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Administrivia

o HW Assignment 5 - Due 5/5 (Friday)!

® Course Evaluations - Open Until Sunday May 7th.

® Optional Final Exam Review Session: During

Office Hours Monday and Thursday next week.

® [uesday - React Review

® [Hursday - User Centered

Design

Review



Overview of Information Visualization




Joday

e \Vhat types of information visualization are there”?
® \/Vhich one should you choose?

e \\Vhat principles and guidelines inform the design of information
visualizations?

® How can interactivity be used to design better information
visualizations?




Cholera Epidemic in London, 1854

e >500 fatal attacks of cholera in 10 days
® (Concentrated in Broad Street area of London
® Many died in a few hours
e Dominant theory of disease: caused by noxious odors

o Afflicted streets deserted by >75% inhabitants




SCALR 30 INCHES TO A MILE.






Investigation and Aftermath

Based on visualization, did case by case investigation

Found that 67 / 83 positive identified as using well water from
Broad Street pump

Board ordered pump-handle to be removed from well

Epidemic soon ended

Solved centuries old question of how cholera spread



Methods used by Snow

e Placed data in appropriate context for assessing cause & effect

e Plotted on map, included well location

® Reveals proximity as cause

e Made quantitative comparisons
® Fewer deaths closer to brewery, could investigate cause

e Considered alternative explanations & contrary cases

® |nvestigated cases not close to pump, often found connection to pump

® Assessment of possible errors in numbers




Amplifying Cognition

e |nformation Visualization can amplify cognition by:

1. Increasing the memory and processing resources available to users

2. Reducing the search for information

3. Using visual representations to enhance the getection of patterns

4. Enabling perceptual inference

5. Using perceptual attention mechanisms for monitoring

6. Encoding Information in a manipulable meadium
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METe

DING

Data to Visual Form
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Designing an Information Visualization

Visual Form

Visual View
Mappings Transformations

Human Interaction

Raw Data: idiosyncratic formats

Data Tables: refations (Cases by variables) « metadata

Visusl Structures: spatial substrates + marks « graphical propertios
Views: graphical parameters (position, scaling, clipping. ... )
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Types of Raw Data

e Nominal - unordered set without a quantitative value

® (Gender: male, female
® Hair color: brown, black, blonde, gray, orange, ...

e Ordinal - ordered set, with no meaning assigned to differences

® How do you feel today: very unhappy, unhappy, ok, happy, very happy

® Undefined how much better happy Is than ok

e Quantitative - numeric value

® Height, weight, distance, ...

13




Data Transformations

e Classing / binning: Quantitative —> ordinal

® Maps ranges onto classes of variables

® (Can also count # of items in each class w/ histogram
e Sorting: Nominal —> ordinal
® Add order between items In sets

® Descriptive statistics: mean, average, median, max, min, ...

14




Example Uses of a Data [ransformation

a. Record

Timestamp Input method Action Prop.

00000741 |
0000000a |
00000015 |
000002bf

0000007e |
00000000 |

|
3. GUI events |

.831651] /dev/input/eventO: 00000017 |
.831651] /dev/input/eventO: 0000035a|
.831651] /dev/input/eventO: 00000147
.831681] /dev/input/eventO: 00000000

.457322] /dev/input/eventO:
.457353] /dev/input/eventO:
.457383] /dev/input/eventO:
.457383] /dev/input/eventO:
.457383] /dev/input/eventO:
.457414] /dev/input/eventO:

2. getevent
command

Data Collector GUI tree

| TaskListActivity.Main.id/editor_action_cancel#CLICK.android-widget-TextView

Events EditTaskActivity.Main.id/textl#CLICK.android-widget-EditText

Clusterer IEditTaskActivity.Keyboard.id/keyboard_view#CLICK.com—android—inputmethod—keyboard—..

|TaskListActivity.id/content#CLICK.android—widget—FrameLayout

| ViewTaskActivity.Main.id/editor_action_cancel#CLICK.android-widget-TextView

IEditTaskActivity.Main.id/buttonl#CLICK.android—widget—Button
EditTaskActivity.Main.id/numberpicker input#SWIPE-DOWN-LEFT.android-widget-EditText

| EditTaskActivity. .id/delete_task#CLICK.android-widget-TextView

uiautomator

Device

Input 6. Event-sequence
commands

generator

hierarchyviewe
r2lib.jar

. Tokens

9. Tokens
vocabulary _v_
(static) ~— =

»|
>
k-—

(APK Analyzer .ﬁ.

o] |

[ dex2jar ][ Procyon | [ apktool |J

8. APP (APK file)

C. G%-nerate

FJ_ - 12. Event-

| sequences

L_,'

Sequences 'ﬁ'
generator

11. Model

-
- ) o

10. Vocabulary +

Model 'ﬁ'

generator/extractor

i

Chimp &

ADB

uiautomator

14. Input
commands

- e

S
| Actionable

Input

commands
generator

hierarchyvie
wer2lib.jar

GUI tree

| scenarios '

Device

IEditTaskActivity.
IEditTaskActivity.
| EditTaskActivity.
|EditTaskActivity.
- EditTaskActivity.

A EditTaskActivity.
| EditTaskActivity.
|EditTaskActivity.

Main.id/content#CLICK.android-widget-FrameLayout
Main.id/textl#CLICK.android-widget-EditText
Keyboard.id/keyboard view#CLICK.com-android-inputmethod. ..
Main.BACK MODAL#CLICK
Main.id/content#CLICK.android-widget-FrameLayout
Main.id/content#CLICK.android-widget-FrameLayout
Main.id/content#SWIPE-UP-LEFT.android-widget-FrameLayout
BACK_MODAL#CLICK

tap 29 308
tap 5 167
tap 29 308
text 'h5'
keyevent 4
tap 5 167
tap 5 167
touchscreen swipe
keyevent 4
tap 684 167
tap 308 167

1195 1824 5 167 O

Input commands for a target device




Visual Structures

® 3 components
® spatial substrate
® marks

® marks’ graphical properties
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Spatial Substrate

® Axes that divide space

® [ypes of axes - unstructured,
nominal, ordinal, quantitative

e Composition - use of multiple
orthogonal axes (e.g., 2D
scatterplot, 3D)
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MERE

e Points (OD)
® [ines (1D)
® Areas (2D)

e \/olumes (3D)
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Marks' Graphical Properties

e Quantitative (Q), Ordinal (O), Nominal (N)

e Filled circle - good; open circle - bad

_Spatial - Object ARG Tl

TR S S R SRR A £ AR AR R B PSS S SR e b e B A AT ity

(Posmon) ---I--~l----| Gray Scale j l B [
Size @ @ o -

Extent

Color | B . [

-/ ' \ Texture | & 7 B
feren-
tial Shape .*.’

nif. [Prientation
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—ffectiveness of (Gra

dhical Properties

e Quantitative (Q), Ordinal (O),

Extent

ifferential
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Nominal (N)

e Filled circle - good; open circle - bad

Object

Grayscale

Texture

Q O N




Animation

® \/isualization can change over time
® Could be used to encode data as a function of time
® But often not effective as makes direct comparisons hard

e Can be more effective to animate transition from before to after as
user configures visualization

21




—xamples of Visualizations
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Time-series Data
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Stacked Graph

® Supports visual summation of multiple components

Agriculture

Busingss services

Constructon

Educaton and Heanh

Finance

i Government
Information

Lesure and hospitaity

Manutacturing

Mining and Extraction
Other

Set-employed
Transporiation and Utiities

Wholesale and Retall Trade

2001 2002 2003 2004 2005 2007 2008 2009 2010




Small Multiples

® Supports separate comparison of data series

e May have better legibility than placing all in single plot

__M

Agriculture Business services

;AM

Construction Education and Health

M

Government

M

Information Leisure and hosphality
Manutacturing Mining and Extraction
Self-employed

MM

Transporation and Utilities Wholesale and Retall Trade
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Maps
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Choropleth Map

e (Groups data by area, maps to color
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Cartograms

® Encodes two variables w/ size & color
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Cartograms

® Encodes two variables w/ size & color
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Hierarchies
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Node Link Diagram
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Dendrogram

