Usability, Affordance, and Usability
Principles

Visual affordances and constraints
Conceptual models

Causality and other mappings
The principle of feedback

Constraints



Daily Challenges

‘QA

404 Y

How many of you can use all the functionality in your
*VCR
* Digital watch
« Copy machine
* Stereo system
« Plumbing fixtures




What Is Usability?

User satisfaction
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Efficiency and effectiveness (user tasks)
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Importance Of Usability: Cost Of
Using A Computer

Costs from a technical perspective
» Hardware costs
« Software costs

Costs from the user’s perspective (personware)
* Training costs
* Daily usage



Usability goals

Effective to use
Efficient to use
Safe to use

Have good utility
Easy to learn

Easy to remember how to use



Fun Examples

Leitz slide projector
« To move forward, short press
« To move backward, long press

What happens when you get frustrated?



Fun Examples

Doors




Fun Examples

Phones

How do you

- transfer a call

- change volume
- store a humber




Location of Controls

Display

Headset Jack (p. 28)

'
1
1
)
'
'
.
.
Il

One-Touch Auto Dial
Buttons (p. 20)

Button (p. 24) Display (p. 5)

Button
(p. 21,23)

7

MIC (Microphone) Button (p. 16)
(p. 13)
Button
VOLUME ), A Buttons (p. 9, 16, 20)
(p. 14, 29)
Button
Button (p. 18, 22, 24) (p. 14, 25)

(SP-PHONE (Speakerphone) /HEADSET ] (FLASH] Button (p. 24)
Button and Indicator (p. 13, 15, 29)
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(This display shows all of the possible configurations.)

0i5-30 During a conversation, the call durat.lon is displayed..
(Example 15 mlnutes 30 seconds)

uoneiedaid

-‘) The unit is in the programming mode (p 9, 16, 20)

The AUTO button was pressed while dialing or storing phone
numbers for the Speed Dialer (p. 16, 19).

—>e
-~ The LOWER button was. preesed (p. 21, 23).

B  Theringer is set to OFF (p. 10). 5

® The MUTE button was pressed dunng a conversation (p. 24).
~Q Thedial lock mode is set To canoel the mode see page 27.
,': The FLASH button was pressed while storing phone numbers.

™  The PAUSE button was pressed while dialing or storing phone
/ numbers.

) You pressed [¥) while dialing or storing phone numbers in the
{  TONE mode.

You pressed (#) while dialing or storing phone numbers in the
TONE mode

1 Whlle stonng a phone number inan UPPEH memory locatlon for
the One-Touch Dialer, “ = " will appear when you press a
one-touch auto dial button (p. 20).

While storing a phone number in a LOWER memory location for
12t the One-Touch Dialer, “ @ " will appear when you press a
one-touch auto dial button (p. 21).

I= 1 The MUTE button was pressed as a secret button while storing
L 7 2! phone numbers (p 18, 22)

Whlle programming function items, such as the dialing mode,
L " will flash as a cursor.



Changing Ringer Volume

Press “Program”

Press “6”

Set volume
eLow - Press “1”
e Medium - Press “2”
*High - Press “3”

Press “Program”



Important Concepts

Affordances
Visibility
Conceptual models
Mapping
Feedback

Constraints



Visual Affordances

How something looks indicates how it’s can be used
« Chair for sitting
» Table for placing things on

- Knobs for turning \H |
« Slots for inserting things into (\\ I
« Buttons for pushing A

Complex things may need explaining, but simple things
should not

« When simple things need pictures, labels, instructions, then design has
failed

 Their usage should be obvious based upon their appearance




Visual Affordances: Computer Audio

Uses a familiar idiom and metaphor

Sliders for
sliding

Buttons for
pressing (Is

this a button”

AUDIOSTATION 32 "ﬁf""{%ar:h. L@ = |1t {ﬁ

AU, MIXER
1111

Yalumme
Cortral

IIntitled
Track 2 0z:41
noo:on 1+

Dials for
turning

What's this
button do?



Visual Affordances: Telephony

Visual
affordances for

Is this a Abutton is for window controls
graphic or a pressing, but what are missing!
control? does this one do?

