a help message quickly if it is not
relevant.

. Initial help texts should be short. More details upon request only.

. Initial work on user modeling and context recognition to supply
more relevant help.

—+ Give "implicit advice" through good interface design so that the
need for explicit help does not arise.



Learning aids

Guided Tours

. Should only explain the most important concepts
. Maximum duration: 20-30 minutes

. Users should be engaged (selections, quizzes,...)
. Users should be directly addressed

. Should give examples

. Numerous guidelines available

User Manuals

. Important source of information when everything else fails
. Should not be written by the programmers
. Numerous guidelines available



Command interface style
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Command interfaces

Advantages:

. Hands remain on the keyboard

. Fast input
. Powerful language constructs possible ("print filel file2 file3", wildcards, pipes, ...)

Disadvantages:

. Difficult to learn
. Difficult to retain

Guidelines:

. Use action-oriented command names that come in the first place, i.e. <command>
<argl> <arg2>...
(e.g., "move a b" rather than "a move b" or "location a b")

. Use congruent names for antagonistic commands (Carroll 1982)

. Use consistent order of arguments

. Specifiy direct object in first argument (Barnard et al., 1982)

. Allow natural/consistent abbreviations for command names
(e.g., "mv" for "move"; cf. Shneiderman 1998)

. Allow for variations in the syntax; tolerate spurious words (e.g., "mv a to b")

. Allow for the definition of aliases



. Provide command history

. Allow for the editing and re-entry of the last few commands
. If possible, allow multiple parameters and wildcards

. If possible, allow macro definition and programming



Menu-based interfaces

Overview «

Guidelines for menu items ¢

Guidelines for menu length and item order ¢
Guidelines for menu dynamics «

Guidelines for menu hierarchies «
Guidelines for graphical menus ¢

Guidelines for adaptable and adaptive menus ¢



Menu-based Interaction --
Overview

3 basic activities:

. Navigation (in menu hierarchy, information resource, etc.)
. Selection (of data, parameters, etc.)
. Activation (of programs, documents, etc.)

Selection made through mouse, number/character keys, function
keys, cursor keys plus return key, rotating cursor symbol plus return
key, touching on the screen, etc.

Special case: "analog" menus

Types of menus «

. Textual menus



. Graphical menus (icons) «
. Combination of text and graphics

. Linear menus
. Menus with spatial layout
A 4

. Static menus (e.g., menu bar)
. Pull-down menus
. Pop-up menus

. Isolated menus
. Connected menus (mostly hierarchical menus) ¢ ¢

. Ple menus+



Gulidelines for menu items

. The menu should have a short meaningful headline, preferably
centered, in upper/lower case; unneccessary
emphasis/embellishment should be avoided.

. Menus should show «

. the menu items that can be selected

- the menu items that currently cannot be selected
(deemphasized)

- the menu items that have already been selected

- the presence of submenus

If applicable: the code/key to select the menu item

If applicable: the shortcut that can be used to select the item,

In addition to the mouse

If applicable: short and polite instructions on how to select

items, formulated in terms of the user's task.

. Entries should be in upper/lower case; avoid unneccessary
emphasis/embellishment.

O

O

O



. The difference of each entry to all other entries must be very clear
(Schwartz & Norman, 1986).

. If the name of an item consists of more than one word, the most
significant word should come first.

. If letter codes are being used, the code should correspond to the
first letter of the first word. If this is not possible, numeric codes
should be used (Pellman, 1984) «.

. To achieve external consistency with earlier versions or
competitive products, menu items should be lexically identical
(least there won't be a transfer effect; Foltz et al., 1988). Addition
and ommission of menu entries is 0.k.

. In non-tabular menus, the error rate for items with text and icons
combined is 50% less than for mere textual items (Muter and
Mayson, 1986).

Example of poor menu design «
Example of better menu design ¢



Guidelines for menu length and item order in linear
menus

. For beginners, menus should be kept short. If item names are
longer than one word, menus should not contain more than 5-8
items.

. Longer menus are possible if items are grouped or have a natural
sequence (numbers, dates, etc.)

. Items should be grouped according to rules of the task domain,
and separated by whitespace or horizontal lines (Parkinson et al.,
1985).

. For beginners: menu items that will be frequently used by most
users should go to the top of the menu «

. If multiple selections are possible, then frequently-selected
combinations of items should be kept closely together (or
otherwise increased in size) ¢

. "Dangerous" items should not be collocated with frequently used
items.

. (As a final rule): use alphabetic, chronological or numerical order,
or group according to similarity of items (e.g., position "save as"



next to "save") ¢
. Possibly use pie menus, which are superior to pull-down menus
for beginners. ¢



Menu dynamics

. The menu item that is currently being touched by the cursor
symbol should be highlighted.

. Submenus of the currently touched menu item should be shown
(30% less search time and 50% less errors for beginning users,
Snowberry et al., 1985).¢

. Selected options in the menu should remain checked.

. It must be possible to leave the menu without selecting any item
(since users may have erronously launched the menu, or just
want to explore the system)

. Positional constancy in menu entries is important. If an item is not
available at the moment, it must nevertheless remain in the menu,
but should be made less prominent (e.g., grey color)

. Menus should be easily visible against all possible backgrounds. ¢



Guidelines for menu hierarchies

. Submenus of the currently touched menu item should be
automatically shown (30% less search time and 50% less errors
for beginning users, Snowberry et al., 1985). ¢

. Menus should not be deeply nested (2-3 levels only).

. The menu lenght should not exceed 3-12 items. Menus may be
longer if they are grouped or if items have a natural sequence.

. On the top level and particularly on the bottom ("leaf") level,
menus should be longer than in the middle of the hierarchy
(Norman & Chin, 1988).

. Longer menus are better when working under time pressure
(Wallace, 1988)

. The total number of different menus in a hierarchy should be low
(Norman 1991). If possible, combine two or more intermediate
menus into a single one and deactivate those menu items that do
not occur in the respective navigation path.

. All entries of the same level should fit on a screen (no scrolling
should be necessary).

. The hierarchy should be constructed thematically. Sometimes



menu hierarchies can be constructed based on which items are
frequently selected together.

. Constructing hierarchies top-down or bottom-up? (Chin, 1986):

- Top-down approach yields broader trees (more menu entries on the top level) and

deeper trees. The emphasis lies on the discrimination of the differences between
items.

- Bottom-up approach yields narrower trees with broad lowermost level. The
emphasis lies on the clustering of related items.

[] Use a combined approach.

. Consider menu shortcuts to deeper hierarchy levels.

. External consistency (with previous program versions or
competitive programs): changing the hierarchical position of menu

entries is 0.k., as long as lexical identity is preserved (Foltz et al.,
1988).



Guidelines for graphical menus «

. Menu items (= "icons") should be recognizable and
distinguishable within the normal viewing distance, under different
light conditions.

. Should be esthetically pleasing.

. Global properties (like form, color or size) are much more
Important than local properties (like details to increase likeness):

- Abstract icons become much faster selected than concrete
ICONS. ¢ ¢

- The selection speed for abstract items seems to be less
dependent on the number of icons than is the case for
concrete and textual items ("parallel search").

. Similar objects/functions should be assigned similar icons.

. Users should be able to easily understand the intended meaning
of icons, or at least be able to learn it quickly.

. The addition of textual labels makes it easier for beginning users
to learn, and for infrequent users to recognize, the graphical menu
items.



Direct-manipulative interaction
style

dth Floor &ppleShare |1 Audio CD 1 Macintosh HD
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Characteristics

. Graphical interface objects that represent task objects/functions,
or objects in the user” s work environment.

. Selection and manipulation of interface objects through pointing
device.

. One or more metaphors presented, of which most interface




objects form part.

. Operations on task objects is performed through "congruent"
operations on the interface objects.

. All options are normally available all the time.

Important design requirements

. Consistent metaphor(s)

. Immediate feedback

. lcons should be clearly distinguishible through overall shape and
color.

. The form of the interfaces objects (and the form of the mouse icon
when hoovering above interfaces objects) indicate the operations

that can be performed ("look and feel") ¢ ¢ ¢
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Macintosh
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M3 Windows Presentation Manager

| Open Enter | | Open Enter
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| Delete..  Del | Delete...  Delete
| Select All  Ctrl+/ | Select All__ Ctri+/

| Exit || Exit F3
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Figure 9.3 Various cursors



Form-fills

. Useful for entering large amounts of data
. Consist of tables and label/data fields «

Guidelines

. Switch at most once between tables and label/data fields.

. Left-align labels, data fields, and columns of tables. «

. Alphabetical listings should be arranged vertically, possibly In
several parallel columns. ¢

. Use meaningful labels

. If user enters data from a paper document, its layout should be
mirrored by the screen layout.

. Allow for a space of at least two characters between columns, and
one character between data and surrounding frame.

. Insert a blank line after about every fifth line of data. <

. Split long alphanumeric codes in groups of 2-4 characters.



. If a specific format of the user input is required, communicate this

to the user:
- Use underscores, periods etc. to indicate the exact or maximum input length. 4
» Units (like $, ft., mph) and separators (like "-", "/") should be part of the form.
- Use add-ons like "dd/mm/yy" or "(example: 12/ 8/59)".

. Mark fields where entry is required (e.g., by " ", "." or color), or
group such fields separately. ¢ Hitting the return or tab key should
bring the user to the next required entry field.

. Fill in data fields with default values or with the most recently
entered value.

. Enter field values automatically if they can be inferred from other
user input.

. Allow for abreviated entries which can be expanded by hitting a
single key (automatic expansion is difficult for beginners). If the
result is not unique, show available alternatives. «

. Automatically entered values should however never have

dangerous effects.

Example ¢



Field Organization

Our eyes naturally or culturally move from top to bottom, left to right. Place
fields to take advantage of this standard, and move the cursor accordingly. For
example, arrange related fields across the screen as in

I-Rnauur-nn: Tagki Duratlon (Daye)s _

or down it, as in

ABaoUroE;

Tagk: _

Duratlon (Dayajs _
T m——————— e 1

but not in a zigzag pattern:

hegourcer __ Tasks
Duraticn (Days)t

Use columns for repetitive information, since they complement natural eye
movement. Note how part number, quantity, price, and extended price flow
from left to right in

PAET 10 Gy FRICE EXTEHDED

[2) =
(3] =

(%) E —_—

| iy e 0 —gwe e
S e —
rather than
{1y (2) (3 EY] (8%
PR et e e et
QTY e < = == T
PRICE L

EXTEHDED




PRICE

EXTENDED

An exception occurs with paired groups of fields. For instance, if your applica-
tion has “sold to” and “ship to” address information, arrange the ficlds as

Mama
Addirls
Addr2:

cieyi

20LD TO

2ip:

EHIF T
Hanms
Addcia
Addrd «
City: _—
| zip:




Name:

Title:

Rank:

Name:

Title:

Rank:

Telephone number:

Name:............

Title: .............

Rank:.............

Telephone number:
Name:

Title:

Rank:

Telephone number:




Adrian

Agrippa

Basil
Beverly

Caine
Cary

Adrian
Beverly

Charles

Douglas
Fatima
Hanna

Organize lists vertically like this:

Charlgzs
Glenda
Dana

Douglas

Edith

Eliot
Rather than horizontally like this:

~ Agrippa

Caine
Glenda
Edith
Florence
Henry

Fatima
Florence
Gordon
Hanna
Henry
Hope

Basil
Cary
Dana
Eliot
Gordon
Hope



Poor:

MName: I Majm‘L J Year: Status:
1D: Co-op Track:

Mumber  Tile Section Sequence

Improved:

STUDENT REGISTRATION

STUDENT
Name: +*Major: Year:

11 | Track: Status:

|

COURSES
Number *Title Section __ Sequence







£ 1/1/89 JONAH'S FISHING EXPEDITIONS SCREEN N

11:1% am NEW EMPLOYEE ENTRY 1 oF 2
REQUIRED DATA '
EMPLQYEE'RGt li.ia';ili 55“3 }4-"-g'¢;q-

. EMFLOgEE ﬂﬁﬁﬁ: 11o'olotlut#ttoﬁncaqaifinxnniiuf
AbDREgsl: f‘!i*l;"f#ii#ii*if*iiittb+biib-

ﬁﬁnﬂsssz% 0...&Q!‘-I&"“l’iif-i;ﬂtlﬁilF'I'II'G
GITYI stltosdbouattb-.po. ST: . a ZIF.‘: LR L LT

ﬁI?ISEON Coder ... dapt ﬂﬁd&: . e
gsection coder ....

OPTIONAL DATA T

SEX {M/F)t . BIRTHDATE (MM/DD/YY}: ../..7..

SALARY GRADE: ... | '
MG‘NT HLE EAL%Y = $ * B & & & F & .‘

\_ Fi-Help F3-Add Employee PgDn-Denefit Plans Esc-Cancel S

~F igure 4-12. Using dots to indicate field length,

Optional Data: _
SEX {M/F): . BIRTHDATE {MM/DD/YYI: o/ /s

SALARY GRADE: ...
MONTHEY SALARY: § ....0.00

Fi-Help F2Z-Next Screen FP3-Add Employee Esc-Cancel '

Figure 4-13. Using dots with numeric data.



- 2 R s e TR E AT
DR = R T T T gy T T TRy T AT

e JONRH'S PISHING EXPEDITIONS
$2i:1% am MEW EMPLOVEE ENTRY

REGQUIRED DATA:

EMPLOYEE Mi:
EMPLOYER "MNANME:
APDRESEL
ADDRESSE !
CITY:
PIVISION CODE: DEPY CODE:
SECTION COPE:

OPTIONAL DATA:
SEX (M-F3: i

SALARY GRADE:
HUNMTHI.Y SALARY:

BIRTHPATE (MM-DP-¥Y): BY T -TR

\M_Fimﬁalp'FEQQdd Emplogme PgDhn-Benef it Plans ESﬁWﬁEHCﬂl'

Figure 4-14. Using colors to indicate field length.