® | eaf nodes of
hierarchy on edges of
circle
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FeCmaps
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Treema
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Networks
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-orce-directed Layout

® Edges function as springs, find least energy configuration
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AC

Jacency Matrix
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Design Consic

erations
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Tufte’s principles of graphical excellence

40

Show the data

Induce the viewer to think albout the substance rather than the methodology
Avoid distorting what the data have to say

Present many numbers in a small space

Make large data sets coherent

Encourage the eye to compare different pieces of data

Reveal data at several levels of detail, from overview to fine structure

Serve reasonable clear purpose: description, exploration, tabulation,
decoration




Distortions in Visualizations

® \/isualizations may distort the underlying data, making it harder for
reader to understand truth

® Use of design variation to try to falsely communicate data variation

41



Example

OPERATING .~ NET INCOME EXPLORATION &

REVENUES S e (LOSS) DEVELOPMENT
| EXPENDITURES

$1,647.001

$1.4 35 i02 $1.226,007
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Nobel Prizes Awarded in Science,
for Selected Countries, 1901-1974
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Example (corrected)

Nobel Prizes Awarded in Science,
for Selected Countries,1901-1974

Nobel Prizes Awarded in Science,
for Selected Countries,1901-1980

(Number of Prizes) (Number of Prizes)

30

o

L
e Germany

0

United States

United Kingdom
@

feo,, ~'
France y LK
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Example
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Trac

tional Electoral Map
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Data-ink

e Data-ink - non-redundant ink encoding data information

Data-ink

Data-ink ratio

Total ink used to print the graphic

proportion of a graphic’s ink devoted to the
non-redundant display of data-information

1.0 - proportion of a graphic that can be erased
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dles of Data-ink Ratio

P
R
E
D
|

C
T
E
D

49

Relationship of Actual Rates of Registration to Predicted Rates
(104 cities 1960)
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Design Principles for Data-ink

® (a.k.a. aesthetics & minimalism / elegance & simplicity)

® Above all else show the data

® frase non-data-ink, within reason
e (ften not valuable and distracting

e Redundancy not usually useful

50




Exam
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Interacting with Visualizations
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Interactive Visualizations

® Users often use iterative process of making sense of the data

® Answers lead to new questions

® |nteractivity helps user constantly change display of information to
answer new qguestions

e Should offer visualization that offers best view of data moment to
moment as desired view changes

54



Information Visualization Tasks

® Overview: gain an overview of entire collection

® Zoom: zoom Iin on items of interest

® Fjlter: filter out uninteresting items

® Details on Demand: select an item or group and get detalls

® Relate: view relationships between items

® History: support undo, replay, progressive refinement

® Extract: allow extraction of sub-collections through queries

55




Global Tweet Map

q TWEET MAP Search hashtags and tweets... Learn more about MapD TOP HASHTAGS
D

#iheartawards

731,180

#bestfanarmy

»
«
L ]
, v #teambts
& 168,392
§ s
Y #nowplayin
o /{t, ' P'V g
t DR - - A -
S

https://www.mapd.com/demos/tweetmap/
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https://www.mapd.com/demos/tweetmap/

Renting vs. Buying Utllity

Is It Better to Rent or Buy?

By MIKE BOSTOCK, SHAN CARTER and ARCHIE TSE

The choice between buying a home and renting one is among the biggest financial
decisions that many adults make. But the costs of buying are more varied and
complicated than for renting, making it hard to tell which is a better deal. To help you
answer this question, our calculator takes the most important costs associated with
buying a house and computes the equivalent monthly rent. Rreiatep armicLe

) If you can rent a similar
Home Price home for less than ...

A very important factor, but not the

only one. Our estimate will improve $75 1 PER
as you enter more details below. MONTH

... then renting is better.

9 years

$208,000

How Long Do You Plan to Stay?

Buying tends to be better the longer you stay because the upfront fees are spread
out over many years.

How to Read the Charts Charts

flat indicate facto

important to the

What Are Your Mortgage Details?

In addition to the interest rate and down payment, the calculator takes into
account the mortgage-interest tax deduction.

3.67%

Mortgage rate

https://www.nytimes.com/interactive/2014/upshot/buy-rent-calculator.ntml|? r=0



https://www.nytimes.com/interactive/2014/upshot/buy-rent-calculator.html?_r=0

SWE 432 - Web
Application

Develo

pment

George Mason
M University

Instructor:
Dr. Kevin Moran

Teaching Assistant:
Oyindamola Oluyemo

Class will start in:

10:00



Final Exam

® [uesday, May 16th,4:30pm-7:10pm, This Room

® 3 Parts, In-class exam, closed book, 200 points total

® Part 1: Multiple Choice Questions

® Part 2: Short Answer

® Lither provide program output, or answer in a few short
sentences

® Part 3: Multi-Part Code Question (implementing a simple Front-
End in React)

e Covers material from weeks 7-14, from both lectures and readings

59




Multiple Cholice

® /5 Points -15 Questions
® -5 on React/CSS
o ~2 on Deployment
e -3 on User-Centered Design

o \\ill Cover likely question material today

60




Short Answer

® /5 Points - 5 Questions
® 1 Question on HTML/CSS (What is output)
® 1 Question on Sketching and Prototyping
® 1 Question on applying Heuristic Evaluation
® 1 Question on Critiquing Visual Design
® 1 Question on Ul Evaluations

o Will Cover likely question material today

61



Coding Question

® 50 Points - 1 Question (Multiple Parts)

® |mplement a React Component

® \Vill have interaction between two components

® Ve will provide Example Code

® You are free to use either Class-based or

—unctiona

Components (example code will be provic

® | will provide an example guestion

62
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Week |0 - React
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Review: Com

Donents

® \\Web pages are complex, with
lots of logic and presentation

® How can we organize web
page to maximize modularity?

e Solution: Components

® [emplates that correspond to

a specific widget

® Encapsulates related logic &
presentation using language
construct (e.qg., class)

64

Home

Explore

Notifications

Messages

Bookmarks

Lists

Profile

More

Kevin Moran
714 Tweets

Edit profile

Kevin Moran

Assistant Professor @GMUCompSci, @holy_cross & @williamanc
Software Engineering Researcher, Director of @SageSELab

© Fairfax, VA & kpmoran.com [ Joined April 201

622 Following 482 Followers

Tweets Tweets & replies

T3 You Retweeted

Emma Tosch, not a thought leader. @ ToschEmma - Aug 19

Are you a new-ish faculty member in a CS-ish discipline who is recruiting
graduate students for the 2022-23 academic year? If yes, consider
participating in the second annual phd-recruiting.com event! Interest
form here:

- PhD Recruiting Faculty Questionnaire
We are once again organizing a PhD recruiting
event for new CS/Informatics faculty who are ...
docs.google.com

T3 You Retweeted




Anatomy of a React Component

class Toggle extends React.Component {
constructor(props) {
super(props);
this.state = {isToggleOn: true};

// This binding is necessary to make "this work in the callback
this.handleClick = this.handleClick.bind(this);

}

handleClick() {
this.setState(prevState => ({ isToggleOn: !prevState.isToggleOn }));

}

render() {
return (

<button onClick={this.handleClick}>
{this.state.isToggleOn ? 'ON' : 'OFF'}

</button>

);
¥

}

ReactDOM. render (
<Toggle />, document.getElementById('root"')

)

https://reactjs.org/docs/handling-events.html

65


https://reactjs.org/docs/handling-events.html

VWhat Is state!?

e All internal component data that, when changed, should trigger Ul
update

e Stored as single JSON object this.state

e \What isn’t state?
® Anything that could be computed from state (redundant)
® Other components - should build them in render

® Data duplicated from properties.

66



Properties vs. State

® Properties should be immutable.

e Created through attributes when component is instantiated.
e Should never update within component

® Parent may create a new instance of component with new properties

class Welcome extends React.Component {
render() {
return <hl>Hello, {this.props.name}</hl>;
s
I3

® State changes to reflect the current state of the component.

e (Can (and should) change based on the current internal data of your component.