- --ﬂ
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\‘ Text is for editing,

but you can’t do
that here




Visual Affordances: Multi-Media

Handles are for lifting, but these are for scrolling

Rack ¥ aect Conttol

Ynlime Crntenl i 1

Click the lefl and right handle to scroll controls
=~ )
] F Record _Jj _Jl >
Effect I SReuer l “Choru

From AudioRack 32, a multimedia application



Visual Constraints

Limitations on the actions possible which are perceived from
an object’s appearance

Push or pull? Which side? Push or pull? Push or pull?

Which side? Which side?



Visual Constraints: Calendar Controls

SFomi  EEE
Date:
Month  Dap  Year
May |22 |1997
Month  Dap  Year

May =22 #|[1997 |

Appointment

General l Attendees ] Motes ] Planrer l

When

Start: | 8 :304M 5 |wed 5 M4 /97 7

End: | 4:30PM 5 |wed 5 A4 /97 7
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Visibility

When functionality is hidden, problems in use occur
» Occurs when number of functions is greater than number of controls

When capabilities are visible, it does not require memory of
how to use
* Remind person how to use something



Make things visible

By looking, the user can tell the state of the device and the
alternatives for action.



Simple Example —

Electric plugs j @

What if both sides were “big” and you had to
remember which side the “small” one went into?

| [ ]




Simple Example

Bathroom faucets

«Two functions
- Hot/cold
- Pressure



Bathroom Faucets 1

Can you figure
out how to use
it?

Are two functions
clear and
independent?




Bathroom Faucets 2

Can you figure
out how to use
it?

Are two functions
clear and
independent?




Bathroom Faucets 3

Can you figure
out how to use
it?

Are two functions
clear and
independent?




From:
www.baddesigns.com

Visibility

* This is a control panel for an elevator.
* How does it work?
e Push a button for the floor you want?

* Nothing happens. Push any other button? Still
nothing. What do you need to do?

It is not visible as to what to do!



Visibility

...you need to insert your room card in the slot by the
buttons to get the elevator to work!

How would you make this action more visible?

* make the card reader more obvious

 provide an auditory message, that says what to do (which
language?)

* provide a big label next to the card reader that flashes when
someone enters

* make relevant parts visible
* make what has to be done obvious



Visibility

2 tl-rn"ru:rr

www.baddesigns.com



Provide a good conceptual model

A conceptual model allows the user to simulate the operation
of the device.

A good conceptual model allows the user to predict the
effects of their actions.



Design
Model

Designer

User’s
Model

User

Documentation

System

System
Image




Conceptual Models

People have “mental models” of how things work

Conceptual models built from:
 Affordances and constraints
« Mappings and causality
 Transfer effects
 Population stereotypes/cultural standards
* Instructions
* Interactions

Models may be wrong, particularly if the above attributes
are misleading

Models allow people to mentally simulate operation of device



Conceptual Models




Conceptual Models




Designing A Good Conceptual Model

Communicate model through visual image
« Visible affordances and constraints
« Clear causality of interactions
« Consider cultural idioms, transfer effects
 Instructions augment visuals

Designer Operator

Together all these things indicate what can be done and how
to do it

Dilbert © United Feature Syndicate, Inc.



An Example Of Good Design: Scissors




Example Of A Bad Design: Digital Watches




The Principle of Mapping

The relationship between two things

Natural mapping
 Physical analogies
» Cultural standards



Car speaker control




Good mappings

It is possible to determine the relationships between:
* Actions and results
* Controls and their effects
* The system state and what is visible



Mapping

Relationship between controls and their movements and the
results in the world

Why is this a poor mapping of control buttons?

<<=




Mapping

Why is this a better mapping?

< <J =] 1P

The control buttons are mapped better onto the sequence of actions of
fast rewind, rewind, play and fast forward




Mappings




Guess Which Switch Controls The Screen?

www.baddesigns.com



How Do You Play The CD?

www.baddesigns.com









Mappings

From www.baddesigns.com



Mappings

The set of possible relations between objects:

 The relation between the control and what is being controlled e.g.,
relationship between the burners and the mimic diagrams on a stove

 Cause and effect relationships e.g., turn the car’s steering wheel right and

the car goes right.

Arbitrary

Paired

Full mapping

O O OO

back front back front
right left left right

QO O ()R

back front front back

0y
) (00
0 (1)

S

24 possibilities, requires:

-visible labels
-memory

A a7
NS

2 possibilities per side

=4 total possibilities




Mappings: Drawing Tools

Cursor re-enforces
selection of current
item

Only active
palette items
fully visible

Depressed
button
indicates
currently
mapped item



The Principle of Feedback

Sending back information to the user on what has been done.