.
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p

7183 JOHAH'S FISHING EXPEDITIONS SCREEN
11:15 am HEW EHMFLOYEE ENTRY 1 OF 2

EMPLOYEE MO: 00000000 35H:. 000-00-0000
ERFLOYEE HARE: T

= I T R ek

ADDRESSY: ¥___
ADDRESSZ

"CITY: 7 ol T ZIF: 00000
SEX (HsF): _ BIRTHDATE (HH-DDsYY): _.»  ~_

DIVISION CODE: @90  DEPT CODE: 0000
SECTION CODE: Q000

SALARY GRADE: ___
HONTHLY SALARY: § .

Fi-Help F2-Hext Screen F3-Add Employee Esc-Cancel

Figure 4-9. Filling fields to show required entries.

-

T-1-89 JOHAH' S FISHING EXPEDITIONS SCREEH
11:15 am HEW EHFLOYEE ENTRY 1 0F 2

REQUIRED DATA: -

EHMPLOYEE HO: S3H: -
ERPLOYEE HAHE:
ADDRESSL:
ADDRESSZE:
CITY: 5T1: ZIP:

DIVISION CODE: ___  DEPT CODE: ____
SECTIDH CODE:

OPTIONAL DATA:
SEX (HF): _ BIRTHDATE (HHADDAYYD: o v

SALARY GRADE:
HOHTHLY SALARY:

- S

Fl-Help FZ-Hext Screen  FI-Add Employer  Ezc—-Cancel




l\ Fl-Help FZ-Hext Screem  FO-Add Employes  Ezsc—Cancel _)

Figure 4-11. Separating required data from optional data.



(,EIIS‘IEII VIDEOLAND RENTALS 12:44 pm )
UPDATE VIDEO INVENTORY

VIDEOTAFE NO:
MOVIE TITLE: Cas

QTY:

\Fl-Help Fi-Update Quantity Esc-Cancel J)

Figured4-18. Finding an entry when the complete title
is not knowit.

(5/9/91 VIDEOLAND RENTALS 12:44 pm )
UPDATE VIDEO INVENTORY

VIDEQTAPE MO: 4032
MOVIE TITLE: Casablanca

QTY: 2



QTY: 2

Enter guantity or press <PgDn> for next title e

kk Fl-Help F3-Update Quantity EacwCancal_Jj

Figure 4-19. Showing the first record matching user input.

(9/9/91 VIDEOLAND RENTALS 12144 pm )

UPDATE VIDEO IHVENTORY

VIDEQTAPE HNO:
MOVIE TITLE: Cas

—r

Cagablanca
Casino Royale

Cast a Giant Shadow
Castle Keep

Enter quantity or press <PgDn> for next title {4

\ Fl-Help Fi-Update Quantity Esc-Cancel /

Frorre 4200 Panrn window chowine naceihle chaolfrec




(s 12:13:14 pm
Hame:
Addl:
Add2 :
Clty:
Bt
Zips
Codel: ___ Codel:
 call Date: _
Enrollmant Date:
mpplication Sent:z”
Phone 1:
K_ Phone 2:

N

v

Figure 3-14. Initial screen design for Famous Surgeons’

Mailing List Program.

Desired Enrollment: / J = MH/DD/YY

Application Sent: /¥

g

Medical Exparience :H#H]% -

Payment Method (C)ash (I)nstallment: _

ktrltualp F10:Add student

rf_ FAMOUS SURGEONS' CORRESPORDEHCE SCHOOL _H\
STUDENT ADD SCREEN
Last Hamao: Firats
hddresas 1t: )
Mddress 21:
city: Sty__ Zip:
Fhone: Primary: { |
Emergencys: (__ )y _ -
Inguiry: __/__/ Use

Esc:Cancel 12:13 pm JJ

Figure 4-25. Revised screen design for Famous Surgeons’

Mailing List Program.

FAMOUS SURGEONS’ CORRESPONDENCE SCHOOL ﬂ\

STUDEWT ADRD SCREEM
Hame i R
Address 11
hddress 2
City: Bbi__
Fhone ¢ Primary:
Emergency:

z2ipt

Ingquiry Date:

Desired Enrollment Date:
Application Sent:

sMedical Experience [Y¥/H): _
Payment Method: _

Fl0:Add Student Esc:Cancel

Fl:Help

12:13 pm

Figure 3-15. Improved screen design for Famous Surgeons’

Mailing List Program.

—

STUDENT ADD SCREEN

FAMOUS BURGEQOHS' CORRESPONDEHCE SCHOOL N

Last Hame: First:

hddress 1l:

Address 21

City:
Fhone:

Primary: [
Emergencys: |

DATES (MM/DD/YY)

Inguiry:

Desired Enrollment: Y
hpplication Sent: _ /_ /__
Medical Experience (¥/Wjr _

T O e
i/

FlO:1Add Btudent EsciCancel

\_ FliHelp

_sti__ zips

Payment Method (C)ash (I)nstallment: _

12:13 pm /

Figure 4-26. Alternative screen design for Famous

Surgeons’ Mailing List Program.



Selected elements of screen
designs

1. General screen layout «

2. Interaction-style independent design principles «
3. Text ¢+

4. Color ¢

5. Windows «






Guidelines for general screen layout

. The layout should reflect the structure of the task or the task
solution process, and not the structure of the underlying program.

. All information that is necessary to solve a coherent sub-task
should be visible on the same screen.

. The screen should not contain information that is never relevant
for the user.

. The screen should contain a minimum of 60% (and ideally 85%)
whitespace.+

. The upper and the lower half of the screen should roughly contain
the same amount of whitespace.

. The screen layout should be more or less vertically symmetric.+

. All information that belongs together should be grouped together
In clearly visually separated unit that is always presented at the

same place.

- Proximity/distance is mostly good enough for grouping;
- 1f not, use lines, differently colored background, or boxes.

. Users should be able to enter and correct data in arbitrary order.



. If connecting screens have to be used,

» the same headlines should be used
- Information units needed in two or more screens should be presented on
allscreens, at the same location.

. Users should always be able to find information on

- how to get to the previous screen
- optional: how to exit the subtask or the whole program
- how to obtain help

. Unnecessary colors and embellishments should be avoided.
. Emphasis should only be used if really necessary, and only with
necessary prominence:

> low: different font, underlining, upper case, spacing out
- medium: different size, color or density, inverse video, framing
> high: blinking, acoustic signals

Special screen areas

Title line
. centered in the upper part of the screen

. separated by whitespace
. possibly marked out by larger font, bold face, inverse

Lowermost screen part:



. Good place for status information

. explanation of available secondary menu options (help, exit, special function keys)

. dynamic explanation of items that are touched by the mouse symbol

. warnings and error messages (possibly with an acoustic signal that can optionally be

turned off)

LOQOSZ should go into the left or right upper corner
Clocks: should not show seconds and should not tick

Example ¢



Univers

This illustration shows
different typographic
styles. Type style is an
important design
consideration and helps
give an overall look to the
document.

Bookman

This illustration shows
different typographic
styles. Type style is an
important design
consideration and helps
give an overall look Lo the
document.

Courier

This illustration
shows different
tyvpographic styles.
Tyvpe style is an
important design
consideration and
helps give an overall
look to the document.

Futura
This illustration shows different
wooaranhic shdes Tvoe shyvle

Garamond

This illustration shows different
typographic styles. Type style is
an important design consideration
and helps give an overall look
the document.

Helvetica

This illustration shows
different typographic styles.
Type style is an important
design consideration and
helps give an overall look to
the document.

Palatino

This illustration shows
different typographic styles.
Type style is an important
design consideration and
helps give an overall look to
the document.

Times
This illustration shows different
tvpoeranhic stvles, Tvpe stvle 15



Text

. Text in upper/lower case will be read about 12% faster than text in
upper case only (Rehe, 1974).

. Serif fonts are more easily readable than sans serif fonts.

. Proportional fonts are more easily readible than fixed-width fonts.

. Do not use more than 1-3 different fonts and 1-3 different font
sizes.

. Lines should not be longer than 40 characters.

. 1 1/2 spaced text can be read 10% faster than single-spaced text.

. Justified text has no advantages over left-aligned text. If lines are
short, the reading speed of justified text is 12% shorter due to the
larger spacing between words.

. Information units, particularly in help and error messages, should
not be longer than 12-14 lines (plus possibly a figure). Use
"more..." links for more detailed information.

. Emphasis should not be used very frequently.



Color

o H W N P

o

e

e

Ines

Ines

. Human vision «

DaSeC

DaSeC

. Color perceptions depend on context «
. Colors have different cultural associations «
. Guic

. GuUic

on physiology «

on user satisfaction

and designers' experience ¢+ ¢ ¢

. More guidelines... «

. Recommended usages for color «



Windows

Very useful interface objects for

. distinguishing between different applications
. within an application, for distinguishing different types of
Information that is being conveyed to the user or reqguested from

the user
. for interrupting users with warnings and confirmation requests

Guidelines:

. While tiled windows are more easy for beginners to understand
and manipulate, overlapping windows are far more flexible.
. It is important to signal to the user which window is on top and

which window is below.
- Partial occlusion already does a good job in this respect (text in windows should be
surrounded by whitespace that is at least one character broad).
- Additional support through 3D effects (e.g., slanted edges, brighter and darker
sides, shadows, delayed expansion and shrinking)



HCI for special applications

1. Hypermedia ¢
2. Virtual reality applications «
3. CSCW systems «

4. Handheld devices «



“ahoo! - My rahoo! Options - Sign In - Help
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Apply Mow - 0% INTHRO VISA
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4:00
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Find I 6:00 .00 pmo.00 pm OPEN SLOT #4 /01"

Advanced Search 700
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Show Help Bar

Show Position Bars
Show Clock

Satup Delault Cursors -
Setup System . Devices -
Satlup Task Description Selup File Dewice -
Setup Key Dafinitions e File Device Select

2

Setup Default Directory
Selup Image Editing Tool

E_m't_ fhis menu

Setup Printer Device |

Setup Communication
Setup Monitor Devicd
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D52 :
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Lipdating an index will take some time.

You can schedule a time when you’re away Trom Your
computer to autarmatical ly create or update an index.

[ 5chedule I | Eﬂncell |Ll|:u:latel




N@i
3P,
Close

Save As...
Page Setup...
Print...

___[l_l.lil

vPlain Tent %P |
Bold B
fiafic gt |
Underline  &U
Dlujtilliine €0
Shadomm %S
Superscript 3tH
Subscript kL
® Point
10 Point

viZ Polni
14} PEimT
16 Poioi
24} E’m_l;l@_l_

Insert Ruler
Show Rulers
Open Header
Open footer
Remove Headers
Display Footers

Use Ruler

Set Page #...
Insert Page Break
+Title Page

Align Left JEN

Align Center 3&M

Align Right kR

Justify &
&0




Hertz Gold
Please Wait.

Hertz #1 Club Gold®
Enroliment Agreement
& Terms & Conditions

Now Loading...

This may take several minutes.



TABLE 8-3 Examples of Poor and Improved Error Messages

Foor Error Messaqge

ERROR 56 OPENING
FILE.

JOB ABORTED! FILENAME
ILLEGAL.

WRONG CHOICE.

YOoUu IDIOT, YOU MADE It STURPID
MISTAKE ON CARD # 2. YOU
PUNCHED 211 INSTEAD OQF 112.

THE LOCK MANAGER CANNOT
PROCESS YOUR REQUEST NOW.
PLEASE RETYPE YOUR REQUEST
AFTER €& pm.

RETYPE THE NCDE NAME AS

SPECIFIED IN THE NETWORK
MAP.

LOCKED FILE.

Improved Error Message

The filename you typed
cannot be found. Press FZ
to list walid names.

Retype filename. For
example, REFPORT.DOC

Type an option from the
menu.

Card # 2 contains a 211 when
112 was expected.

Print requests of more than
50 pages cannot be run be-
fore & pm. Reenter your

request at that time.

Retype the node name as
either SI0]l or SI0Z.

The file you requested, RE-
FPORT.DOC, 1s locked. Before
vou regquest the file again,



The file "Chapter 8" couldn't be
written and was skipped (disk
erraor).

Figure 13.13  Error; file write foilure

Not enough memory to complete
operation.

Figure 13,15 Error: insufficient memory

Session too compled. Please
close a window.

Figure 13.14 Error: foo many documents are open

e
e

There isn't enough room on the disk to
duplicate or copy the selected items
(additional 17,408 bytes needed).

Figure 13.12 Error: disk is full



Alamo

" business travel programs " travel tools about alamo sitemap " contact us help

rates & reservations | locations cars hot deals

tell us about your trip «required Fieids
: . Country of Residence? *
Location Guide

| United States + |

-

Pickup / Dropoff Location

Crfer ame ONLY: ofty, state, county or 2 Hetter aipont code forexamale, Fort Lagdedale or Flonda or
Meighborhood Locations Lirited Stabtes or FLL)

Leatiane sulsils Ys LS L The pickup location ‘Irvine, CA' could not be found. Please enter another pickup
location. if you need help finding an Alamo location, click in the pickup location field and
then use the Location guide that appears to the left of the screen.

Fickup Location *

[Irvine, CA |

Fickup Date = FPickup Time =
|ocT-20m 4] 21 %] | 1:00PM | &

-

US Ajrport and Mear Airport Locations




1999 Randy Glasbergen. www.glasbergen.com

"It's the latest innovation in office safety.
When your computer crashes, an air bag is activated
s0 you won't bang your head in frustration."