67




Working with State

e Constructor should initialize state of object

constructor(props) {
super(props);
this.state = {date: new Date()};
¥

® Use this.setState to update state

this.setState({
date: new Date()

F);

® Doing this (asynchronously) will eventually result in render being invoked

e Multiple state updates may be batched together and result in a single render call (handled by the
framework)

68



Handling Events

class Toggle extends React.Component {
constructor(props) {
super(props);
this.state = {isToggleOn: true};

// This binding is necessary to make "this work in the callback
this.handleClick = this.handleClick.bind(this);
I3

handleClick() {
this.setState(prevState => ({ isToggleOn: !prevState.isToggleOn }));
I3

render() {
return (

<button onClick={this.handleClick}>
{this.state.isToggleOn ? 'ON' : 'OFF'}

</button>

);
¥

¥

ReactDOM. render (
<Toggle />, document.getElementById('root"')

)

69

https://reactjs.org/docs/handling-events.html



https://reactjs.org/docs/handling-events.html

-vent DIs

datching

® Fach event target can have (0...n) listeners registered for any given

event type,

called in arbitrary order

e \What happens with nested elements?

body

form

_ Listener3: button onClick

What happens when we click in button?

70




~vent Bubbling

body

form

What happens when we click in button?

Called Listener3: button onClick

This is the default behavior

/1




~vent Capturing

body
form

What happens when we click in button?

Calle( =——

Listener3: button onClick

Enable event capturing when you register your listener:
element.addListener(‘click’, myListener, true);




Event Dispatching

e An individual listener can stop bubbling/capturing by calling
. OF

® Assuming that IS the name of your handler’s parameter

Listenerl: body onClick

Listener2: form onClick
Listener3: button onClick

/3




The Data Flows Down

e State that is common to multiple components should be owned by
a common ancestor

® State can be passed into descendants as properties

® \Vhen this state can manipulated by descendants (e.g., a control),
change events should invoke a handler on common ancestor

® Handler function should be passed to descendents

https://reactjs.org/docs/state-and-lifecycle.html#the-data-flows-down
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https://reactjs.org/docs/state-and-lifecycle.html#the-data-flows-down

The Data Flows Down

class Calculator extends React.Component {
constructor(props) {
super(props);
this.handleCelsiusChange = this.handleCelsiusChange.bind(this);
this.state = {temperature: '', scale: 'c'};

}

handleCelsiusChange(temperature) A
this.setState({scale: 'c', temperature});

}

render() {
const scale = this.state.scale;
const temperature = this.state.temperature;
const celsius = scale === 'f' ? tryConvert(temperature, toCelsius)

return (
<div>

temperacure
onTemperaturecnange=gchis.handleCelsiusChange} />

</div>

);

75
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Nesting components

render() {
return (
<div>

<PagePic pagename={this.props.pagename} />

<fageLink pagename={this.props.pagename} />

Establishes ownership by creating
iNn render function.

/6

Sets pagename property of child to
value of pagename property of
parent



Controlled Components

class EssayForm extends React.Component {
constructor(props) {
super(props) ;
this.state = {
value: 'Please write an essay about your favorite DOM element.'

};

this.handleChange = this.handleChange.bind(this);
this.handleSubmit = this.handleSubmit.bind(this);

}

handleChange(event) {
this.setState({value: event.target.value});

}
handleSubmit(event) <{
alert('An essay was submitted: ' + this.state.value);
event.preventDefault();
}
render() {
return (
<form onSubmit={this.handleSubmit}>
<label>
Name:
<textarea value={this.state.value} onChange={this.handleChange} />
</ label>
<input type="submit" value="Submit" />
</form>

(7

);
}



https://reactjs.org/docs/forms.html

Controlled Components

® Single source of truth

® \\Vhenever a control changes its value
® React is notified
e State is updated

® \\Vhenever state is updated

® |[f necessary, render function executes and generates control with new
value

/8




Reconciliation

<Card>
<p>Paragraph 1</p>

<Card>

<p>Paragraph 2</p> <p>Paragraph 2</p>

</Card>

</Card>

® Process by which React updates the DOM with each new render
pass

® (Occurs based on order of components
® Second child of Card is destroyed.

® First child of Card has text mutated.

https://reactjs.org/docs/reconciliation.html

/9



https://reactjs.org/docs/reconciliation.html

Reconclliation with Keys

® Problem: what if children are dynamically generated and have their
own state that must be persisted across render passes”?

® Don’t want children to be randomly transformed into other child with
different state

e Solution: give children identity using keys

e Children with keys will always keep identity, as updates will reorder
them or destroy them if gone
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Keys

81

function NumberList(props) {
const numbers = props.numbers;
const listItems = numbers.map((number) =>
<1li key={number.toString()}>
{number;
</1li>
);
return (
<ul>{listItems}</ul>
);
s

const numbers = [1, 2, 3, 4, 5];
ReactDOM. render (

<NumberList numbers={numbers} />,
document.getElementById('root")

)



Functional Components + Hooks

82

But what if we want state + clean functional components??

import React, { Component } from 'react';

class Counter extends Component {
constructor(props) {
super(props);

this.state = {
count: 0,
b
}

render() {
return (
<div>
<p>You clicked {this.state.count} times</p>
<button
onClick={() =>
this.setState({ count: this.state.count + 1 })
¥

>
Click me
</button>
</div>
);
¥
I3

export default Counter;



Functional Components + Hooks

Now we can have both with functional components + hooks!

import React from 'react’;

function Counter() {
const [count, setCount] = React.useState(0);

return (
<div>
<p>You clicked {count} times</p>
<button onClick={() => setCount(count + 1)}>
Click me
</button>
</div>
);
}

export default Counter;
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Week | | - React & CSS
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CSS: Cascading Style Sheets

* [anguage for styling documents

{

Selector describes a set of HTML elements Declaration indicates how selected
elements should be styled.

Separates visual presentation (CSS) from document
structure (HTML)

* Enables changes to one or the other.

* Enables styles to be reused across sets of elements.

85




CSS Type Selectors

e \Vhat if we wanted more green?

color: LightGreen;

Type selector selects one or
more element types.

*{

color: LightGreen;

}

Universal selector selects all
elements.
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Prof Kevin Moran

A

This is Prof Moran's ACTUAL homepage from 1991

Welcome, students!

See how to make this page

Some funny links

® Homestar Runner
® Hamster Dance

About Prof Moran

Prof Moran's office is at 4442 Engineering Building. His email address is
kpmoran@gmu.edu.

Last updated: September 28th, 1999



CSS Class Selectors

<img src="profilePic.jpg" class="imagelLarge" /> .imagelLarge {
width: 200px;
neight: 200px;

‘Label <img> element with imagelLarge
class” }

‘Define class imagelarge.

<img src="profilePic.jpg" class="imagelLarge transparent" />
img.large { .transparent {
width: 200px; opacity: .50;
height: 200px; }
}

“Define large class that applies "Define transparent class”
only to <img> elements”

Classes enable the creation of sets of elements that can be styled
INn the same way.

87
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CSS 1d Selectors

<div id="exampleElem">  #exampleElem {

. S text
Some text font-weight: bold; Ome R

</div> }

® Advantages

e (Control presentation of individual elements

® Disadvantages

® Must write separate rule for each element
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CSS Selectors

e Key principles in designing effective styling rules:

® Use classes, semantic tags to create sets of elements that share a
similar rules

® Don’t repeat yourself (DRY)

e Rather than create many identical or similar rules, apply single rule to all
similar elements

® Match based on semantic properties, not styling

® Matching elements based on their pre-existing styling is fragile
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Cascading Selectors

e \Vhat happens if more than one rule applies”

® Most specific rule takes precedence

® p b is more specific than p

® HtmaximizeBut

fon is more specific than but

[on

® |f otherwise the same, /ast rule wins

® Enables writing generic rules that apply to many elements that are
overriden by specific rules applying to a few elements




CSS Inhertance

® \Vhen an element is contained inside another element, some styling
properties are inherited

® c.g., font-family, color
® Some properties are not inherited
® c.g., background-color, border

e Can force many properties to inherit value from parent using the
Inherit value

® c.g., padding: inherit;
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Pseudo Classes

.invisible { <label>

display: none; Email: <input type="email" />
} <div class="invisible">Please enter a valid email.</div>
</label>

input:invalid {
border: 2px solid red;
}

input:invalid + div
display: block;
}

inpout:focus + div { “Select elements with

. ‘“S”W‘\ the invalid attribute.”
“Select elements that
have focus.”