The user should receive full and continuous feedback about
results of actions.



Feedback

Sending information back to the user about what has been done

Includes sound, highlighting, animation and combinations of these

* .. when screen button clicked on provides sound or red highlight feedback:

Previous| — “click”

Previous ' F’reviuusl




Causality

The thing that happens right after an action is assumed to
be caused by that action
* Interpretation of “feedback”

« False causality
- Incorrect effect




Causality

- Invisible effect

[ Re: changeofemail N = k. J
| File Edt View Inset Format Tools Message Help L

|22 0 U R & F|8 Y |5 G b

Send Cut Copy Patte Undo | Check Spelling | Attach Priority Sign  Encrypt Offline

From: mj@cpsc.ucalgary.ca  (imaps.cpsc.ucalgary.ca) 3
@ 7To: |heywood

@cc |

@scc: |

Subject: [Re: change of email

|»

Okay dude I'll update my address books |

Ciao for now!
J:




_ack Of Causality

*No apparent cause-effect relation
* Ok does nothing!
« Effects visible only after the “exe” button 1s pressed

Awkward to find appropriate color level

 026-oct00-sw =10 x|

File Edit Retouch Help

File Edit Retouch Help

;e ‘

- )
ol T
Color Balance x| Color Balance x|

R ] i 21191 oK Cancel R | 2119 oK Cancel
CEE = E Glad m s
Hyss = ol Exec Help Aead el mfd Exec Help




Transfer Effects

People transfer their learning/expectations of similar objects
to the current object:

 Positive transfer

Ly v
 {
- .l

.

Microsoft*

Word

Microsoft Office xp Bl

This product is licensed to:

tamj
University of Calgary
54185-640-1133067-17775

Copyright® Microsoft Corporation 13832001,
Alvights reserved, This program is pretected by US and
intematianal copyright laws a5 descibed in Help About,




Transfer Effects




Population Stereotypes

Populations learn idioms that work in a certain way
- Red means danger
- Green means safe

 But idioms vary in different cultures!
- Driving
North America: drive on the right side of the road
Europe: drive on the left side of the road

* Ignoring/changing stereotypes?
- Calculators vs. phone number pads: which should computer keypads follow?

« Difficulty of changing stereotypes
- Qwerty keyboard: designed to prevent jamming of keyboard
- Dvorak keyboard (’30s): provably faster and more efficient to use



Cultural Associations And Icon Design

Because a trashcan in Thailand may look like this:

A Thai user is likely to be confused by this |
Image popular in Apple interfaces: ]m

Sun found their email icon problematic for some
American urban dwellers who are unfamiliar with
rural mail boxes.




Cultural Associations

A Mac user finds a Windows system only somewhat familiar

EX untitled - Paint

File Edit “iew Image Optionz Help
7 |
2|
|7 A
ol A
AN I
(/4
) ] [
F— ‘ :
*"}" = EEHI;&E%;"?-‘"'E;;F ;[ dl | _>|_I
o I S I
S CCRCECERCECERE

|F|:|r Help. click Help Topics on the Help bMenu. |-5::E A




Individual Differences: Who Do You Design For?




Individual Differences: Who Do You Design For?
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Individual Differences: Who Do You Design For?

People are different
It is rarely possible to accommodate all people perfectly

Rule of thumb:

* Designing for the average is a mistake
- May exclude half the audience

* Design should cater for 95% of audience (ie for 5th or 95th percentile)
- But means 5% of population may be (seriously!) compromised

Examples:
« Cars and height: headroom, seat size

« Computers and visibility:
- Font size, line thickness, alternatives to color for color blind people?



Proverbs On Individual Differences

You do NOT necessarily represent a good representative
user of equipment or systems you design.

Do not expect others to think and behave as you do, or
as you might like them to.

People vary in thought and behaviour just as they do
physically.