MENU OF SERVICES <MENU> 1 Basic

1 Today From The Source <TODAY? { » 10 REM MYFROG
2 NHews, Weather and Sports <NEWS - 1 s20DIM X(10)

3 Buginess and Investing «BUSINESS» » 30 FOR I=1 TO 10
4 Communication Services <COMM: » 40 X{I)=I

5 Personel Computing «PC» 4 *SONEXTI

& Travel Services <TRAVEL» 1 60 END

7 Shopping, Games and Leisure <HOME> .

B Member Informeation <INEQ» #*FREE®#

= Enter item number, <H:elp or druit:

J1-8 Edit Uiew Special

C

Figure 1.1. Examples of the current variety of menu selection types. Portions
of menus from (a) The Source™ time-sharing network, (b) a Basic interpreter
on the IBM-PC, (c) the Macintosh™ Finder menu, and (d) the MacPaint® tool

palette.
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Action Brush Color
T e Black
ﬁﬁg“W%%%%%%% ac

Type & Red

Graph S Green

Action Size Face
"Draw 3 pt Normal

Type | 107pt Bold

Graph 12 pt Italics

Action | Type .| AXes

Draw Bar Grid

Type Line Tics
HW%%%@'WW’&R@%‘%%

A simple set of cycling softkeys with commands and parameters



Pop-up ple menu

Style

Fill

Pull-down pie menu



Number
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Compatible Incompatible

Figure 6.12. Response selection time as a function of the response-option
compatibility.



Example of poorly designed menu

*MENU

A PROJECT ADDITION

B PROJECT INFO UPDATE
C DELETE RECORD

D PROJECT INFO DISPLAY
E REPORT

F REPORT CHANGES

KEY:




Improved design

Update project descriptions

Options:

Add project
Update project
Display project
Delete project

W e

5. Project report
6. Changes over previous
report

7. Return to previous meni

Please enter selection by




pressing key 1 - 7. _

(Type H for help)




Selection time for menu 1items

The time necessary to select an item | from a menu of length n is
composed of the search time S plus

. In the case of selection via a keyboard code: the time necessary

to press the key(s);
. In the case of selection with a pointing time: the positioning time
P, plus the activation time (e.g. the mouse click).

1. Search time S
1.1 Beginning users:

. If the label of the item is unknown, all items must be inspected at
least once. S is therefore proportional to n.
. If the label of the item is known, there are three possible search

strategies ¢
(1) Serial inspection
(2) Random inspection without repeat (implausible)



(3) Random inspection with repeat

In all three cases, S is proportional to n. In case (3), both the
expected means and the variance is higher than in (2) and (1).

1.2 Advanced users:

Advanced users remember the approximate position of frequently
used items fairly well. The search time S then is nearly constant (i.e.,
Independent of n). ¢

[1 The length of a menu influences the search time only when the
user is a beginner.



Start

DE
f G

Serial Inspection Random Random
Without Replacement With Replacement

Figure 4.3. Three models of visual search of menu lists.



Number of Targets

Response Time

Number of Targets

Figure 4.5. Idealized response times of unpracticed subjects (top panel) and
highly practiced subjects (bottom panel) in a visual scan task as a function of
the number of targets.



2. Positioning time P

log,(2D/W)

Fittslaw: P=C, + C, log, (2D / W)
Some authors: ...+ C; log,(C,/W)

P = Positioning time

D = Distance between Cursor and Object

W= Size of the Object

C, = Constants depending on pointing
device
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Condition CC CR
Categorized Lists with

Similarity|| Alphabetic||Random
Ordering || Ordering || Ordering |

Figure 6.3. Response time as a function of type of organization for explicit
targets and for definitions.



One ¢
you wvant i
Hﬁngspmul
conzsider th
you, Geta
Then outlir

[ Control MStgla Format

Undo
Insert
Append
Move
Delete
Find

Ll:int: in remodeling your home iz knowing what
der the utilitarian aspects. Do you need more
rent layout of the house satisfactory? Then
Vhat aspects of interior design are pleasing to
Fl;al if you could do anything that you wanted.

that you would settle for.

( Enntrul_m

Undo- ca
insert- g
Append-

Move-
Ileletn-n]

Find- loc

Style Format

Undo
Insert
Append
Move
Delete
Find

st command an goes to pravious state
location of cursor

end of file

ted text to the location of cursor

cted texnt




= Fwis =™ e e T

Find- loc| Find

interior design are pleasing to
Find: | house (III{) dé!l::t?lﬁl:ig that you wanted.

- F.

T h i Rl | |

Figure 6.1. Figure-ground segmentation of the screen display. (Top panel:
Good figure-ground distinction. Middle Panel: Moderate distinction with figure
over figure. Bottom Panel: Poor distinction with figure over distracting figure.)
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Figure 6.9. Word command menu, distinctive/abstract icon menu, and representional icon menu used by Arend, Muthig, and
Wandmacher (1987).



Word Commands
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Figure 6.10. Mean response times to word commands, distinctive icons, and
representational icons as a function of menu size.




/F NEW STUDENT ENROLLMENT -1\_
COLLEGE OF MERGERS, ACQUISITIONS, AND YUPPIE LIFESTYLES
Student Hame:

Address: .
City: St: __ 2ip:
Subjects: Major Code: ____ Minor Code: __
- Semester Enrolling: __ Maximum Course Load:
Fee Paid: f__f Payment Amount: .

Last Bill Sent: /__/__ Outstanding Balance: .
Application Received: [ ./ Evaluation: i
Advisor Name: Phonat -

Undergraduate Degree: School: i
Year Graduated: Major Code: . Minor Code: _

GPA: _.___ Transcript on File? (Y/N) _

\fﬂ-Hdlp F3-Add Student Esc-Cancel PgDn-MNext Screen _,}

Figure 3-4. Screen witlh poorly used whitespace.

“\‘

4 NEW STUDENT ENROLLMENT
COLLEGE OF MERGERS, ACQUISITIONS, AND YUPPIE LIFESTYLES

Student Wame:

Address: . -
City: s R 7

e 8 0§ E O . B I add . omes Mool om o
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Subjects: Major Code: Minor Code:
Semester Enrolling: Maximum Course Load:
Fee Paid: ;o Payment Amount:

Last Bill Sent: / / Outstanding Balance:

Application Received: __/__ /. Evaluation: __/_/

Advisor Name: Phone: -
Undergraduate Degree: School:
Year Graduated: Major Code: Minor Code: __

GPA: _.__ Transcript on File? (Y/N) _

l\:r"l—t-leil];n F3-Add Student Esc-Cancel PgDn-Next Screen

/

Figure 3-5.. Screen with better use of whitespace.
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Human Vision

Human visual field: about 180 degrees of arce
Fovea(area of highest resolution): about 2 degrees of

alC+
/5% of the human visual operations are related to

the fovea. «

Light reception takes place in the retinas, which
contains 2 types of photoreceptors:

Cones Rods
Mediated visual impression colors degrees of brightness (b/w)
Distribution over retina fovea only not in the fovea
Sensitivity for brightness low high

Three types of cones:+


http://www.ics.uci.edu/~kobsa/courses/ICS104/course-notes/retina.mpg

. red-sensitive: 64%, high concentration in fovea area

. green-sensitive: 32%, high concentration in fovea area

. blue-sensitive: 2%, evenly distributed over retina; none Iin the
center of the fovea.
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What we know about the Eye

vitreous

Xerox Palo Alto Research Center X
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Different color associations

Hong Kong Chinese (N=784) Americans

Concept Color % Color %

Safe Green 62.2 Green 61.4

Cod  White 715 Blue 961
Caution Yellow 44.1 Yellow 81.1

Go Green 447 Green 99.2

On Green 22.3 Red 50.4

Hot Red 31.1 Red 94.5
Danger Red 64.7 Red 89.8

off  Black 535  Blue 315
Stop  Red 485  Red 100

Courtney (1986), Bergum and Bergum (1981)
Choice of 8 different colors



Implications from the physiology of the eye

. Do not use blue for small objects (since human sensitivity
for blue is very low, particularly in the fovea)

. Blue is a good background color (since human sensitivity
for blue is very low and since receptors for blue are roughly
evenly distributed over the retina)

. Neighboring objects should not merely differ by their
amount of blue. a a a (red, red with 50% blue, red with 100% blue)

. If red and green are used for small objects, these
should be In the center (since the sensitivity for these colors
Is far higher in the center).

. If red and green are used as signals (warnings) in
the periphery, they should have additional emphasis
(like blinking or change In size). ¢« «

. Black, white, yellow and blue can be used in the



periphery since the sensitivity of the retina is roughly
the same.
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Getting Started UCINetlD:  [nobody

Toolbox . . . .
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Table 3-2. -Ratings for Color Combinations

Background Good Poor
Foreground Cholces Foreground Cholces

black bright cyan, bright white, blue, brown,
cyan, green, white, magenta
yellow

blue bright white, black, bright red,
white, yellow brown, magenta,

red

brown black, white, bright blue,

yelow bright magentia,
magenta, red

cyan black, blue, bright green, bright red,
bright white, brown, bright magenta, green,
yellow red, white

green black, bright whils, bright red, cyan,
white, yellow magenta

magenta bright magenta, bright white, blue, bright blue,
white, yellow green, red

red black, bright cyan, blue, bright blue,
bright magenta, brown, magenta
bright red, bright white,
green, white, yellow

white black, blua, bright blue, cyan, bright cyan,

bright white, brown,
magenta, red,
yellow

bright magenta,
bright red, green



Table 3-1. Uses for 16 Colors Available on PC Monitors
Color Use
Black Best for background; acceptable for text in reverse video (black text
on a white background) when used in a limited area
Blue A soothing background color; next to black, the best color to use for

'Et[ght Blue

Bright Cyan
Bright Green
Bright Magenta
Erlgﬁt Red

Bright White

Brown

Cyan

Gray

Green

backgrounds; poor cholce for foreground (text) color, however,

Usually too bright to re"ad: use cyan instead as the text (foreground)
color for contrast.

lUse only when contrasting with normal cyan.
Usually too bright to read; more difficult to read than other bright colors.
Difficult to read; avoid it.

Monitors do not usually display this color accurately, making it
extremely difficult to read. For warnings, use regular red.

Good choice for text, especially for contrast.

Almostalways looks muddy, and is difficult to read. On some monitors,
brown actually appears as red, and thus brown text may be mistaken
for a serious arror message.

This blue-green shade provides good contrast with blue backgrounds,
and thus makes an excellent border color or background for data entry
fields. It can also be used for text, such as the file name in a word
processor or date and time in a heading.

Difficult to display accurately (usually appears as black). Best to avoid
it.

Mostly closely associated with go, so use it for continue messages
(Press any key to continue). Also good as a border color. Use a green

| T N b a1



oL i

Magenta

Red

White

Yellow

ikially Wivatly doosiluidlocid Weilll LU, ol Uoat IL Il LLUNInius Illceod e
(Press any key to continue). Also good as a border color. Use a green
background with white text or green text on a black background.

Avold when possible; text is difficult to read in this color. It may be
acceptable if used in a warning message or to indicate unusual
situations (negative numbers in a report); magenta text appears best
against a white or gray background.

Use for wamings or severe error messages, or for messages that
require the user to stop (such as the WAIT message when a
spreadsheet is recalculating).

Useful for text, especially when bright white indicates boldness.

An excellent choice for text, especially when you need contrast. Also
good for titles, headings, and borders.
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ProcraMMING THE USER INTERFACE

Best Color Combinations
(N=16)
Thin Lines and Text Thick Lines and Panels
Background _
White Blue(94%). Black(63%), Red(25%) Black(69%), Blue(63%), Red(31%)
Black White(75%), Yellow(63%) Yellow(69%), White(50%), Green(25%)
Red Yellow(75%), White(56%), Black(44%) Black(50%), Yellow(44%), White(44%),
Cyan(31%)
Green Black(100%), Blue(56%), Red(25%) Black(69%), Red(63%), Blue(31%)
Blue White(81%), Yellow(50%), Cyan(25%) Yellow(38%), Magenta(38%), Black(31%),
Cycm(31%), White(25%)
Cyam Blue(69%), Black(56%), Red(37%) Red(56%), Blue(50%), Black(44%),
Magenta(25%)
Magenta  Black(63%), White(56%), Blue(44%) Blue(50%), Black(44%), Yellow(25%)
Yellow Red(63%), Blue(a3®%), Black(56%) Red(75%), Blue{t3%), Black(50%)

Worst Color Combinations

(N=16)

Thin Lines and Text

Background

Thick Lines cnd Panels



e e e ke R e B e - - TN e e ' Tt

Background

White Yellow(100%), Cyam(94%) Yellow(94%), Cyan(75%)

Black Blue(879%), Red(37%), Magenta(25%) Blue(81%), Magenta(31%)

Red Magenta(81%), Blue(44%), Green(25%), Magenta(69%), Blue(50%), Green(37%),
L Cyem(25%) Cyan(25%)

Green Cyan(81%), Magenta(50%), Yellow(37%) Cyan(81%), Magenta(44%), Yellow(44%)

Blua [Green(62%), Red(37%), Black(37%) Green(44%), Red(31%), Black(31%)

Cyan EIEEH{EI %), Yellow(75%), White(31%) Yellow(59%), Green(62%), White(56%)

Magenta Green(75%), Red(56%), Cyan(44%) Cyan(81%), Green(69%), Red(44%)

Yellow = White(81%). Cyan(81%) White(81%), Cycm(56%), Green(25%)

Figure 8.3 Best and Worst Color Combinations from Murch [1984b]
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More guidelines for the usage of
colors

. Do not use more than 4-7 colors per screen.
. Color impression varies, depending on the
background.

A possible color model

. To distinguish small objects, they should not only

differ in their colors but also in their lightness (=
amount of achromatic color, ranging from white over grey to



black) a
. For very fine details, use black and white.

. To draw attention to an object, make it differ from its

environment in terms of its brightness and saturation

(brightness is determined by the intensity of the light source; a
saturated color is one that is composed of light with a narrow spec

trum)
E xample:

a a ‘

Green letter against green background that is
distinguished in (a) nothing, (b) lightness (not brightness!),
(c) saturation, (d) lightness and saturation.

Reading becomes harder if colors differ both In
saturation and in their spectra.