Classes that are automatically attached to elements
based on their attributes.




—xamples of Pseudo Classes

® :active - elements activated by user. For mouse clicks, occurs between mouse
down and mouse up.

® checked - radio, checkbox, option elements that are checked by user
® .disabled - elements that can’t receive focus

® .cmpty - elements with no children

® :focus - element that currently has the focus

® :hover - elements that are currently hovered over by mouse

® :invalid - elements that are currently invalid

® :link - link element that has not yet been visited

® :visited - link element that has been visited
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Color

® Can set text color (color) and
background color (background-color)

® Several ways to describe color

body {
e six digit hex code (e.g., #ee3e80) color: Red;
background-color: rgb(200, 200, 200); }
. hl
® color names: 147 predefined names {backgmund_wlom DarkCyan; }
h2 {
® rgb(red, green, blue): amount of red, color: #ee3e80; }

green, and blue p{

color: hsla(@, 100%, 100%, 0.5); }

® nhsla(hue, saturation, lightness, alpha): div.overlay {
alternative scheme for describing opacity: 0.5; }
colors

® (Can set opacity (opacity) from 0.0 to
1.0
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Typetaces

Serif Sans-Serif Monospace Cursive

font-family: Georgia, Times, serif;

font-family enables the typeface to be specitied.
The typeface must be installed. Lists of fonts
enable a browser to select an alternative.
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Styling text

text-transform: uppercase;
text-decoration: underline;
letter-spacing: 0.2em;
text-align: center;

line-height: 2em;
vertical-align: middle;
text-shadow: 1px 1lpx @ #666666;

® text-transform: uppercase, lowercase, capitalize

® text-decoration: none, underline, overline, line-through, blink

® |etter-spacing: space between letters (kerning)

e text-align: left, right, center, justity

® |ine-height: total of font height and empty space between lines

e vertical-align: top, middle, bottom, ...

9| ® text-shadow: [x offset][y offset][blur offset][color]




CSS "Box" Model

height border-radius

* Boxes, by default, are sized just large enough to fit their contents.
e (Can specify sizes using px or %
* % values are relative to the container dimensions
* margin: 10px 5px 10px S5px; (clockwise order - [top] [right] [bottom] [left])
* porder: 3px dotted #0088dd; ([width] [style] [color])
* style may be: solid, dotted,dashed, double, groove, ridge, inset,

outset, hidden / none

97



Centering Content

.centered {
width: 300px;
margin: 1@px auto 1@px auto;
border: 2px solid #0088dd;

}

e How do you center an element inside a container”?

e Step 1: Must first ensure that element is narrower than container.
® By default, element will expand to fill entire container.
® SO must usually explicitly set width for element.

e Step 2: Use auto value for left and right to create equal gaps
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Visibility and layout

® Can force elements to be inline or block
element.

® display: inline
® display: block

® Can cause element to not be laid out or
take up any space

® display: none

® \/ery useful for content that is dynamically
added and removed.

® Can cause boxes to be invisible, but still
take up space

® visibility: hidden;

99

<ul>
<li>Home</11>
<li>Products</11>
<l1 class="coming-soon">Services</l1i>
<li>About</11>
<li>Contact</11>
</ul>

11 {
display: inline;
margin-right: 10px; }
11i.coming-soon {
display: none; }

Home Products About Contact

11 {
display: inline;
margin-right: 10px; }
11.coming-soon {
visibility: hidden; }

Home Products About Contact




Transitions

box {
width: 100px;
height: 100px;
background-color: #0000FF;
transition: width 2s, height 2s, background-color 2s, transform 2s;

}

.box:hover {
background-color: #FFCCCC;
width: 200px;
height: 200px;
transform: rotate(180deg);
}

<div class="box"></div>

® transition: [property time], ..., [property time]

® \When new class is applied, specifies the time it will take for each
property to change

® Can use all to select all changed properties

100




Grid layout

e Create using display: grid or display: inline-grid

div class="wrapper
div>0One div One
div>Two</div
div>Three</div Two
div>Four</div
div>Five</div Three
div

Four

Five

.wrapper
display: grid
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https://developer.mozilla.org/en-US/docs/Web/CSS/CSS_Grid_Layout/Basic_Concepts_of_Grid_Layout

Grid tracks

® Define rows and columns on grid with the grid-template-
columns and grid-template-rows properties.

® Define grid tracks.

® A grid track is the space between any two lines on the grid.

div class="wrapper
div>One</div
div>Two</div
div>Three</div
div>Four</div
div>Five</div

div

.wrapper
display: grid
grid-template-columns: 200px 200px 200px
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Liquid layouts

e fr represents a fraction of available space fo grid container.

e Can mix absolute and flexible, where flexible occupies any
remaining space after flexible is subtracted

div class="wrapper
div>One</div
div>Two</div
div>Three</div
div>Four</div
div>Five</div

div

.wrapper
display: grid

grid-template-columns

103

repeat(3, 1fr

.wrapper
display: grid
grid-template-columns

500px 1fr 2fr




Liquid layouts

e fr represents a fraction of available space fo grid container.

e Can mix absolute and flexible, where flexible occupies any
remaining space after flexible is subtracted

div class="wrapper
div>One</div
div>Two</div
div>Three</div
div>Four</div
div>Five</div

div

.wrapper
display: grid

grid-template-columns: 1fr 1fr 1fr
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.wrapper
display: grid
grid-template-columns

500px 1fr 2fr




Positioning rtems

e Can explicitly place elements inside grid into grid areas

div class="wrapper
div class="box1">0One</div
div class="box2">Two</div
div class="box3">Three</div
div class="box4">Four</div
div class="box5">Five</div
div
.wrapper
display: grid
grid-template-columns: repeat(3, 1fr Hhree L
grid-auto-rows: 100px

.box1
grid-column-start: 1
grid-column-end: 4
grid-row-start: 1
grid-row-end: 3

.box2
grid-column-start: 1
grid-row-start: 3

grid-row-end: 5

105




Gaps

e Can set gaps between columns and rows

div class="wrapper
div>One</div
div>Two</div
div>Three</div
div>Four</div
div>Five</div

div

Three

Four

.wrapper
display: grid

grid-template-columns: repeat(3, 1fr

column-gap: 10px
row-gap: lem
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Nesting

e Can nest grids, which behave just like top-level

div class="wrapper
div class="box box1
div class="nested div
div class="nested div
div class="nested div
div
div class="box box2">Two</div
div class="box box3">Three</div
div class="box box4">Four</div
div class="box box5">Five</div
div

.box1
grid-column-start: 1
grid-column-end: 4
grid-row-start: 1
grid-row-end: 3

display: grid

grid-template-columns: repeat(3, 1fr
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CSS Exercise

® https://replit.com/@kmoran/swe-432-react-example#src/App.|sx

e Center a component inside it’s container

e Use a display grid to create layout with
multiple rows and columns

e Override one of the Bootstrap selectors
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https://replit.com/@kmoran/swe-432-react-example#src/App.jsx
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Usabllity

® A property of the relationship between
® humans with goal-driven tasks
® an artifact

® [he speed and success with which the goals can be

accomplished (task performance)

110|



Iterative User-Centered Design

® Given humans with goals and tasks, redesign an
existing artitact that helps to accomplish these

tasks faster and more successfully

111



Empirical: Usability Study

112

e (Given humans with goals

and tasks an artifact,
observe humans to

identify usability iIssues
that decrease task
performance

® “Ground Truth”




Analytical: Usability Principles

® (Given humans with goals
and tasks and an artifact,
assess for conformance

to Ul principles to identity

usabllity iIssues that

decrease task performance

® Approximation of
“ground truth”

113|



terative Model of User-Centered Design

Observation

(Re)Define the Problem

Understand User Needs

Test @ Idea Generation
Evaluate what Brainstorm
you have built what to build

Prototype/
Implementation

Build
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Heuristic bvaluation (Analytical)

® “Discount usablility engineering methods” - Jakob

Nielsen

® |nvolves a small team of evaluators to evaluate an
INnterface based on recognized usabillity principles

® Heuristics — “rules of thumb”

Adapted from slides by Bonnie John and Jennifer Mankoff

115|



Heuristic

~valuation

116|

1. Visibility of system status

2.