Who Do You Design For And Individual Differences

Computer users:

* Novices

e Casual

e Intermediate

« Expert

Walk up and use systems
Interface affords restricted set of tasks
Introductory tutorials to more complex uses

Standard idioms
Recognition (visual affordances) over recall
Reference guides

Advanced idioms
Complex controls
Reminders and tips

Shortcuts for power users
Interface affords full task customization

most kiosk +
internet
systems

most shrink-
wrapped
systems

custom
software




wWhy Design Is Hard

1) The number of things to control has increased
dramatically

1950's — 1970's

AUTO REIVENEC
NEMOTE CONTROL
HGH PONCR




Why Design Is Hard (2)

2) Displays are sometimes overly abstract
» Red lights in car indicate problems vs. flames for fire




Why Design Is Hard (3)

3) Feedback can be more complex, subtle, and less natural
« Is your digital watch alarm on and set correctly?
 Is the phone in call forwarding mode?

4) Errors increasingly serious and/or costly
« Airplane crashes, losing days of work...



Why Design Is Hard (4)

...Costly errors:

From InfoWorld, Dec °86
* “London—

An inexperienced computer operator pressed the wrong key on a terminal in early
December, causing chaos at the London Stock Exchange. The error at [the
stockbrokers office] led to systems staff working through the night in an attempt
to cure the problem”

,;-;’%’!, 2 .]
.,-)-. .m0 ._

jw, W _.¥
gt

Image from the book “Wall Street” published by New York Distributors



Why Design Is Hard (5)

5) Marketplace pressures

« Adding functionality (complexity) now easy and cheap
- Computers

« Adding controls/feedback expensive
- Physical buttons on calculators, microwave ovens
- Widgets consume screen real estate

« Design usually requires several iterations before success
- Product pulled if not immediately successful


http://images.google.ca/imgres?imgurl=www.abertpoindexter.com/images/marketing.jpg&imgrefurl=http://www.abertpoindexter.com/marketing.htm&h=256&w=205&prev=/images%3Fq%3D%2522marketing%2522%26svnum%3D10%26hl%3Den%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8%26safe%3Doff%26sa%3DN
http://images.google.ca/imgres?imgurl=www.abertpoindexter.com/images/marketing.jpg&imgrefurl=http://www.abertpoindexter.com/marketing.htm&h=256&w=205&prev=/images%3Fq%3D%2522marketing%2522%26svnum%3D10%26hl%3Den%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8%26safe%3Doff%26sa%3DN

Why Design Is Hard (5)

6) People often consider cost and appearance over designing
with Human Factors in mind

« Bad design not always visible or obvious

www.baddesigns.com



Why Design Is Hard (6)

...Cost and appearance over Human Factors design

e.g., the wave of cheap telephones:
- Accidentally hangs up when button hit with chin
- Bad audio feedback
- Cheap pushbuttons—mis-dials common
- Trendy designs that are uncomfortable to hold
- Hangs up when dropped
- Functionality that can’t be accessed (redial, mute, hold)

7) People tend to blame themselves when errors occur

- “I was never very good with machines”
- “I knew I should have read the manual!”
-  “Look at what I did! Do I feel stupid!”

From “The Simspons”


http://images.google.ca/imgres?imgurl=newspringfield.com/pictures/stars/krustycoverhisfaceinembarassment.gif&imgrefurl=http://newspringfield.com/pictures/pictures03.shtml&h=309&w=211&prev=/images%3Fq%3Dembarrassed%26svnum%3D10%26hl%3Den%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8%26safe%3Doff
http://images.google.ca/imgres?imgurl=newspringfield.com/pictures/stars/krustycoverhisfaceinembarassment.gif&imgrefurl=http://newspringfield.com/pictures/pictures03.shtml&h=309&w=211&prev=/images%3Fq%3Dembarrassed%26svnum%3D10%26hl%3Den%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8%26safe%3Doff

Human Factors In The Design Of Computers

What does this do?

T

00NN 000N ONO0 OO0 - -~ O
JE tog

le=E
| din £5

« Computers are far more complex to control than most physical devices
 General purpose computer contains no natural conceptual model
« Completely up to the designer to present a good model to the user



What You Know Now

Many so-called human errors are actually errors in design
* Don’t blame the user!

Designers help make things easier to use by providing a good
conceptual model

 Affordances

« Constraints

» Mapping and causality

* Positive transfer

 Population stereotypes and cultural associations

Design to accommodate individual differences
 Decide on the range of users

Good design is difficult for a variety of reasons that go
beyond design-related issues



Assignment for next week

Find a real world object with a design flaw
Take a picture of the real world object
Describe the design flaw(s) in a couple of sentences

Submit a 1 page report via ODTU-Class

Start forming your project groups and decided on a
project idea as early as possible