—+ Use color conservatively



Design for monochrome first «
Use automatic color palettes



Color In a typical contemporary
screen

-* File Edit Wiew Mot Format Font Tools Table ‘Wielew Waeek E n Fanbiiida Halp E-II'-H'. = .[l. . Ll K
g &Ry DR v-- | g@EHOENRE DY = - 3

Ihw.—m..ll s Toec Hew Faal = 10 = B F ulEl!.lE.*mleF'hr
Glfitnue@eees < P
_

Ralf Oi kpcharlain 5 3 1 Ligkrigtidt, Tramk Fed 1] '
Pl e b | CpmemerialLW5 | Sater 1
Lor-i Miskeall

O Lol Higksii

iopessi vwdy mail

ALrred Bk

ALfred Koo

Paggy Ml

Qi Trimnkiz

Aicreard H- Tonjlar

Don Mol asd

[ Lo Hicosii
Hearln Holsas
Lol Hiskall

= Sem Ho Laa
ey e

O minsa 2000

= dabea | - Plahesed

ALfred Bork

ALrred Bk

debra | richadm

Jahw Zreamg

i Uabh

Gl ia ok

Neradi th Lea, Dea

Ta

D R

Fxs
]

o

T

mfoetnn eabvin assecpied AP[s ol

Emporving demmm dwcsdadpr in the lpaming provess. As slrasdy pomded ool aacker
(gea Sachon 4 4440, Leam Sesame = oupgee m eet-emplovpe domen  kmowledgs
for podmg the leammg procass snd therefore mpubcanily contnbutpes W the effency
arel scabbikby of the overal vear modelmg procass

L Eemaibal, Oramlens and Leam Sesane do oot aloo for cusiom exierencns 1o dies acqo-

Ermkl-'ru'\.:l.u Ewv mwiil
'r! For1E A E

Mamil by el | e e B
Word ard dredl bed o akbed

23 Uah bedhnalogy -
UCi owseos |Robeabeen il

i M YeraErSinl
Py orelevsnl Leam 5 e

Ta kgl gn upeke o= a3 =5

cakione and Evpar iancar
i Asrtela -0 g e

(0 Y THE ORIRTHIA Te L ]

Oraw- b & | AutsShapes ™~ w 1O E 4 d-ZF-A-m =20 g
™ Geo i eril W 12" a7 Cal 4% FaC [T AT R BLE ]




The screen looks relatively colorful, but this is due to text being edited
(red font indicates changed text, and yellow background signals
marked text). The general appearance of the application shown here

IS very much monochrome, as is the case for most other commercial
applications today.



Recommendable usage of colors

. Emphasis (particularly when used as background)

. Grouping of neighboring objects
(particularly when used as background)

. Coding of discrete data
(not more than 7+/-2 colors if codes have to be remembered)

. Window systems: marking the type of window or application

. Graphics: Visual separation of overlapping graphical elements or
labels

. Depth in 3-D graphics
(reddish colors appear closer, bluish colors more distant)

. Naturalness in photorealistic images

. Coding of continuous data in information landscapes
(e.g., false color representation)+++

. Warnings, status reports

. To Increase the attractiveness of an interface, following
guidelines for color selection (increased attractiveness does not
necessarily imply an increase in usabillity)












Hypermedia

1. What is hypermedia? «

2. Hypermedia design goes far beyond HCI design ¢ ¢ ¢
3. Unrestricted hypermedia makes orientation difficult ¢
4. HCI guidelines for web design (Farkas & Farkas) «

5. Scent ¢



Hypermedia (specifically the www)

Two major architectural components:

Nodes

contain information, which is presented through several media
Links

lead from visible elements in nodes to other nodes (or sometimes
to other elements within the same node)

HCI view:

Navigation between pages
contributions from HCI, domain experts, technical communication
Information presentation
contributions from technical communication, domain experts,
writing sciences, marketing, HCI, cinematic arts



Multimedia layout
contributions from visual arts, media arts, marketing, HCI
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Possibe web structures
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Web Matrix

. Users generally prefer hierarchical or linear structures

. Beginning users and particularly elderly people have considerable
orientation problems with web-like structures ("lost in
hyperspace")



Web Design Guidelines by
Farkas & Farkas

1. Designing an Effective Link

1.1 Be sure that all links indicate that they are links
underlining, buttons, items in colums, textual hints, mouse rollover,
changing cursor icon, and semantics 4

1.2 Work to ensure that users will view and notice links
Put important links above scroll lines; entice users to scroll past scroll lines

1.3 Be sure that all links clearly indicate their destinations
Text links, explanatory text, mouse rollover

2. Managing large number of links

2.1 Plan effective ratios of breadth and depth in Web site hierarchies
Breadth over depth, grouping %



2.2 Supplement the primary links of a Web site with secondary links,
when appropriate

—_—
—

il
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Hommeesbemd

2.4 Design the interface to readily reveal the underlying information
structure «

3. Providing orientation information

3.1 Provide clear, brief, and highly conspicuous orientation



Information on the home

page. What is this site about? ¢ ("Splash" pages are o.k. if you can click them
away).

3.2 Provide orientation information on lower-level pages to support
continued

exploration of your Web site.

static: ¢ collapsable: ¢ multi-layered: ¢ expandible wheels: %

4. Augmenting link to link navigation

4.1 Employ site maps to show the global structure of a site and to
provide
direct access to nodes ¢+ ¢

4.2 Provide a search facility or an index for direct access to content

4.3 Provide a link to the home page throughout the site



Scent

Links should "smell" like what the user wants.

. confidence before clicking the link
. feeling closer to the answer afterwards

Pragmatic measure of information scent (Spool et al., 1998)

1. Ask users before they click
a) What they thought they would get
b) How confident they were (on a -2 to +2 scale)

2. Ask users after they click
c) whether they were closer to the search goal (on a -2 to +2 scale)
d) add the results from (b) and (c)
e) add the results from (d) cumulatively

The score in (d) is highly correlated with ultimate success. It should



Increase monotonously.

Users are however notorously bad in predicting how far the desired
Information is still away.



Virtual Realities

Main characteristics:

* Three-dimensional objects and environments

* Multi-sensory input (visual, auditive, haptic, autosensory)
e User should feel immersed

/O devices:

 "Desktop VR": (touchsensitive) Screen, Mouse (3D) ¢
 "Immersion VR": helmet ¢, LCD glasses+, or cave+
data glove+, location detectors

Main usage

« Exploration ¢+and demonstration ¢ of 3D objects or environments
e Training «

e Virtual interface ¢

* Physical co-presence with others (entertainment, meetings) «


http://www.ics.uci.edu/~kobsa/courses/ICS104/course-notes/cave-science.mov
http://www.ics.uci.edu/~kobsa/courses/ICS104/course-notes/vr-church.mov

Immersion improved through:
e matching input from at least two sensors
* high refresh rate
» small delays after user actions (< 100 msec)
e at least monoscopic view with motion parallax
(added stereoscopy is better)
* three-dimensional sound

Problems:
 many users of immersion VR get headaches, become drowsy,

nauseous...
(due to vection, lag of visual update??)
 users loose orientation (® landmarks, simple layout, color codes,

footprints...)









Figure 7! Telepresence in Dalaspa
with the Ames Virlual Environmeni
Workstation. Picture courtesy of
NASA
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Figure 9.14  The NASA design for telerobotics



Computer-Supported Cooperative Work

* Types of CSCW, and supporting technology «
 Some key problems in CSCW «
» Usefulness of different modalities for synchroneous CSCW «

* New paradigms ¢+ +¢



Computer-Supported Cooperative Work (CSCW):

Types and Supporting Technology

Same
location

Different
locations

Same time
(synchronous)

Computer-supported
meeting rooms %

Computer-supported
conferencing

» audio

e video &%

o text-based chat

e virtual environments &
w/ or w/o shared objects

Different time
(asynchronous)

* E-mail

* Newgroups

» Shared repositories

» Group awareness tools
» Workflow systems

e E-mall

* Newsgroups

» Shared repositories

» Group awareness tools

* Distributed workflow
systems




Key problems in CSCW

1. In multi-party remote meetings:

- Turntaking (audio delay, video angle, lack of peripheral/sublimal awareness...):

requires strict floor control

- Lack of immersion

2. In multi-party physical meetings with remote members:

Same as above, for remote members

Social dynamics changes #

3. In 1 on 1 conferencing (but also multi-party)

Eye contact



Usefulness of different modalities for synchronous
CSCW

Audio onl Audio + shared Audio +
y objects Video

1 on 1 conferencing ++ +++ ++
multiparty physical meeting

: 0 + +
with remote members
multiparty remote meeting + ++ +
peripheral awareness ++ n.a. ++













Handheld Devices

* Wide variety of
shapes

« Often used in an "eye-less mode"
(due to distraction or adverse light conditions)

-+ High-tactility keypads necessary
(elevated keys, sufficient distance, from material that feels different than chassis)

[audio feedback too much dependent on ambient noise level !]

 Menus should be relatively flat

Vertical screen size thereby does not seem to play a major role, unless it is very tiny (i.e.
one line only)

e Highly targeted information provision necessary

—+ A case for personalization



 New Interaction paradigms possible

Motion-invariant displays ¢

Touchscreen dragging ¢

Hand mirror metaphor % 4

/

Keyhole/Flashlight
Metaphor

Using a handsfree phone while driving does
not seem to be safer than using a manually
operated phone

Merely speaking to other people by phone places a sufficiently
dangerous cognitive load on drivers (much higher than when
talking to a passenger)

P.S.: All these guidelines are still in flux and scientifically not yet fully established















HCI for people with disabilites

1. Manually impaired users «
2. Visually impaired users «
3. Hearing-impaired users

4. Cognitively impaired users

Legal requirements to make software and websites accessible:

. Americans with Disabilities Act (ADA)

. Presidential Directive for Federal Government sites

. Section 508 of the Rehabilitation Act of 1973 for colleges

. Institutional directives (e.g., UCI's Electronic Communications Policy)



Manually impaired users

Includes people with disabilities, but also many elderly
users and "situationally handicapped" users. They
have, e.g., problems

1. Positioning the mouse, clicking and dragging.

?* Mouse operations should also be performable using the keyboard

only
(e.g., use cursor keys for navigation, function key for selecting

menu items)

2. Simultaneously pressing two or more keys (e.g., CTRL
and SHIFT).
2 Allow users to press these keys sequentially.

3. Entering larger amounts of data
* Provide default values



Provide next possible values when user presses a key

Successively provide next possible value; stop when user hits a
key

Expand input to first possible value

Allow users to define aliases and shortcuts

For severe forms of manual impairment, special input
devices are needed (head mouses, foot mouse, suction
tubes, speech recognitions ¢)



Visually impaired users

Includes many elderly users.

1. Problems with color perception «

< Use color redundantly

Color-code larger areas only

Colors should differ in at least two primary colors

For elderly people, allow for more brightness after extended
computer work

2. Problems perceiving small objects
2= Allow for screen magnification

3. Blindness

< Special I/O devices (Braille ¢, speech output, physical models)

Special software (e.g, "screen readers", "web-to-speech
translators")



Special design guidelines (e.g.,
http://www.w3.org/WAI/#Guidelines ¢)

&) BOBBY..:
Web analyzer Bobby http://www.cast.org/bobby/ mis ArPrRoVED



http://www.cast.org/bobby/

Designing and Evaluating Uls

1. Set up a design team

(Programmers, HCI designers, graphical designers / artists, technical authors,
user representatives,management representatives)

2. Gather requirements, analyze tasks and users+

3. Start Ul design early (before code is written)

* helps elicit requirements from customers
* Serves as a requirements specification for customers and programmers

4. Use software tools for Ul design and prototyping

5. Follow guidelines (e.g., 1ISO 9241, 0S-specific guidelines ¢ ¢, house styles)

6. Make evaluation+ a central component of system design+ ¢
o Start early (before code has been written)

» Use evaluation in all phases (formative and summative)
* Involve real users

» Use "cheap" techniques first (e.g., walkthroughs)


http://www.ics.uci.edu/~kobsa/courses/ICS104/course-notes/Microsoft_WindowsGuidelines.pdf
http://developer.apple.com/techpubs/macosx/Essentials/AquaHIGuidelines/index.html
http://www.ics.uci.edu/~kobsa/courses/ICS104/course-notes/eval-methods.htm

/. Develop guidelines

|


http://www.ics.uci.edu/~kobsa/courses/ICS104/course-notes/references.pdf
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Videoconterences can change
social dynamics

 Meeting behaviors are highly practiced.

« What happens when camera, microphone,
and monitor are added?
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Color deficiencies, adaptation
problems

1. Color deficiencies

8% of white U.S. males are red/green blind

(less in other races; white females: 0.5%) ﬂ\

these colors appear medium-gray

+ Design for monochrome first, and add
color as a redundant device.

If this is not (fully) possible, objects ﬂ
should not only be distinguished

by their amount of red or green.

2. Adaptation problems

Colors have different wavelengths, ranging from red (610nm) to orange,
yellow,



green, blue and violett (380nm). Pupils must refocus when colors
change.

+ When users' eyes must constantly switch between objects of
different color, avoid combinations of colors that differ strongly
In their wavelengths (this hold particularly true for elderly users).



© Joanna Szachowska/lmages.com, Inc.
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Web Content
Accessibility
Guidelines 1.0

EDITORS:

Wendy Chisholm, Trace R & D Center, University of Wisconsin—Madison
Gregg Vanderheiden, Trace R & D Center, University of Wisconsin—Madison

lan Jacobs, W3C

Abstract

These guidelines explain how to make Web content
accessible to people with disabilities. The guidelines
are intended for all Web content developers (page
authors and site designers) and for developers of
authoring tools. The primary goal of these guidelines
is to promote accessibility. However, following them
will also make Web content more available to all
users, whatever user agent they are using (e.g., desk-
top browser, voice browser, mobile phone, automo-
bile-based personal computer, etc.) or constraints they
may be operating under (e.g., noisy surroundings,
under- or over-illuminated rooms, in a hands-free
environment, etc.). Following these guidelines wiill
also help people find information on the Web more
quickly. These guidelines do not discourage content
developers from using images, video, etc., but rather
explain how to make multimedia content more acces-
sible to a wide audience.