Match between system
and the real world

User control and freedom

Consistency and
standards

. Error prevention

. Recognition vs. recall
. Flexibility and efficiency of use

. Aesthetic and minimalist

design

. Help users recognize,

diagnose, and recover from
errors

10.Help and documentation



AC

vantages of Heuristic Evaluation

117

® “Discount usabllity engineering” - Intimidation low

® Can expose problems user testing doesn’t expose

Don’t need to identify tasks, activities

Can identify some fairly obvious fixes

Provides a language for justifying usability
recommendations



Disadvantages of Heuristic Evaluation

e Un-validated
® Do not employ real users

e Can be error prone

® Better to use usabllity experts
® Problems unconnected with tasks

® Heuristics may be hard to apply to new technology

118|



Using Heuristic Evaluation

119|

® Can be used informally to identify issues in a

website

® Can be used as a more formal usability inspection
method

® Fvaluators each first separately identify issues

® [ssues then combined from each evaluator



Ways to Use Heuristic tvaluation

® Farly in design process to catch major issues

® \Vhen time or resources are not available for
empirical usability evaluation

120|



Why Sketch?

® Sketching offers visual medium
for exploration, offering cognitive
scaffolding to externalize cognition

courtesy of www.leonardoda-vinci.org
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Being Creative with Sketches

® How do you come up with a great idea”?
® (Generate lots of ideas
® \Nork through ideas through externalization in sketch
® Critique the ideas

® Refine them to make them better

e Sketching offers a low-cost medium for working with early ideas
before committing to one

® Design Is process of creation & exploration

122




Sketching vs. Prototyping

123

"~ Low-Fidelity Desi T

For UX engineering

'

Getting the right design Getting the design right
i l
Experimenting, Following the UX
exploring, being creative process

' l

Goal: Support ideation to Goal: Support iterative
find a great design solution refinement of a given design




Sketches are Sketchy

e Not mechanically correct and
perfectly straight lines

® Freehand, open gestures

® Strokes may miss connections

® Resolution & detall low enough
to suggest is concept

® Deliberately ambiguous &
abstract, leaving “holes” for
Imagination
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Fidelity of Sketches & Mocku
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J. logo | Cloud 9 Photos

[Secondary title here]  [Login]

Upload photos

June 2011 (138 photos) D
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Canon EOS Digital Rebel XT (AWS RAW)
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Storyboards for Ul Design

126

® Sequence of visual “frames” illustrating interplay between user &
envisioned system

® Explains how app fits into a larger context through a single
scenario / story

® Bring design to life in graphical clips - freeze frame sketches of user
Interactions

e “Comic-book” style illustration of a scenario, with actors, screens,

interaction, & dialog



Crafting a Storyboarc

® Set the stage:

e \Who"? What Where”? Why”? \WWhen"
® Show key interactions with application
® Show conseqguences of taking actions

e May also think about errors
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Example Elements of a Ul Storyboard

® Hand-sketched pictures annotated with a few words

e Sketch of user activity before or after interacting w/ system
e Sketches of devices & screens

e Connections with system (e.g., database connection)

® Physical user actions

e Cognitive user action in “thought balloons”
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Frame Transrtions

® [ransitions between frames particularly important
® \Vhat users think, how users choose actions

e Many problems can occur here (e.g., gulfs of execution &
evaluation) - we will talk more in a future class!

e Useful to think about how these work, can add thought bubbles to
describe
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Wireframes

® | ines & outlines (“wireframes”) of boxes & other shapes
e Capturing emerging interaction designs
® Schematic designs to define screen content & visual flow

o |lustrate approximate visual layout, behavior, transitions emerging
from task flows

® Deliberate unfinished: do not contain finished graphics, colors, or
fonts
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Wireframes

e Can be used to step through a particular scenario
® [Focus on key screens rather than every screen
® [ools can help

® (Can be made clickable

® Can use stencils & templates; copy & edit similar screens
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Prototyping

® How do you know your system design is right before you invest the
time to build it?

® Answer: prototyping!

® Evaluation performed before investing resources in building finished
product

® [arly version of system constructed much faster & with less expense
used to evaluate & refine design ideas

132



Types of Prototypes

® \\Which details do you leave out”?

® Horizontal: broad in features, less depth

® Explore overall concept of app, but not
specific workflows

Different features

. ® Vertical: lots of depth, but only for a few

A rr——————————————————————————————

| | 4

i — features
: ™ Horizontal | 7

Local ™ | | prototype |

prototype | A

e ] e Enables testing limited range of features
prototype | T Ful | w/ realistic user evals

system
E 4

-~

® T: most of Ul realized at low depth, few
parts realized in depth

® Combination of vertical & horizontal

® | ocal: focused prototype on specific
Interaction detall
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Interactivity of Prototypes

® Scripted, click through prototypes

® Prototype w/ clickable links to move between screens

® | ive action storyboard of screens

® Simulates real task flow, but w/ static content

e [ully-implemented prototypes

e Usually expensive to implement actual system

® But can build key piece of system first to evaluate
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Why Conduct Usabllity Studies!

® Evaluate interaction design with real empirical data, gathering
ground truth of user performance

e |dentify usabllity issues
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Think-aloud Usability Study

e (Goal: observe users using app, identify usability issues
e Can use with

® paper prototype

e HTML prototype

e \\izard of Oz study

® actual app
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Steps In a Usability Evaluation Stuady

® Formulate goals of study
® Design study protocol, tasks, materials, data collection, ...
® Pilot study design

® Conduct study

® Analyze data to assess task performance and identify usability
ISSUES
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Informed Consent

® |mportant for participants to be told up front what they will do and
provide affirmative consent

® Helps allay potential participant fears
® Make clear purpose of study

® Make clear that you are evaluating your design, not the user
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JESE

e \What will users do?

e (Goals for task design:
® Provide specific goal: something that the user should accomplish
e Comprehensive enough to exercise key features of your app

® Short enough to minimize participant time commitments
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Communicating Tasks

® Provide a scenario explaining the background of what users will be
doing

® Provide a specific goal that the user should accomplish
e But not how they should accomplish it
® Don’t give away how you hope users will accomplish goal

e Communicate end criterion for task - how do they know they’re
done”?

® Provide maximum time limit after which they will be stopped
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Iraining

e (Goal: avoid unless really necessary

® [raining necessary when
® Participants require specialized knowledge to act as target users

® Jarget users will have access to specialized training materials before
they begin study
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Interactions During the lask

e (Goal: listen, not talk
® Prompt participants to think aloud when necessary
® c.g., What are you trying to do”? What did you expect to happen”?
® |[f show signs of stress / fatigue, let them take a break
® Keep participants at ease
® |f participants frustrated, reassure & calm participants

® |f so frustrated they want to quit, let them
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Giving Help

e |[f participants totally off track, small reminder of goal might help

® Should not give participants information about how to complete the
task

e \What if user asks for help?

® Direct them to think through it or work it out for themselves
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Collecting Critical Incidents

® Any action that does not lead to progress in performing the adesired
task

e Often related to a gulf of execution or gulf of evaluation

® (Generally does not include
® accessing help

® random acts of curiosity or exploration
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Understanding a Critical Incident

® |mportant to understand in the moment what users goal is and
what actions they are taking

® \\When a critical incident occurs, jot down
® [hetime

® \Vhat user was trying to do

® \Vhat user did
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Reporting a Crrtical Incident

® Problem statement: summary of problem and effect on user (but
not a solution!)

® User goals: what was user trying to do?

® |mmediate intention: at the moment in time when problem
occurred, what was the user trying to do

® Possible causes: speculate on what might have led user to take
action they did
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Critical Incidents = Usability Issues

® (Group together similar incidents to form usability issue

® Match similar critical incidents within and across study sessions

® |dentify underlying cause

® Brainstorm potential fixes
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Challenges in Srte Design

149

® Sometimes large space for users to navigate to find information.
® No spatial sense of scale. 50 pages” 500 pages? 50,000 pages?
® No sense of direction. Which way did | just go?

® No sense of location. No spatial anchoring of where | am now and
how that relates to where | could go.

® No place to check if something is not present or supported.



Srite Design

® Some key design dimensions
e (Organization of content into pages / screens
e Organization of content within pages / screens

e \WNays in which users navigate between pages / screens

e Key design goals
® Reduce the time / cost for users to reach content

® Reduce the irrelevant information users must read
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Planning

® Help users determine what they can do

® |s this the right site for my goals? Is this the right page where | should
spend my time”?

® Support users in how they determine what to do

® [f this is the right place, how do | reach goal?
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Information Foraging

e Mathematical model describing navigation
® Analogy: animals foraging for food
e (Can forage in different patches (locations)

® (Goal is to maximize chances of finding prey while minimizing time
spent in hunt

e |nformation foraging: navigating through an information space
(patches) in order to maximize chances of finding prey (information)
IN minimal time
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Information environment

® |nformation environment represented as
topology

® |nformation patches connected by
traversable links

® Examples

® \Veb pages, connected by links

® Menu options & dialogs connected by
commands

® | ocations on map, connected by search,
scroll, move interactions with map
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Traversing Links

154

® Patch - a space in the environment where a user is located (e.g., a
page, a dialog)

® | inks - connection between patch offered by the information
environment

® Cues - information features associated with outgoing links from
patch

® [.g., text label on a hyperlink

® User must choose which, of all possible links to traverse, has best
chance of reaching prey



Scent

® User interprets cues on links by
likelihood they will reach prey

® c.g., do | think that the “Advanced
options" page is likely to have the
option I'm looking for?
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© Troubleshoot

Refresh your PC
If your PC isn't running well, you can
refresh it without losing your files.

Reset your PC

If you want to remove all of your files,

you can reset your PC completely.
. Advanced options




Design Implications of Information Foraging Theory

® Organize information into functionally related groups

e |f information required is already on same page, no need to go elsewhere

® Design effective cues, helping users predict what will be found by
traversing links

® Better cues --> better ability to navigate to correct pages

® Match expectations of user’s mental model

® Cues are interpreted relative to mental model

® Provide search

® |n large spaces, faster to search than traverse links
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VVeb navigation conventions

You are

here
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Televisions & Video

Any Category
Electronics
Television & Video
Televisions

LED & LCD TVs

Refine by

‘ Delivery Day

Get It by Tomorrow

Amazon Prime

Prime

Television Feature
Smart TV
3D

) Television Resolution

4K Ultra HD
1080p

s L : ,
: ) NEW & INTERESTING FINDS ON AMAZON W %j,’v \I'/ -
amazon ED&LCOTVS - Igtv 4k Q BLACK FRIDAY EEYXEI¥
Hello, Thomas \ 0 /
Departments ~ Browsing History ¥  Thomas's Amazon.com Today's Deals Your Account ~ Prime ~ Lists ~ =t Cart

—

Best Sellers  Televisions Streaming Media Players Blu-ray Fllayers Home Theater Systems AV Accessories

Sort by | Relevance ) = 28

G QUiﬁR UHDTV SPONSORED BY LG HOME ELECTRONICS

Save on LG Super UHD TVs

> Shop now

LG Electronics 65UH77... LG Electronics 55UH77...

Ad feedback |}

Showing most relevant results. See all results for Ig tv 4k.
Television Feature: Smart TV | 3D

Sponsored

LG Electronics 55UH6550 55-Inch 4K Ultra HD Smart LED TV (2016 Model)

by LG Electronics

374700 889'7—99 Prime
Display Size: 55 inches
Resolution: 4K Ultra HD
» Connectivity Technology: Built-in Wi-Fi
Display Technology: LED
Display Resolution Maximum: 4K Ultra HD

Sponsored

LG Electronics 60UH8500 60-Inch 4K Ultra HD Smart LED TV (2016 Model)
by LG Electronics

$1 ,29700 $1.697-00 Prime

LG SUPER LMOTV

Conditions of Use Privacy Notice Interest-Based Ads © 1996-2016, Amazon.com, Inc. or its a



Persistent Navigation

® Forms a common idiom users already understand
e (Gives instant confirmation that still on the same site

® Supports consistency and standards

® |f all of your pages function same way, users know how to do actions
& what to expect

® Ok for specialized page like forms that are clearly different to not
follow conventions.
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labs

® [ L
b w NEW & INTERESTING FINDS ON AMAZON

amazon

] Prime

LED & LCD TVs Ig tv 4k

Departments ~ Browsing History ¥+ Thomas's Amazon.com Today's Deals

Televisions & Video  Deals BestSellers  Televisions Streaming Media Players Blu-ray Players Home

1-24 of 147 results for Electronics : Television & Video : Televisions : LED & LCD TVs : “Ig tv 4k"

o Example of a metaphor: tab dividers in a three ring binder or folders

IN a file drawer
e Partition into sections
e Advantages

® [asily understood and self-evident

® (Usually) hard to miss

159



readcrumbs

e Offer trail of where
the user has been
and how they got
there

® Shows hierarchy of
Information space

® Shows current
location
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4K Ultra HD » Display Technology: LED

1080p » Display Resolution Maximum: 4K Ultra HD
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Sponsored

LG Electronics 60UH8500 60-Inch 4K Ultra HD Smart LED TV (2016 Model)
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Progressive Disclosure

® a.k.a. detalls on demanad
® Separate information & commands into layers

® Present most frequently used information & commands first

Bullets and Numbering Customize Bulleted list

ulleted Numbered Outline Numbered List Styles
Bullet Character

Font... Picture...

Bullet Position

Indent at:  0.25"

Text Position

Indent at:  0.5" " Add tab stop at: 0.5’
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—ffective Site Design

® Answers to the following should be obvious for a good site design
® \Vhat site is this”? (Site ID)
® \Vhat page am | on”? (Page name)
e \Vhat are the major sections of this site? (Sections)
® \Vhat are my options at this level? (Local navigation)
® \Where am | in the site”? (“You are here” indicators)

® How can | search?
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Metaphors - Advantages

® | everages understanding of familiar objects & their functions

® [le cabinets, desks, telephones

® Provides intuitive understanding of possible affordances & eases
mapping tasks to actions

® Open a folder, throw file in trash, momentum scrolling
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Metaphors - Disadvantages

® [yranny of metaphor: ties
Interactions closely to workings
of physical world

® Adds useless overhead in extra
steps, wastes visual bandwidth

e [aken literally, becomes non-
sensical

® c.g., nesting folders 10 levels
deep
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Alternative - |dioms

® A consistent mental model of how something works

® c.g., Files: open/ close / save / save as
e Offers intuitive understanding of affordances & interactions
® Provides consistent vocabulary for describing interactions
® Only have to learn it once

e Might have originated in real world, but thought of in terms of
mental model for Ul interactions
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Task Structure

166

® |n some cases, users must take actions in specific sequence

® Must input some information before being able to access subsequent
iInformation

® c.g., must select a shipping method before seeing a final price

® [0 the extent possible, want to leave users in control of task (user control and
freedom)

e But also do not want to distract users by making unrelated decisions in random
order (flexibility and efficiency of use)

e And do not want to overwhelm users with too many options at a time (minimalist
design)

® (Good designs need to balance tradeoffs



Separate long tasks into sequences

® Reduce short term memory demands by having user only work on
one aspect of larger task at a time

® Don't interrupt users in the middle with unrelated tasks

® Provide closure of each subtask at the end

AmericanAirlines \\ Plan Travel Travel Information AAdvantage @

L
Find Flights Choose Flights Trip Options Select Seats Review & Pay Finish

Travelers

(M Check below for errors

<= Washington to Raleigh/ Durham Your Trip Price:
1 Adult

Sunday January 10, 2016 — Monday January 11, 2016 $203.70 USD

Bagaage and Optional Charges (2

e | Earn 40.000 bonus miles Your Trip Price: $203.70 USD
; . ’ ) Statement Credit: - $100.00 USD

up to $100 in statement credits, and your first checked bag free*!
Learn More (2 a3 $103.70 USD