This is a reference document for accessibility princi-
ples and design ideas. Some of the strategies dis-
cussed in this document address certain Web
internationalization and mobile access concerns.
However, this document focuses on accessibility and
does not fully address the related concerns of other
W3C Activities. Please consult the W3C Mobile Access
Activity home page and the W3C Internationalization

interactions...july +

august

Activity home page for more information.

This document is meant to be stable and therefore
does not provide specific information about browser
support for different technologies as that information
changes rapidly. Instead, the Web Accessibility Initia-
tive (WAI) Web site provides such information (refer
to [WAI-UA-SUPPORT]).

This document includes an appendix that organizes
all of the checkpoints by topic and priority. The check-
points in the appendix link to their definitions in the
current document. The topics identified in the
appendix include images, multimedia, tables, frames,
forms, and scripts. The appendix is available as either
a tabular summary of checkpoints or as a simple list of
checkpoints.

A separate document, entitled “Techniques for
Web Content Accessibility Guidelines 1.0” ([TECH-
NIQUES]), explains how to implement the check-
points defined in the current document. The
Techniques Document discusses each checkpoint in
more detail and provides examples using the Hyper-
text Markup Language (HTML), Cascading Style
Sheets (CSS), Synchronized Multimedia Integration
Language (SMIL), and the Mathematical Markup Lan-
guage (MathML). The Techniques Document also
includes techniques for document validation and
testing, and an index of HTML elements and

2001



attributes (and which techniques use them).
The Techniques Document has
designed to track changes in technology
and is expected to be updated more fre-
quently than the current document. Note.
Not all browsers or multimedia tools may
support the features described in the guide-
lines. In particular, new features of HTML

been

4.0 or CSS 1 or CSS 2 may not be supported.

“Web Content Accessibility Guidelines
1.0" is part of a series of accessibility guide-
lines published by the Web Accessibility Ini-
tiative. The series also includes User Agent
Accessibility Guidelines ([WAI-USERAGENT])
and Authoring Tool Accessibility Guidelines
([WAI-AUTOOLS]).

1. Introduction

For those unfamiliar with accessibility issues
pertaining to Web page design, consider that
many users may be operating in contexts very
different from your own:

) They may not be able to see, hear,
move, or may not be able to process
some types of information easily or
at all.

) They may have difficulty reading or
comprehending text.

) They may not have or be able to use a
keyboard or mouse.

L) They may have a text-only screen,

a small screen, or a slow Internet
connection.

"l They may not speak or understand flu-
ently the language in which the docu-
ment is written.

L) They may be in a situation where their
eyes, ears, or hands are busy or inter-
fered with (e.g., driving to work, work-
ing in a loud environment, etc.).

) They may have an early version of a
browser, a different browser entirely, a
voice browser, or a different operating
system.

Content developers must consider these dif-
ferent situations during page design. While
there are several situations to consider, each
accessible design choice generally benefits sev-
eral disability groups at once and the Web com-
munity as a whole. For example, by using style
sheets to control font styles and eliminating the
FONT element, HTML authors will have
more control over their pages, make those
pages more accessible to people with low vision,
and by sharing the style sheets, will often short-
en page download times for all users.

The guidelines discuss accessibility issues
and provide accessible design solutions. They
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address typical scenarios (similar to the font
style example) that may pose problems for
users with certain disabilities. For example,
the first guideline explains how content
developers can make images accessible. Some
users may not be able to see images, others
may use text-based browsers that do not sup-
port images, while others may have turned off
support for images (e.g., due to a slow Inter-
net connection). The guidelines do not sug-
gest avoiding images as a way to improve
accessibility. Instead, they explain that pro-
viding a text equivalent of the image will
make it accessible.

How does a text equivalent make the image
accessible? Both words in “text equivalent” are
important:

U] Text content can be presented to the

user as synthesized speech, braille,
and visually-displayed text. Each of
these three mechanisms uses a differ-
ent sense—ears for synthesized
speech, tactile for braille, and eyes for
visually-displayed text—making the
information accessible to groups rep-
resenting a variety of sensory and oth-
er disabilities.

[J In order to be useful, the text must
convey the same function or purpose as
the image. For example, consider a text
equivalent for a photographic image of
the Earth as seen from outer space. If
the purpose of the image is mostly that
of decoration, then the text “Photo-
graph of the Earth as seen from outer
space” might fulfill the necessary func-
tion. If the purpose of the photograph
is to illustrate specific information
about world geography, then the text
equivalent should convey that informa-
tion. If the photograph has been
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designed to tell the user to select the
image (e.g., by clicking on it) for infor-
mation about the earth, equivalent text
would be “Information about the
Earth.” Thus, if the text conveys the
same function or purpose for the user
with a disability as the image does for
other users, then it can be considered a
text equivalent.

Note that, in addition to benefitting users
with disabilities, text equivalents can help all
users find pages more quickly, since search
robots can use the text when indexing the pages.

While Web content developers must pro-
vide text equivalents for images and other mul-
timedia content, it is the responsibility of user
agents (e.g., browsers and
assistive technologies such as
screen readers, braille dis-

ly. Pages that transform gracefully remain
accessible despite any of the constraints
described in the introduction, including phys-
ical, sensory, and cognitive disabilities, work
constraints, and technological barriers. Here
are some keys to designing pages that trans-
form gracefully:

[J Separate structure from presentation
(refer to the difference between con-
tent, structure, and presentation).

L] Provide text (including text equiva-
lents). Text can be rendered in ways
that are available to almost all browsing
devices and accessible to almost all
users.

[] Create documents that work even if the

Status of this document

plays, etc.) to present the
information to the user.
Non-text equivalents of
text (e.g., icons, pre-recorded
speech, or a video of a person
translating the text into sign
language) can make docu-
ments accessible to people
who may have difficuley
accessing written text, includ-
ing many individuals with
cognitive disabilities, learning
disabilities, and deafness.
Non-text equivalents of text
can also be helpful to non-
readers. An auditory descrip-
tion is an example of a
non-text equivalent of visual
information. An auditory
description of a multimedia
presentation’s visual track
benefits people who cannot
see the visual information.
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The English version of this specification is the only normative version.
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http://www.w3.org/WAI/GL/WAI-WEBCONTENT-TRANSLATIONS.

The list of known errors in this document is available at
http://www.w3.org/WAI/GL/WAI-WEBCONTENT-ERRATA. Please report
errors in this document to wai-wcag-editor@w3.org.

A list of current W3C Recommendations and other technical docu-
ments can be found at http://www.w3.org/TR.
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2. Themes of Accessible Design
The guidelines address two general themes:
ensuring graceful transformation, and mak-
ing content understandable and navigable.

2.1 Ensuring Graceful Transformation
By following these guidelines, content devel-
opers can create pages that transform graceful-

user cannot see and/or hear. Provide
information that serves the same pur-
pose or function as audio or video in
ways suited to alternate sensory chan-
nels as well. This does not mean creat-
ing a prerecorded audio version of an
entire site to make it accessible to users
who are blind. Users who are blind can
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use screen reader technology to render
all text information in a page.

"] Create documents that do not rely on
one type of hardware. Pages should be
usable by people without mice, with
small screens, low resolution screens,
black and white screens, no screens,
with only voice or text output, etc.

The theme of graceful transformation is

addressed primarily by guidelines 1 to 11.

2.2 Making Content Understandable and
Navigable
Content developers should make content
understandable and navigable. This includes
not only making the language clear and sim-
ple, but also providing understandable mecha-
nisms for navigating within and between
pages. Providing navigation tools and orienta-
tion information in pages will maximize acces-
sibility and usability. Not all users can make
use of visual clues such as image maps, propor-
tional scroll bars, side-by-side frames, or
graphics that guide sighted users of graphical
desktop browsers. Users also lose contextual
information when they can only view a por-
tion of a page, cither because they are accessing
the page one word at a time (speech synthesis
or braille display), or one section at a time
(small display, or a magnified display). With-
out orientation information, users may not be
able to understand very large tables, lists,
menus, etc.

The theme of making content understand-
able and navigable is addressed primarily in
guidelines 12 to 14.

3. How the Guidelines are
Organized

This document includes fourteen guidelines,
or general principles of accessible design. Each
guideline includes:

) The guideline number.

L) The statement of the guideline.

"] Guideline navigation links. Three links
allow navigation to the next guideline
(right arrow icon), the previous guide-
line (left arrow icon), or the current
guideline’s position in the table of con-
tents (up arrow icon).

[ The rationale behind the guideline
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and some groups of users who benefit
from it.

[J A list of checkpoint definitions.

The checkpoint definitions in each guide-
line explain how the guideline applies in typi-
cal content development scenarios. Each
checkpoint definition includes:

) The checkpoint number.

[J The statement of the checkpoint.

[ The priority of the checkpoint. Priori-
ty 1 checkpoints are highlighted
through the use of style sheets.

[J Optional informative notes, clarifying
examples, and cross references to relat-
ed guidelines or checkpoints.

[J A link to a section of the Techniques
Document ([TECHNIQUES]) where
implementations and examples of the
checkpoint are discussed.

Each checkpoint is intended to be specific
enough so that someone reviewing a page or
site may verify that the checkpoint has been
satisfied.

3.1 Document conventions
The following editorial conventions are used
throughout this document:
] Element names are in uppercase letters.
LI Attribute names are quoted in lower-
case letters.
U Links to definitions are highlighted
through the use of style sheets.

4. Priorities

Each checkpoint has a priority level assigned
by the Working Group based on the check-
point’s impact on accessibility.

[Priority 1]

A Web content developer must satisfy this
checkpoint. Otherwise, one or more groups
will find it impossible to access information in
the document. Satisfying this checkpoint is a
basic requirement for some groups to be able
to use Web documents.

[Priority 2]

A Web content developer should satisfy
this checkpoint. Otherwise, one or more
groups will find it difficult to access informa-
tion in the document. Satisfying this check-
point will remove significant barriers to
accessing Web documents.
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[Priority 3]

A Web content developer may address this
checkpoint. Otherwise, one or more groups
will find it somewhat difficult to access infor-
mation in the document. Satisfying this check-
point will improve access to Web documents.

Some checkpoints specify a priority level
that may change under certain (indicated)
conditions.

5. Conformance
This section defines three levels of confor-
mance to this document:

[J Conformance Level “A”: all Priority 1
checkpoints are satisfied;

[] Conformance Level “Double-A”: all Pri-
ority 1 and 2 checkpoints are satisfied;

[] Conformance Level “Triple-A”: all Prior-
ity 1, 2, and 3 checkpoints are satisfied;

Note. Conformance levels are spelled out in
text so they may be understood when ren-
dered to speech.

Claims of conformance to this document
must use one of the following two forms.

Form 1: Specify:

[J The guidelines tite: “Web Content
Accessibility Guidelines 1.0”

[J The guidelines URI:
heep://www.w3.0rg/ TR/1999/WAI-
WEBCONTENT-19990505

[ The conformance level satisfied: “A,”
“Double-A,” or “Triple-A.”

[J The scope covered by the claim (e.g.,
page, site, or defined portion of a site).

Example of Form 1I:

This page conforms to W3C’s “Web Con-
tent Accessibility Guidelines 1.0,” available at
heep://www.w3.0rg/ TR/1999/WAI-WEB-
CONTENT-19990505, level Double-A.
Form 2: Include, on each page claiming con-
formance, one of three icons provided by
W3C and link the icon to the appropriate
W3C explanation of the claim. Information
about the icons and how to insert them in
pages is available at [WCAG-ICONS].

6. Web Content Accessibility
Guidelines

Guideline 1. Provide equivalent
alternatives to auditory and visual
content.
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Provide content that, when presented to the user,
conveys essentially the same function or purpose
as auditory or visual content.

Although some people cannot use images,
movies, sounds, applets, etc. directly, they
may still use pages that include equivalent
information to the visual or auditory content.
The equivalent information must serve the
same purpose as the visual or auditory con-
tent. Thus, a text equivalent for an image of
an upward arrow that links to a table of con-
tents could be “Go to table of contents.” In
some cases, an equivalent should also describe
the appearance of visual content (e.g., for
complex charts, billboards, or diagrams) or
the sound of auditory content (e.g., for audio
samples used in education).

This guideline emphasizes the importance
of providing text equivalents of non-text con-
tent (images, pre-recorded audio, video). The
power of text equivalents lies in their capacity
to be rendered in ways that are accessible to
people from various disability groups using a
variety of technologies. Text can be readily
output to speech synthesizers and braille dis-
plays, and can be presented visually (in a vari-
ety of sizes) on computer displays and paper.
Synthesized speech is critical for individuals
who are blind and for many people with the
reading difficulties that often accompany cog-
nitive disabilities, learning disabilities, and
deafness. Braille is essential for individuals
who are both deaf and blind, as well as many
individuals whose only sensory disability is
blindness. Text displayed visually benefits
users who are deaf as well as the majority of
Web users.

Providing non-text equivalents (e.g., pic-
tures, videos, and pre-recorded audio) of text
is also beneficial to some users, especially non-
readers or people who have difficulty reading.
In movies or visual presentations, visual action
such as body language or other visual cues
may not be accompanied by enough audio
information to convey the same information.
Unless verbal descriptions of this visual infor-
mation are provided, people who cannot see
(or look at) the visual content will not be able
to perceive it.

Checkpoints:

1.1 Provide a text equivalent for every non-
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text element (e.g., via “alt,” “longdesc,” or in
element content). This includes: images,
graphical representations of text (including
symbols), image map regions, animations
(e.g., animated GIFs), applets and program-
matic objects, ascii art, frames, scripts, images
used as list bullets, spacers, graphical buttons,
sounds (played with or without user interac-
tion), stand-alone audio files, audio tracks of
video, and video. [Priority 1]

For example, in HTML:

L Use “alt” for the IMG, INPUT, and
APPLET elements, or provide a text
equivalent in the content of the
OBJECT and APPLET elements.