Passenger Details ®

Please enter all passenger names as they appear on the passenger's government-issued photo identification. More details on passenger names
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Interaction Flow Guidelines

168

Don’t use dialogs to report normal behavior
Separate commands from configuration

Don’t ask questions, give users choices

® (Give users default input, show possible options
Make dangerous choices hard to reach

Design for the probable, provide for the possible
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Signifiers

170

s this a button?

e (Goals

Show which Ul elements can be manipulated
Show how they can be manipulated

Help users get started

Guide data entry

Suggest default choices

Support error recovery



Hinting

® |ndicate which Ul elements

can be interacted with

® Possible visual indicators

e Static hinting - distinctive
look & feel

® Dynamic hinting - rollover
highlights

® Response hinting - change
visual design with click

® Cursor hinting - change
cursor display
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Course Project

Course Project

Project Overview

The major assignments in the course will be in the form of a project, and will distributed over the course of
the semester as "Project Checkpoints". You will first design and implement a simple Ul in the form of a web
app. Throughout the semester, you will perform peer evaluations, identifying usability issues with the Ul of
apps built by other students in the course. Based on the reported usability issues you receive, you will then
iteratively redesign and improve the usability of your web app to address these issues. Full details for each
Project Checkpoint can be found in the Project Checkpoint descriptions below; the due dates are
summarized in the course schedule.

What to Build?

You are given the freedom to build any type of web application that you would like for the semester project.
However, there are some general guidelines that are important to follow:

* The project should be something the group can implement in two weeks. Because much of this project
will be focused on evaluating and refining the Ul, the premise of the app should be simple. Some
successful projects in the past have been as short as 500 lines of code.

It must be implemented as a web application and be usable by visiting a URL. Projects can be
implemented entirely client-side, or with some back-end technologies, but the back-end should be kept

to a minimum.

We will primarily be evaluating your project based on the Ul you create, not the elegance or
sophistication of your implementation. Thus, we expect that the best projects will be those that involve
a significant amount of user facing interactions.

Table of contents
Course Project
Project Overview
What to Build?
Project Collaboration

Project Checkpoint Schedule
and Assignment Instructions




Clarty of VWording

172

® Choose words carefully

® Speak the user’s language

e Avoid vague, ambiguous terms
® Be as specific as possible

e Clearly represent domain concepts



Likely & Useful Defaults

e Default text, if relevant (e.q., date)
e Default cursor position

® Avoid requirements to retype & re-enter data
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Modes

e \ary the effect of a command based on state of system
® Examples

® caps lock

® insert / overtype mode

® vi/ emacs command modes

® keyboard entry used for controlling game and chatting
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Challenges with Modes

® Modes create inconsistent mapping
® £ .g., control S sometimes saves, sometimes sends emall

® Especially dangerous for frequent interactions that become highly
automatic System 1 actions

e Avoid when possible
e Clearly distinguish if necessary

® Make clear to user which mode they are in and how to change
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Fitt's Law

® O
mmmmmmmmmmmmmmmmmmmmm
Style Text Arrange
Multiple v

® [ime required to move to a target decreases with
target size & increases with distance to the target

Style Layout

Font

Helvetica Neue

B <

® Movements typical consist of RN
® one large quick movement to target (ballistic -
movement) £z 2w s
T . * ) L
¢ fine-adjustment movement (homing movements) e
e Homing movements generally responsible for most of i
movement time & errors e
, e Applies to rapid pointing movements, not slow o
176 continuous movements

Size Align



Design Implications of Fitt's Law

® Constraining movement to one dimension
dramatically increases speed of actions = - Design Img

® c.g., scroll bars are 1D

e Constraining
| dramatically i

— ® e.g., scroll
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Design implications of Frtt's law

e Making controls larger reduces time to invoke actions

® | ocating controls closer to user cursor reduces time

® c.g., context menus

FFFFFFFFF

-
oooooooooo

Slides.key Talk.key and-Hu...ation.key Cognition.key Centere...sign.key Context...quiry.key Sketchi...ping.key

Music
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Design Implications of Fitt's Law

® Positioning button or control along edge of screen acts as barrier to
movement, substantially reducing homing time & errors

g Review View Zot Acrobat Q Tell me
€= 3= z




Mobile Apps - Where's the Cursor?

® No cursor on many mobile devices

e Cannot use dynamic hinting to determine which elements can be
iInteracted with

® May require more use of static hinting
e [tt's law still applies

® Fingers are less sensitive, hard to select small buttons, occlude
elements
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Supporting Users with Disabilities

® Perception - visual & auditory impairments
® Blindness or visual impairments
® Color blindness
® Deafness & hearing limitations
® Motion - muscle control impairments
e Difficulties with fine muscle control
® \\eakness & fatigue
e Cognition - difficulties with mental processes
® Difficulties remembering

e Difficulties with conceptualizing, planning, sequencing actions

181




Universal Design

® How can users with physical disabilities be
supported in user interactions”?

® (Good: assistive design - offering equivalent
actions for disabled users that cannot take
normal actions

® Better: universal design - designing
INnteractions so broadest set of users across
age, abllity, status in life can use normal
actions

182
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Example - Curb cut

® |nitially designed for accessibility - support for disabled & wheel
chairs

e But potentially benefits all users of public spaces - people w/
suitcases, hand carts, roller blades, bikes, ...
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/ Principles of Universal Design

184

® Equitable use: The design is useful and marketable to people with diverse abilities

® Flexibility in use: The design accommodates a wide range of individual preferences and
abilities

® Simple and intuitive: Use of the design is easy to understand, regardless of the user's
experience, knowledge, language skills, or current concentration level

® Perceptible information: The design communicates necessary information effectively to
the user, regardless of ambient conditions or the user's sensory abilities

® Jolerance for error: The design minimizes hazards and the adverse consequences of
accidental or unintended actions

® [ ow physical effort: The design can be used efficiently and comfortably and with a
minimum of fatigue

® Size and space for approach and use: Appropriate size and space is provided for
approach, reach, manipulation, and use regardless of user's body size, posture, or mobility

http://universaldesign.ie/MWhat-is-Universal-Design/The-/-Principles/



http://universaldesign.ie/What-is-Universal-Design/The-7-Principles/

Scale, Contrast, & Proportion
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Scale, Contrast, & Proportion

Information consists of differences that make a difference.
(Edward Tufte, Envisioning Information)

Individual visual variables of design that encode information
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lerminology

187

® Scale - relative size or magnitude of
element in comparison to related
elements

e (Contrast - visually noticeable
distinctions along a common visual
dimension

® Proportion - ratio and balance between
elements

® Emphasis - contrasts can emphasize
important elements or areas & add visual
Interest by creating tension & drama




Principles

188

e Clarity - contrasts should be clear and easily differentiated, not
slight and subtle

® Harmony - proportions and ratios should be harmonious

® Activily - use contrasts to maintain orientation & context within
design

® Restraint - contrasts should be conscious, strong, few in number,
and never overwhelming




—rror - Excessive lypographic Contrasts

5 different types sizes in 3 different fonts (!!)

Shide $hau Gplions...
Tirning Option
®) wait for Click Loop Mode
(:) Tirmner D Random Overlay
B3 Fit in Window
Show Menu Bar

Sound

D Flay Sound

e A e e ——— I i . et A = W T

Direction ——
@ Ascending

() Descending

f Cancel | |

e e e y— W W T8 . At e
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Layers

e Contrasting color, value,
texture can segregate
Information into separate
layers

® Supports overlapping
iInformation in displays,

allowing selective processing
of specific sets of elements

e Allows different layers to be
read and interpreted

separately
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Creating Layers

1. Group items into categories based on intended use

2. Determine rank & importance of groups

3. Use perceptual variables (size, value, hue, etc.) to establish layering
effect

4, Maximize differences between groups while minimizing differences
within groups

5. Use squint test to ensure elements in group retain together but
visually separated
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Organization & Structure
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Organization & Structure

e Organization needs to be designed

® Benefits
® Unity - ties together related elements so that they work together

® |ntegrity & readabillity - offers structure that helps user to easily scan &
make comparisons

e Control - determines where user will focus attention in the design

e (Gestalt -> psychology of perception
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Gestalt Principle - Proximity

- Elements associated most strongly w/ nearby elements

parsed as 4 columns based on close
vertical spacing

then parsed as two sets of two columns
based on spacing
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Gestalt Principle - Similarty

- Elements associated more strongly when share common visual
attributes than when they differ

parsed as rows based on fill similarity,
despite closer column spacing

LeUe®
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Gestalt Principle - Continurty

- Preference for simplest physical explanation of complex figure

parsed as two lines, rather than 4
separate lines or 4 opposing angles
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Gestalt Principle - Closure

- Preference to interpret figures as complete, even when missing
information

Parsed as triangle superimposed on 3 complete
circles, even though none of these is actually
present

198



Gestalt Principle - Area

Preference to interpret smaller overlapping elements as figure,
larger as ground

Small rectangle parsed as small rectangle
on top of larger, rather than hole
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Gestalt Principle - Symmetry

- Preference to interpret ambiguous form as multiple symmetric
elements

Parsed as two overlapping objects rather
than 3 separate shapes
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Grouping

e Binding Ul elements tightly together while distinguishing them from surrounding
controls

e “Showing” not “telling”

e Can be achieved through
® Bounding boxes (not recommended)
® Negative space & contrasts

® Arrangement & alignment

( @ ® Lecture 26 - Visual Design —

¢ Oyl em%v| + > 0) ol T ' : S -

View Zoom  Add Slide Play Keynote Live Table Chart Text Shape Media Comment Collaborate Format Animate Document
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Hierarcny

Order groups based on perceptual prominence
corresponding to intended reading sequence

Can help solve “skimming” problems

Key points might get lost though.
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Save As

Save Web Page

Save in:

»

My Recent
Documents

Desktop

7
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My Computer
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(_)share
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File name: Google

Save as type: Web Page, complete [*.htm;* html)

Encoding: Unicode (UTF-8)

Save

Cancel



Use Negative S

DACE

205

® Directs attention to critical regions of display

1. Review design, prioritizing groups

2. Add extra space to ensure spatial separation & emphasis, particularly for

Important elements

Image Preferences

Image Type:

Monochrome| Cray Scale

EPSF Quality:

Use Preview Image Use Postscript

Greeking Text Limit:
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Options:
[] Auto Backup on Save
[0 Auto Save Every Minutes

_— —

(¢ KE‘ ) (Cancel ) ( Reset )

Image Preferences

Image Type: onochrome | Gray Scale

EPSF Quality: Use Postscript
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Greeking: 7.0 ot
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Week | 5: Information Visualization
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Amplifying Cognition

e |nformation Visualization can amplify cognition by:

1. Increasing the memory and processing resources available to users

2. Reducing the search for information

3. Using visual representations to enhance the getection of patterns

4. Enabling perceptual inference

5. Using perceptual attention mechanisms for monitoring

6. Encoding Information in a manipulable meadium
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Designing an Information Visualization

208

Visual Form

Visual View
Mappings Transformations

Human Interaction

Raw Data: idiosyncratic formats

Data Tables: refations (Cases by variables) « metadata

Visusl Structures: spatial substrates + marks « graphical propertios
Views: graphical parameters (position, scaling, clipping. ... )



Types of Raw Data

e Nominal - unordered set without a quantitative value

® (Gender: male, female
® Hair color: brown, black, blonde, gray, orange, ...

e Ordinal - ordered set, with no meaning assigned to differences

® How do you feel today: very unhappy, unhappy, ok, happy, very happy

® Undefined how much better happy Is than ok

e Quantitative - numeric value

® Height, weight, distance, ...
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Data Transformations

e Classing / binning: Quantitative —> ordinal

® Maps ranges onto classes of variables

® (Can also count # of items in each class w/ histogram
e Sorting: Nominal —> ordinal
® Add order between items In sets

® Descriptive statistics: mean, average, median, max, min, ...
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Visual Structures

® 3 components
® spatial substrate
® marks

® marks’ graphical properties
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Spatial Substrate

® Axes that divide space

® [ypes of axes - unstructured,
nominal, ordinal, quantitative

e Composition - use of multiple
orthogonal axes (e.g., 2D
scatterplot, 3D)
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MERE

213

e Points (OD)
® [ines (1D)
® Areas (2D)

e \/olumes (3D)



Marks' Graphical Properties

e Quantitative (Q), Ordinal (O), Nominal (N)

e Filled circle - good; open circle - bad

_Spatial - Object ARG Tl

TR S S R SRR A £ AR AR R B PSS S SR e b e B A AT ity

(Posmon) ---I--~l----| Gray Scale j l B [
Size @ @ o -

Extent

Color | B . [

-/ ' \ Texture | & 7 B
feren-
tial Shape .*.’

nif. [Prientation
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—ffectiveness of (Gra

dhical Properties

e Quantitative (Q), Ordinal (O),

Extent

ifferential
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Nominal (N)

e Filled circle - good; open circle - bad

Object

Grayscale

Texture

Q O N




Animation

® \/isualization can change over time
® Could be used to encode data as a function of time
® But often not effective as makes direct comparisons hard

e Can be more effective to animate transition from before to after as
user configures visualization
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Time-series Data
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Stacked Graph

® Supports visual summation of multiple components

Agriculture

Busingss services

Constructon

Educaton and Heanh

Finance

i Government
Information

Lesure and hospitaity

Manutacturing

Mining and Extraction
Other

Set-employed
Transporiation and Utiities

Wholesale and Retall Trade

2001 2002 2003 2004 2005 2007 2008 2009 2010
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Small Multiples

® Supports separate comparison of data series

e May have better legibility than placing all in single plot

__M

Agriculture Business services

;AM

Construction Education and Health

M

Government

M

Information Leisure and hosphality
Manutacturing Mining and Extraction
Self-employed

MM

Transporation and Utilities Wholesale and Retall Trade
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Maps
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Choropleth Map

e (Groups data by area, maps to color
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Cartograms

® Encodes two variables w/ size & color
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Cartograms

® Encodes two variables w/ size & color
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Hierarchies
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Node Link Diagram
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Dendrogram
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Treema
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Networks
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-orce-directed Layout
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® Edges function as springs, find least energy configuration
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Tufte’s principles of graphical excellence

K

Show the data

Induce the viewer to think albout the substance rather than the methodology
Avoid distorting what the data have to say

Present many numbers in a small space

Make large data sets coherent

Encourage the eye to compare different pieces of data

Reveal data at several levels of detail, from overview to fine structure

Serve reasonable clear purpose: description, exploration, tabulation,
decoration




Design Principles for Data-ink

® (a.k.a. aesthetics & minimalism / elegance & simplicity)

® Above all else show the data

® frase non-data-ink, within reason
e (ften not valuable and distracting

e Redundancy not usually useful
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Interactive Visualizations

® Users often use iterative process of making sense of the data

® Answers lead to new questions

® |nteractivity helps user constantly change display of information to
answer new qguestions

e Should offer visualization that offers best view of data moment to
moment as desired view changes
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Information Visualization Tasks

® Overview: gain an overview of entire collection

® Zoom: zoom Iin on items of interest

® Fjlter: filter out uninteresting items

® Details on Demand: select an item or group and get detalls

® Relate: view relationships between items

® History: support undo, replay, progressive refinement

® Extract: allow extraction of sub-collections through queries
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In-Class Coding

-xample
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Activity: Final Exam Coding Practice

® |magine you are building an app that implements a ToDo List.
You've already implemented the logic adding ToDo ltems. Now
you'd like to do two things. You'd first like display added ToDo
ltems to the user. To do so, you decide to create a new child
component, ToDoltem, which is initialized with text describing the
task. Second, you want to add a button to the ToDo component
which, when clicked, deletes the last added task. Implement the

Functionality for each of these features.

Class-Based Example: https://replit.com/@kmoran/SWE-432-Final-Exam-Practice-Class#src/App.jsx
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