L] For complex content (e.g., a chart)
where the “alt” text does not provide a
complete text equivalent, provide an
additional description using, for exam-
ple, “longdesc” with IMG or FRAME,
a link inside an OBJECT element, or a
description link.

[l For image maps, either use the “alt”
attribute with AREA, or use the MAP
element with A elements (and other
text) as content.

Refer also to checkpoint 9.1 and
checkpoint 13.10.
Techniques for checkpoint 1.1

1.2 Provide redundant text links for each

active region of a server-side image map. [Pri-
ority 1]
Refer also to checkpoint 1.5 and
checkpoint 9.1.
Techniques for checkpoint 1.2
1.3 Until user agents can automatically
read aloud the text equivalent of a visual track,
provide an auditory description of the impor-
tant information of the visual track of a mul-
timedia presentation. [Priority 1]
Synchronize the auditory description
with the audio track as per checkpoint
1.4. Refer to checkpoint 1.1 for infor-
mation about textual equivalents for
visual information.
Techniques for checkpoint 1.3

1.4 For any time-based multimedia presen-

tation (e.g., a movie or animation), synchro-
nize equivalent alternatives (e.g., captions or
auditory descriptions of the visual track) with
the presentation. [Priority 1]
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Techniques for checkpoint 1.4
1.5 Until user agents render text equiva-

lents for client-side image map links, provide
redundant text links for each active region of
a client-side image map. [Priority 3]

Refer also to checkpoint 1.2 and

checkpoint 9.1.

Techniques for checkpoint 1.5

Guideline 2. Don’t rely on color alone.
Ensure that text and graphics are understand-
able when viewed without color.

If color alone is used to convey information,
people who cannot differentiate between cer-
tain colors and users with devices that have
non-color or non-visual displays will not
receive the information. When foreground
and background colors are too close to the
same hue, they may not provide sufficient
contrast when viewed using monochrome dis-
plays or by people with different types of
color deficits.

Checkpoints:

2.1 Ensure that all information conveyed
with color is also available without color, for
example from context or markup. [Priority 1]

Techniques for checkpoint 2.1

2.2 Ensure that foreground and back-
ground color combinations provide sufficient
contrast when viewed by someone having
color deficits or when viewed on a black and
white screen. [Priority 2 for images, Priority 3
for text].

Techniques for checkpoint 2.2

Guideline 3. Use markup and style sheets
and do so properly.

Mark up documents with the proper structural
elements. Control presentation with style sheets
rather than with presentation elements and
attributes.

Using markup improperly—not according to
specification—hinders accessibilitcy. Misusing
markup for a presentation effect (e.g., using a
table for layout or a header to change the font
size) makes it difficult for users with special-
ized software to understand the organization
of the page or to navigate through it. Further-
more, using presentation markup rather than
structural markup to convey structure (e.g.,
constructing what looks like a table of data
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with an HTML PRE element) makes it diffi-
cult to render a page intelligibly to other
devices (refer to the description of difference
between content, structure, and presentation).

Content developers may be tempted to use
(or misuse) constructs that achieve a desired
formatting effect on older browsers. They
must be aware that these practices cause acces-
sibility problems and must consider whether
the formatting effect is so critical as to warrant
making the document inaccessible to some
users.

At the other extreme, content developers
must not sacrifice appropriate markup
because a certain browser or assistive technol-
ogy does not process it correctly. For example,
it is appropriate to use the TABLE element in
HTML to mark up tabular information even
though some older screen readers may not
handle side-by-side text correctly (refer to
checkpoint 10.3). Using TABLE correctly and
creating tables that transform gracefully (refer
to guideline 5) makes it possible for software
to render tables other than as two-dimension-
al grids.

Checkpoints:

3.1 When an appropriate markup language
exists, use markup rather than images to con-
vey information. [Priority 2]

For example, use MathML to mark up
mathematical equations, and style
sheets to format text and control lay-
out. Also, avoid using images to repre-
sent text—use text and style sheets
instead. Refer also to guideline 6 and
guideline 11.

Techniques for checkpoint 3.1

3.2 Create documents that validate to pub-
lished formal grammars. [Priority 2]

For example, include a document type
declaration at the beginning of a docu-
ment that refers to a published DTD
(e.g., the stricc HTML 4.0 DTD).
Techniques for checkpoint 3.2

3.3 Use style sheets to control layout and
presentation. [Priority 2]

For example, use the CSS ‘“font’ prop-
erty instead of the HTML FONT ele-
ment to control font styles.
Techniques for checkpoint 3.3

3.4 Use relative rather than absolute units
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in markup language attribute values and style
sheet property values. [Priority 2]
For example, in CSS, use ‘em’ or per-
centage lengths rather than ‘pt’ or ‘cm,
which are absolute units. If absolute
units are used, validate that the ren-
dered content is usable (refer to the
section on validation).
Techniques for checkpoint 3.4
3.5 Use header elements to convey docu-
ment structure and use them according to
specification. [Priority 2]
For example, in HTML, use H2 to
indicate a subsection of H1. Do not
use headers for font effects.
Techniques for checkpoint 3.5
3.6 Mark up lists and list items properly.
[Priority 2]
For example, in HTML, nest OL, UL,
and DL lists propetly.
Techniques for checkpoint 3.6
3.7 Mark up quotations. Do not use quo-
tation markup for formatting effects such as
indentation. [Priority 2]
For example, in HTML, use the Q
and BLOCKQUOTE elements to
markup short and longer quotations,
respectively.
Techniques for checkpoint 3.7

Guideline 4. Clarify natural language
usage.

Use markup that facilitates pronunciation or
interpretation of abbreviated or foreign text.
When content developers mark up natural
language changes in a document, speech syn-
thesizers and braille devices can automatically
switch to the new language, making the docu-
ment more accessible to multilingual users.
Content developers should identify the pre-
dominant natural language of a document’s
content (through markup or HTTP headers).
Content developers should also provide
expansions of abbreviations and acronyms.

In addition to helping assistive technolo-
gies, natural language markup allows search
engines to find key words and identify docu-
ments in a desired language. Natural language
markup also improves readability of the Web
for all people, including those with learning
disabilities, cognitive disabilities, or people

august 2001



who are deaf.

When abbreviations and natural language
changes are not identified, they may be inde-
cipherable when machine-spoken or brailled.

Checkpoints:

4.1 Clearly identify changes in the natural
language of a documents text and any text
equivalents (e.g., captions). [Priority 1]

For example, in HTML use the “lang”
attribute. In XML, use “xml:lang.”
Techniques for checkpoint 4.1

4.2 Specify the expansion of each abbrevia-
tion or acronym in a document where it first
occurs. [Priority 3]

For example, in HTML, use the “tide”
attribute of the ABBR and
ACRONYM elements. Providing

the expansion in the main body of
the document also helps document
usability.

Techniques for checkpoint 4.2

4.3 Identify the primary natural language
of a document. [Priority 3]

For example, in HTML set the “lang”
attribute on the HTML element. In
XML, use “xml:lang.” Server operators
should configure servers to take advan-
tage of HT'TP content negotiation
mechanisms ([RFC2068], section
14.13) so that clients can automatically
retrieve documents of the preferred
language.

Guideline 5. Create tables that transform
gracefully.

Ensure that tables have necessary markup to be
transformed by accessible browsers and other user
agents.

Tables should be used to mark up truly tabu-
lar information (“data tables”). Content devel-
opers should avoid using them to lay out
pages (“layout tables”). Tables for any use also
present special problems to users of screen
readers (refer to checkpoint 10.3).

Some user agents allow users to navigate
among table cells and access header and other
table cell information. Unless marked-up
propetly, these tables will not provide user
agents with the appropriate information.
(Refer also to guideline 3.)

The following checkpoints will directly
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benefit people who access a table through
auditory means (e.g., a screen reader or an
automobile-based personal computer) or who
view only a portion of the page at a time (e.g.,
users with blindness or low vision using
speech output or a braille display, or other
users of devices with small displays, etc.).
Checkpoints:
5.1 For data tables, identify row and col-
umn headers. [Priority 1]
For example, in HTML, use TD to
identify data cells and TH to identify
headers.
Techniques for checkpoint 5.1
5.2 For data tables that have two or more
logical levels of row or column headers, use
markup to associate data cells and header cells.
[Priority 1]
For example, in HTML, use THEAD,
TFOOT, and TBODY to group rows,
COL and COLGROUP to group
columns, and the “axis,” “scope,” and
“headers” attributes, to describe more
complex relationships among data.
Techniques for checkpoint 5.2
5.3 Do not use tables for layout unless the
table makes sense when linearized. Otherwise,
if the table does not make sense, provide an
alternative equivalent (which may be a lin-
earized version). [Priority 2]
Note. Once user agents support style
sheet positioning, tables should not be
used for layout. Refer also to check-
point 3.3.
Techniques for checkpoint 5.3
5.4 If a table is used for layout, do not use
any structural markup for the purpose of visu-
al formacting. [Priority 2]
For example, in HTML do not use the
TH element to cause the content of a
(non-table header) cell to be displayed
centered and in bold.
Techniques for checkpoint 5.4
5.5 Provide summaries for tables. [Priority 3]
For example, in HTML, use the “sum-
mary” attribute of the TABLE element.
Techniques for checkpoint 5.5
5.6 Provide abbreviations for header labels.
[Priority 3]
For example, in HTML, use the “abbr”
attribute on the TH element.

.july + august 2001



Techniques for checkpoint 5.6
Refer also to checkpoint 10.3.

Guideline 6. Ensure that pages featuring
new technologies transform gracefully.
Ensure that pages are accessible even when newer
technologies are not supported or are turned off.
Although content developers are encouraged
to use new technologies that solve problems
raised by existing technologies, they should
know how to make their pages still work with
older browsers and people who choose to turn
off features.

Checkpoints:

6.1 Organize documents so they may be
read without style sheets. For example, when
an HTML document is rendered without
associated style sheets, it must still be possible
to read the document. [Priority 1]

When content is organized logically, it
will be rendered in a meaningful order
when style sheets are turned off or not
supported.

Techniques for checkpoint 6.1

6.2 Ensure that equivalents for dynamic
content are updated when the dynamic con-
tent changes. [Priority 1]

Techniques for checkpoint 6.2

6.3 Ensure that pages are usable when
scripts, applets, or other programmatic objects
are turned off or not supported. If this is not
possible, provide equivalent information on
an alternative accessible page. [Priority 1]

For example, ensure that links that
trigger scripts work when scripts are
turned off or not supported (e.g., do
not use “javascript:” as the link target).
If it is not possible to make the page
usable without scripts, provide a text
equivalent with the NOSCRIPT ele-
ment, or use a server-side script instead
of a client-side script, or provide an
alternative accessible page as per check-
point 11.4. Refer also to guideline 1.
Techniques for checkpoint 6.3

6.4 For scripts and applets, ensure that
event handlers are input device-independent.
[Priority 2]

Refer to the definition of device
independence.
Techniques for checkpoint 6.4
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6.5 Ensure that dynamic content is accessi-
ble or provide an alternative presentation or
page. [Priority 2]

For example, in HTML, use
NOFRAMES at the end of each
frameset. For some applications, server-
side scripts may be more accessible
than client-side scripts.
Techniques for checkpoint 6.5

Refer also to checkpoint 11.4.

Guideline 7. Ensure user control of time-
sensitive content changes.

Ensure that moving, blinking, scrolling, or auto-
updating objects or pages may be paused or
stopped.

Some people with cognitive or visual disabil-
ities are unable to read moving text quickly
enough or at all. Movement can also cause
such a distraction that the rest of the page
becomes unreadable for people with cognitive
disabilities. Screen readers are unable to read
moving text. People with physical disabilities
might not be able to move quickly or accu-
rately enough to interact with moving
objects.

Note. All of the following checkpoints
involve some content developer responsibility
until user agents provide adequate feature
control mechanisms.

Checkpoints:

7.1 Until user agents allow users to control
flickering, avoid causing the screen to flicker.
[Priority 1]

Note. People with photosensitive
epilepsy can have seizures triggered by
flickering or flashing in the 4 to 59
flashes per second (Hertz) range with a
peak sensitivity at 20 flashes per sec-
ond as well as quick changes from dark
to light (like strobe lights).

Techniques for checkpoint 7.1

7.2 Until user agents allow users to control
blinking, avoid causing content to blink (i.c.,
change presentation at a regular rate, such as
turning on and off). [Priority 2]

Techniques for checkpoint 7.2

7.3 Until user agents allow users to freeze
moving content, avoid movement in pages.
[Priority 2]

When a page includes moving con-
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tent, provide a mechanism within a
script or applet to allow users to freeze
motion or updates. Using style sheets
with scripting to create movement
allows users to turn off or override the
effect more easily. Refer also to guide-
line 8.
Techniques for checkpoint 7.3
7.4 Undl user agents provide the ability to
stop the refresh, do not create periodically
auto-refreshing pages. [Priority 2]
For example, in HTML, don't cause
pages to auto-refresh with “HTTP-
EQUIV=refresh” until user agents
allow users to turn off the feature.
Techniques for checkpoint 7.4
7.5 Until user agents provide the ability to
stop auto-redirect, do not use markup to redi-
rect pages automatically. Instead, configure
the server to perform redirects. [Priority 2]
Techniques for checkpoint 7.5
Note. The BLINK and MARQUEE ele-
ments are not defined in any W3C HTML
specification and should not be used. Refer
also to guideline 11.

Guideline 8. Ensure direct accessibility of
embedded user interfaces.

Ensure that the user interface follows principles
of accessible design: device-independent access
to functionality, keyboard operability, self-
voicing, etc.

When an embedded object has its “own inter-
face,” the interface—Ilike the interface to the
browser itself—must be accessible. If the
interface of the embedded object cannot be
made accessible, an alternative accessible solu-
tion must be provided.

Note. For information about accessible
interfaces, please consult the User Agent
Accessibility Guidelines ([WAI-USERA-
GENT]) and the Authoring Tool Accessibility
Guidelines ([WAI-AUTOOQOL)).

Checkpoint:

8.1 Make programmatic elements such as
scripts and applets directly accessible or com-
patible with assistive technologies [Priority 1
if functionality is important and not present-
ed elsewhere, otherwise Priority 2.]

Refer also to guideline 6.
Techniques for checkpoint 8.1
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Guideline 9. Design for device-
independence.

Use features that enable activation of page ele-
ments via a variety of input devices.
Device-independent access means that the
user may interact with the user agent or docu-
ment with a preferred input (or outpur)
device—mouse, keyboard, voice, head wand,
or other. If, for example, a form control can
only be activated with a mouse or other point-
ing device, someone who is using the page
without sight, with voice input, or with a key-
board or who is using some other non-point-
ing input device will not be able to use the
form.

Note. Providing text equivalents for image
maps or images used as links makes it possible
for users to interact with them without a
pointing device. Refer also to guideline 1.

Generally, pages that allow keyboard inter-
action are also accessible through speech input
or a command line interface.

Checkpoints:

9.1 Provide client-side image maps instead
of server-side image maps except where the
regions cannot be defined with an available
geometric shape. [Priority 1]

Refer also to checkpoint 1.1, check-
point 1.2, and checkpoint 1.5.
Techniques for checkpoint 9.1

9.2 Ensure that any element that has its
own interface can be operated in a device-
independent manner. [Priority 2]

Refer to the definition of device
independence.

Refer also to guideline 8.
Techniques for checkpoint 9.2

9.3 For scripts, specify logical event han-
dlers rather than device-dependent event han-
dlers. [Priority 2]

Techniques for checkpoint 9.3

9.4 Create a logical tab order through

links, form controls, and objects. [Priority 3]
For example, in HTML, specify tab
order via the “tabindex” attribute or
ensure a logical page design.
Techniques for checkpoint 9.4

9.5 Provide keyboard shortcuts to impor-
tant links (including those in client-side image
maps), form controls, and groups of form
controls. [Priority 3]
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For example, in HTML, specify short-
cuts via the “accesskey” attribute.
Techniques for checkpoint 9.5

Guideline 10. Use interim solutions.

Use interim accessibility solutions so thar assis-
tive technologies and older browsers will operate
correctly.

For example, older browsers do not allow
users to navigate to empty edit boxes. Older
screen readers read lists of consecutive links as
one link. These active elements are therefore
difficult or impossible to access. Also, chang-
ing the current window or popping up new
windows can be very disorienting to users who
cannot see that this has happened.

Note. The following checkpoints apply
until user agents (including assistive technolo-
gies) address these issues. These checkpoints
are classified as “interim,” meaning that the
Web Content Guidelines Working Group
considers them to be valid and necessary to
Web accessibility as of the publication of this
document. However, the Working Group does
not expect these checkpoints to be necessary in
the future, once Web technologies have incor-
porated anticipated features or capabilities.

Checkpoints:

10.1 Until user agents allow users to turn
off spawned windows, do not cause pop-ups
or other windows to appear and do not
change the current window without inform-
ing the user. [Priority 2]

For example, in HTML, avoid using a
frame whose target is a new window.
Techniques for checkpoint 10.1

10.2 Undl user agents support explicit
associations between labels and form controls,
for all form controls with implicitly associated
labels, ensure that the label is properly posi-
tioned. [Priority 2]

The label must immediately precede its
control on the same line (allowing
more than one control/label per line) or
be in the line preceding the control
(with only one label and one control
per line). Refer also to checkpoint 12.4.
Techniques for checkpoint 10.2

10.3 Until user agents (including assistive
technologies) render side-by-side text correct-
ly, provide a linear text alternative (on the cur-
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rent page or some other) for all tables that lay
out text in parallel, word-wrapped columns.
[Priority 3]

Note. Please consult the definition of

linearized table. This checkpoint bene-

fits people with user agents (such as

some screen readers) that are unable to

handle blocks of text presented side-

by-side; the checkpoint should not dis-

courage content developers from using

tables to represent tabular information.

Techniques for checkpoint 10.3

10.4 Until user agents handle empty con-

trols correctly, include default, place-holding
characters in edit boxes and text areas.
[Priority 3]

For example, in HTML, do this for

TEXTAREA and INPUT.

Techniques for checkpoint 10.4

10.5 Untl user agents (including assistive

technologies) render adjacent links distinctly,
include non-link, printable characters (sur-
rounded by spaces) between adjacent links.
[Priority 3]

Techniques for checkpoint 10.5

Guideline 11. Use W3C technologies and
guidelines.

Use W3C technologies (according to specifica-
tion) and follow accessibility guidelines. Where
it is not possible to use a W3C technology, or
doing so results in material that does not trans-
Jform gracefully, provide an alternative version of
the content that is accessible.

The current guidelines recommend W3C
technologies (e.g., HTML, CSS, etc.) for sev-
eral reasons:

[1 W3C technologies include “built-in”
accessibility features.

[1 W3C specifications undergo early
review to ensure that accessibility issues
are considered during the design phase.

L] W3C specifications are developed in an
open, industry consensus process.

Many non-W3C formats (e.g., PDE

Shockwave, etc.) require viewing with either
plug-ins or stand-alone applications. Often,
these formats cannot be viewed or navigated
with standard user agents (including assistive
technologies). Avoiding non-W3C and non-
standard features (proprietary elements,
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attributes, properties, and extensions) will
tend to make pages more accessible to more
people using a wider variety of hardware and
software. When inaccessible technologies
(proprietary or not) must be used, equivalent
accessible pages must be provided.

Even when W3C technologies are used,
they must be used in accordance with accessi-
bility guidelines. When using new technolo-
gies, ensure that they transform gracefully
(Refer also to guideline 6.).

Note. Converting documents (from PDE
PostScript, RTE etc.) to W3C markup lan-
guages (HTML, XML) does not always create
an accessible document. Therefore, validate
each page for accessibility and usability after
the conversion process (refer to the section on
validation). If a page does not readily convert,
either revise the page undil its original repre-
sentation converts appropriately or provide an
HTML or plain text version.

Checkpoints:

11.1 Use W3C technologies when they are
available and appropriate for a task and use the
latest versions when supported. [Priority 2]

Refer to the list of references for
information about where to find the
latest W3C specifications and [WAI-
UA-SUPPORT] for information
about user agent support for W3C
technologies.

Techniques for checkpoint 11.1

11.2 Avoid deprecated features of W3C
technologies. [Priority 2]

For example, in HTML, don'’t use the
deprecated FONT element; use style
sheets instead (e.g., the ‘font’ property
in CSS).

Techniques for checkpoint 11.2

11.3 Provide information so that users may
receive documents according to their prefer-
ences (e.g., language, content type, etc.)
[Priority 3]

Note. Use content negotiation where
possible.
Techniques for checkpoint 11.3

11.4 If, after best efforts, you cannot create
an accessible page, provide a link to an alter-
native page that uses W3C technologies, is
accessible, has equivalent information (or
functionality), and is updated as often as the
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inaccessible (original) page. [Priority 1]
Techniques for checkpoint 11.4
Note. Content developers should only
resort to alternative pages when other solu-
tions fail because alternative pages are general-
ly updated less often than “primary” pages. An
out-of-date page may be as frustrating as one
that is inaccessible since, in both cases, the
information presented on the original page is
unavailable. Automatically generating alterna-
tive pages may lead to more frequent updates,
but content developers must still be careful to
ensure that generated pages always make
sense, and that users are able to navigate a site
by following links on primary pages, alterna-
tive pages, or both. Before resorting to an
alternative page, reconsider the design of the
original page; making it accessible is likely to
improve it for all users.
Guideline 12. Provide context and
orientation information.
Provide context and orientation information to
help users understand complex pages or elements.
Grouping elements and providing contextual
information about the relationships between
elements can be useful for all users. Complex
relationships between parts of a page may be
difficult for people with cognitive disabilities
and people with visual disabilities to interpret.
Checkpoints:
12.1 Title each frame to facilitate frame
identification and navigation. [Priority 1]
For example, in HTML use the “title”
attribute on FRAME elements.
Techniques for checkpoint 12.1
12.2 Describe the purpose of frames and
how frames relate to each other if it is not
obvious by frame titles alone. [Priority 2]
For example, in HTML, use “longde-
sc,” or a description link.
Techniques for checkpoint 12.2
12.3 Divide large blocks of information
into more manageable groups where natural
and appropriate. [Priority 2]
For example, in HTML, use OPT-
GROUP to group OPTION elements
inside a SELECT; group form controls
with FIELDSET and LEGEND; use
nested lists where appropriate; use
headings to structure documents, etc.
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Refer also to guideline 3.
Techniques for checkpoint 12.3
12.4 Associate labels explicitly with their
controls. [Priority 2]
For example, in HTML use LABEL
and its “for” attribute.
Techniques for checkpoint 12.4

Guideline 13. Provide clear navigation
mechanisms.
Provide clear and consistent navigation mecha-
nisms—orientation information, navigation
bars, a site map, etc.—to increase the likelihood
that a person will find what they are looking for
at a site.
Clear and consistent navigation mechanisms
are important to people with cognitive dis-
abilities or blindness, and benefit all users.
Checkpoints:
13.1 Clearly identify the target of each
link. [Priority 2]
Link text should be meaningful
enough to make sense when read out
of context—either on its own or as
part of a sequence of links. Link text
should also be terse.
For example, in HTML, write “Infor-
mation about version 4.3” instead of
“click here.” In addition to clear link
text, content developers may further
clarify the target of a link with an
informative link ditle (e.g., in HTML,
the “title” attribute).
Techniques for checkpoint 13.1
13.2 Provide metadata to add semantic
information to pages and sites. [Priority 2]
For example, use RDF ([RDF]) to
indicate the document’s author, the
type of content, etc.
Note. Some HTML user agents can
build navigation tools from document
relations described by the HTML
LINK element and “rel” or “rev”
actributes (e.g., rel="next”, rel="previ-
ous”, rel="index”, etc.). Refer also to
checkpoint 13.5.
Techniques for checkpoint 13.2
13.3 Provide information about the gener-
al layout of a site (e.g., a site map or table of
contents). [Priority 2]
In describing site layout, highlight and

explain available accessibility features.
Techniques for checkpoint 13.3
13.4 Use navigation mechanisms in a con-
sistent manner. [Priority 2]
Techniques for checkpoint 13.4
13.5 Provide navigation bars to highlight
and give access to the navigation mechanism.
[Priority 3]
Techniques for checkpoint 13.5
13.6 Group related links, identify the
group (for user agents), and, until user agents
do so, provide a way to bypass the group.
[Priority 3]
Techniques for checkpoint 13.6
13.7 If search functions are provided,
enable different types of searches for different
skill levels and preferences. [Priority 3]
Techniques for checkpoint 13.7
13.8 Place distinguishing information at
the beginning of headings, paragraphs, lists,
etc. [Priority 3]
Note. This is commonly referred to as
“front-loading” and is especially help-
ful for people accessing information
with serial devices such as speech
synthesizers.
Techniques for checkpoint 13.8
13.9 Provide information about document
collections (i.e., documents comprising multi-
ple pages.). [Priority 3]
For example, in HTML specify docu-
ment collections with the LINK ele-
ment and the “rel” and “rev” attributes.
Another way to create a collection is by
building an archive (e.g., with zip, tar
and gzip, stuffit, etc.) of the multiple
pages.
Note. The performance improvement
gained by offline processing can make
browsing much less expensive for peo-
ple with disabilities who may be
browsing slowly.
Techniques for checkpoint 13.9
13.10 Provide a means to skip over multi-
line ASCII art. [Priority 3]
Refer to checkpoint 1.1 and the exam-
ple of ascii art in the glossary.
Techniques for checkpoint 13.10

Guideline 14. Ensure that documents are
clear and simple.
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Ensure that documents are clear and simple so
they may be more easily understood.

Consistent page layout, recognizable graphics,
and easy to understand language benefit all
users. In particular, they help people with cog-
nitive disabilities or who have difficulty read-
ing. (However, ensure that images have text
equivalents for people who are blind, have low
vision, or for any user who cannot or has
chosen not to view graphics. Refer also to
guideline 1.)

Using clear and simple language promotes
effective communication. Access to written
information can be difficult for people who
have cognitive or learning disabilities. Using
clear and simple language also benefits people
whose first language differs from your own,
including those people who communicate pri-
marily in sign language.

Checkpoints:

14.1 Use the clearest and simplest language
appropriate for a site’s content. [Priority 1]

Techniques for checkpoint 14.1

14.2 Supplement text with graphic or audi-
tory presentations where they will facilitate
comprehension of the page. [Priority 3]

Refer also to guideline 1.
Techniques for checkpoint 14.2

14.3 Create a style of presentation that is

consistent across pages. [Priority 3]
Techniques for checkpoint 14.3

Appendix A. — Validation

Validate accessibility with automatic tools and

human review. Automated methods are general-

by rapid and convenient bur cannot identify all
accessibility issues. Human review can help
ensure clarity of language and ease of navigation.

Begin using validation methods at the ecarliest

stages of development. Accessibility issues

identified early are easier to correct and avoid.

Following are some important validation
methods, discussed in more detail in the
section on validation in the Techniques

Document.

1. Use an automated accessibility tool and
browser validation tool. Please note that
software tools do not address all accessibil-
ity issues, such as the meaningfulness of
link text, the applicability of a text equiva-
lent, etc.
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. Validate syntax (e.g., HTML, XML, etc.).
. Validate style sheets (e.g., CSS).

. Use a text-only browser or emulator.

N N

. Use multiple graphic browsers, with:
0 sounds and graphics loaded,
0 graphics not loaded,
O sounds not loaded,
0 no mouse,
O frames, scripts, style sheets, and
applets not loaded

6. Use several browsers, old and new.

7. Use a self-voicing browser, a screen
reader, magnification software, a small
display, etc.

8. Use spell and grammar checkers. A person
reading a page with a speech synthesizer
may not be able to decipher the synthesiz-
er’s best guess for a word with a spelling
error. Eliminating grammar problems
increases comprehension.

9. Review the document for clarity and sim-
plicity. Readability statistics, such as those
generated by some word processors may
be useful indicators of clarity and simplic-
ity. Better still, ask an experienced
(human) editor to review written content
for clarity. Editors can also improve the
usability of documents by identifying
potentially sensitive cultural issues that
might arise due to language or icon usage.

10. Invite people with disabilities to review

documents. Expert and novice users with

disabilities will provide valuable feedback
about accessibility or usability problems
and their severity.

Appendix B. — Glossary

Accessible

Content is accessible when it may be used by
someone with a disability.

Applet
A program inserted into a Web page.

Assistive technology

Software or hardware that has been specifically
designed to assist people with disabilities in car-
rying out daily activities. Assistive technology
includes wheelchairs, reading machines, devices
for grasping, etc. In the area of Web Accessibil-

ity, common software-based assistive technolo-

august 2001



gies include screen readers, screen magnifiers,
speech synthesizers, and voice input software
that operate in conjunction with graphical
desktop browsers (among other user agents).
Hardware assistive technologies include alter-
native keyboards and pointing devices.

ASCII art

ASCII art refers to text characters and symbols
that are combined to create an image. For
example “;-)” is the smiley emoticon. The fol-
lowing is an ascii figure showing the relation-
flash  frequency
photoconvulsive response in patients with
eyes open and closed [skip over ascii figure or

between and

ship

consult a description of chart]:

A braille display, commonly referred to as
a “dynamic braille display,” raises or lowers
dot patterns on command from an electronic
device, usually a computer. The result is a line
of braille that can change from moment to
moment. Current dynamic braille displays
range in size from one cell (six or eight dots)
to an eighty-cell line, most having between
twelve and twenty cells per line.

Content developer

Someone who authors Web pages or designs
Web sites.

Deprecated
A deprecated element or attribute is one that
has been outdated
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by newer con-
structs. Deprecat-

ed elements may

become obsolete
in future versions

of HTML. The

index of HTML
elements and
A B @ @ attributes in the
45 50 55 B0 &5 70| Techniques Docu-

ment indicates

which elements

Authoring rool

HTML editors, document conversion tools,
tools that generate Web content from databas-
es are all authoring tools. Refer to the
“Authoring Tool Accessibility Guidelines”
([WAI-AUTOOLS]) for information about
developing accessible tools.

Backward compatible
Design that continues to work with earlier
versions of a language, program, etc.

Braille
Braille uses six raised dots in different patterns
to represent letters and numbers to be read by

people who are blind with their fingertips.
The word “Accessible” in braille follows:

and attributes are deprecated in HTML 4.0.

Authors should avoid using deprecated ele-
ments and attributes. User agents should con-
tinue to support for reasons of backward
compatibility.

Device independent
Users must be able to interact with a user
agent (and the document it renders) using the
supported input and output devices of their
choice and according to their needs. Input
devices may include pointing devices, key-
boards, braille devices, head wands, micro-
phones, and others. Output devices may
include monitors, speech synthesizers, and
braille devices.

Please note that “device-independent sup-
port” does not mean

that user agents must

-t -t o support every input or

[ ] ] .
- output device. User
agents should offer

interactions.
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redundant input and output mechanisms for
those devices that are supported. For example,
if a user agent supports keyboard and mouse
input, users should be able to interact with all
features using either the keyboard or the
mouse.

Document Content, Structure, and Presentation
The content of a document refers to what it
says to the user through natural language,
images, sounds, movies, animations, etc. The
structure of a document is how it is organized
logically (e.g., by chapter, with an introduc-
tion and table of contents, etc.). An element
(e.g., B STRONG, BLOCKQUOTE in
HTML) that specifies document structure is
called a structural element. The presentation
of a document is how the document is ren-
dered (e.g., as print, as a two-dimensional
graphical presentation, as an text-only presen-
tation, as synthesized speech, as braille, etc.)
An element that specifies document presenta-
tion (e.g., B, FONT, CENTER) is called a
presentation element.

Consider a document header, for example.
The content of the header is what the header
says (e.g., “Sailboats”). In HTML, the header
is a structural element marked up with, for
example, an H2 element. Finally, the presen-
tation of the header might be a bold block text
in the margin, a centered line of text, a title
spoken with a certain voice style (like an aural
font), etc.

Dynamic HTML (DHTML)

DHTML is the marketing term applied to a
mixture of standards including HTML, style
sheets, the Document Object Model [DOM1]
and scripting. However, there is no W3C spec-
ification that formally defines DHTML. Most
guidelines may be applicable to applications
using DHTML, however the following guide-
lines focus on issues related to scripting and
style sheets: guideline 1, guideline 3, guideline
6, guideline 7, and guideline 9.

Element

This document uses the term “element” both
in the stricc SGML sense (an element is a syn-
tactic construct) and more generally to mean
a type of content (such as video or sound) or
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a logical construct (such as a header or list).
The second sense emphasizes that a guideline
inspired by HTML could easily apply to
another markup language.

Note that some (SGML) elements have
content that is rendered (e.g., the B LI, or
TABLE elements in HTML), some are
replaced by external content (e.g., IMG), and
some affect processing (e.g., STYLE and
SCRIPT cause information to be processed by
a style sheet or script engine). An element that
causes text characters to be part of the docu-
ment is called a text element.

Equivalent

Content is “equivalent” to other content when
both fulfill essentially the same function or
purpose upon presentation to the user. In the
context of this document, the equivalent must
fulfill essentially the same function for the
person with a disability (at least insofar as is
feasible, given the nature of the disability and
the state of technology), as the primary con-
tent does for the person without any disabili-
ty. For example, the text “The Full Moon”
might convey the same information as an
image of a full moon when presented to users.
Note that equivalent information focuses on
fulfilling the same function. If the image is
part of a link and understanding the image is
crucial to guessing the link target, an equiva-
lent must also give users an idea of the link
target. Providing equivalent information for
inaccessible content is one of the primary
ways authors can make their documents acces-
sible to people with disabilities.

As part of fulfilling the same function of
content an equivalent may involve a descrip-
tion of that content (i.e., what the content
looks like or sounds like). For example, in
order for users to understand the information
conveyed by a complex chart, authors should
describe the visual information in the chart.

Since text content can be presented to the
user as synthesized speech, braille, and visual-
ly-displayed text, these guidelines require text
equivalents for graphic and audio informa-
tion. Text equivalents must be written so that
they convey all essential content. Non-text
equivalents (c.g., an auditory description of a
visual presentation, a video of a person telling
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a story using sign language as an equivalent
for a written story, etc.) also improve accessi-
bility for people who cannot access visual
information or written text, including many
individuals with blindness, cognitive disabili-
ties, learning disabilities, and deafness.
Equivalent information may be provided
in a number of ways, including through
actributes (e.g., a text value for the “alt”
attribute in HTML and SMIL), as part of ele-
ment content (e.g., the OBJECT in HTML),
as part of the document’s prose, or via a linked
document (e.g., designated by the “longdesc”
actribute in HTML or a description link).
Depending on the complexity of the equiva-
lent, it may be necessary to combine tech-
“alt” for an abbreviated
equivalent, useful to familiar readers, in addi-

niques (e.g., use

tion to “longdesc” for a link to more complete
information, useful to first-time readers). The
details of how and when to provide equivalent
information are part of the Techniques Docu-
ment ([TECHNIQUES])).

A text transcript is a text equivalent of
audio information that includes spoken words
and non-spoken sounds such as sound effects.
A caption is a text transcript for the audio track
of a video presentation that is synchronized
with the video and audio tracks. Captions are
generally rendered visually by being superim-
posed over the video, which benefits people
who are deaf and hard-of-hearing, and anyone
who cannot hear the audio (e.g., when in a
crowded room). A collated text transcript
combines (collates) captions with text descrip-
tions of video information (descriptions of the
actions, body language, graphics, and scene
changes of the video track). These text equiva-
lents make presentations accessible to people
who are deaf-blind and to people who cannot
play movies, animations, etc. It also makes the
information available to search engines.

One example of a non-text equivalent is an
auditory description of the key visual ele-
ments of a presentation. The description is
either a prerecorded human voice or a synthe-
sized voice (recorded or generated on the fly).
The auditory description is sysnchronized
with the audio track of the presentation, usu-
ally during natural pauses in the audio track.
Auditory descriptions include information
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about actions, body language, graphics, and
scene changes.

Image
A graphical presentation.

Image map

An image that has been divided into regions
with associated actions. Clicking on an active
region causes an action to occur.

When a user clicks on an active region of a
client-side image map, the user agent calcu-
lates in which region the click occurred and
follows the link associated with that region.
Clicking on an active region of a server-side
image map causes the coordinates of the click
to be sent to a server, which then performs
some action.

Content developers can make client-side
image maps accessible by providing device-
independent access to the same links associat-
ed with the image map’s regions. Client-side
image maps allow the user agent to provide
immediate feedback as to whether or not the
user’s pointer is over an active region.

Important

Information in a document is important if
understanding that information is crucial to
understanding the document.

Linearized table

A table rendering process where the contents
of the cells become a series of paragraphs (e.g.,
down the page) one after another. The para-
graphs will occur in the same order as the cells
are defined in the document source. Cells
should make sense when read in order and
should include structural elements (that create
paragraphs, headers, lists, etc.) so the page
makes sense after linearization.

Link text
The rendered text content of a link.

Natural Language

Spoken, written, or signed human languages
such as French, Japanese, American Sign Lan-
guage, and braille. The natural language of
content may be indicated with the “lang”
attribute in HTML ([HTML40], section 8.1)
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and the “xml:lang” attribute in XML ([XML],
section 2.12).

Navigation Mechanism
A navigation mechanism is any means by
which a user can navigate a page or site. Some
typical mechanisms include:
navigation bars
A navigation bar is a collection of links to
the most important parts of a document or site.
U site maps
A site map provides a global view of the
organization of a page or site.
table of contents
A table of contents generally lists (and links

to) the most important sections of a document.

Personal Digital Assistant (PDA)

A PDA is a small, portable computing device.
Most PDAs are used to track personal data
such as calendars, contacts, and electronic
mail. A PDA is generally a handheld device
with a small screen that allows input from var-
ious sources.

Screen magnifier

A software program that magnifies a portion
of the screen, so that it can be more easily
viewed. Screen magnifiers are used primarily
by individuals with low vision.

Screen reader

A software program that reads the contents of
the screen aloud to a user. Screen readers are
used primarily by individuals who are blind.
Screen readers can usually only read text that
is printed, not painted, to the screen.

Style sheets
A style sheet is a set of statements that specify
presentation of a document. Style sheets may
have three different origins: they may be writ-
ten by content providers, created by users, or
built into user agents. In CSS ([CSS2]), the
interaction of content provider, user, and user
agent style sheets is called the cascade.
Presentation markup is markup that
achieves a stylistic (rather than structuring)
effect such as the B or I elements in HTML.
Note that the STRONG and EM elements are

not considered presentation markup since

interactions.
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they convey information that is independent
of a particular font style.

Tabular information

When tables are used to represent logical rela-
tionships among data—text, numbers,
images, etc., that information is called “cabu-
lar information” and the tables are called
“data tables.” The relationships expressed by a
table may be rendered visually (usually on a
two-dimensional grid), aurally (often preced-
ing cells with header information), or in oth-

er formats.

Until user agents...

In most of the checkpoints, content develop-
ers are asked to ensure the accessibility of their
pages and sites. However, there are accessibili-
ty needs that would be more appropriately
met by user agents (including assistive tech-
nologies). As of the publication of this docu-
ment, not all user agents or assistive
technologies provide the accessibility control
users require (e.g., some user agents may not
allow users to turn off blinking content, or
some screen readers may not handle tables
well). Checkpoints that contain the phrase
“until user agents...” require content develop-
ers to provide additional support for accessi-
bility until most user agents readily available
to their audience include the necessary acces-
sibility features.

Note. The W3C WAI Web site (refer to
[WAI-UA-SUPPORT]) provides information
about user agent support for accessibility fea-
tures. Content developers are encouraged to
consult this page regularly for updated

information.

User agent

Software to access Web content, including
desktop graphical browsers, text browsers,
voice browsers, mobile phones, multimedia
players, plug-ins, and some software assistive
technologies used in conjunction with
browsers such as screen readers, screen magni-
fiers, and voice recognition software.
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Requirements Analysis

Analyze

Activities of the workplace:

What goals do individuals or groups pursue?
What tasks do they perform?
What actions do they carry out.

Artefacts of the workplace:

What information is retrieved or created in these work activities?
What tools are being used?

Social context of the workplace:

How are individuals and groups organized into larger structures?
What roles are defined (implicitly or explicitly)?
How do people depend on each other in achieving their goals?

Involve all stakeholders (users, customers, management, owners...)



Early prototyping helps in the requirements analysis phase.



Tool systems for user interface design
and development

0. Paper and pencil; whiteboard/blackboard and post-its

1. Drafting tools:
* Presentation software (MS Powerpoint,...)
 Hypermedia authoring tools (MacroMedia Director, Asymetrix
Toolbook,...)

2. "GUI builders" (Visual Basic/C++, Borland Delphi, Symantec
Cafe,...)

3. WYSIWYG web authoring tools

3. GUI toolkits (MS Windows Developers' Toolkit, MacApp, OSF
Motif, ...)

4. Scripting Languages (Tcl/Tk)
5. Critiquing Tools
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