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Today’s Agenda

Introduction (10 Mins)

— Brief History of Visualization
What is Visualization?
~ Why Is Visualization Important?

* Fundamental Principles of Visualization and Dashboard Design

— Architecture and Concepts & principles (45 Minutes)
— Components: Charts, Grids, Text, Visual Design (45 Minutes)
— Visual Designs: Typography, Colors, lcons, Communication (45 Minutes)

* Evaluating Dashboard User Interfaces (30 Minutes)
* Activity (45 Minutes)

* Quizzes (10 Minutes)

* Q&A (10 Minutes)

AGENDA
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Early Human Ancient Cave Art
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Greek Combat Sport
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Persian Persepolis
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Persian Carpets
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Persian Carpets
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Ancient Chinese Art
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Periodic Table
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Minard’s map, showing Napoleon’s march on Moscow

Figure 1.11.

Abbas Moallem, Ph.D. © ux Experts, LLC

Minard’s map, showing Napoleon’s march on Moscow. The width of the line
conveys the size of the army at that location. Color indicates the direction of
movement. The temperature is plotted at different points along the retreat at the

bottom. (Image courtesy Wikimedia Commons. )
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Florence Nightingale’s

Florence Nightingale's coxcomb chart showing monthly deaths from battle and
other causes. Blue represents the deaths from disease, red represents deaths from

wounds, and black represents all other deaths. (From an interactive on-line tool

FIE'I_LJI'!'_': [ .14

at http:/ /funderstandinguncertainty.org/node/213.)
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What Is Visualization?

* The communication of information using graphical representations.

* A single picture can contain a wealth of information and can be processed
much more quickly than a comparable page of words.

* This is because image interpretation is performed in parallel within the
human perceptual system, while the speed of text analysis is limited by the
sequential process of reading.

* Pictures can also be independent of local language, as a graph or a map
may be understood by a group of people with no common tongue.

L

Abbas Moallem, Ph.D. © ux Experts, LLC

24



Information Visualization

* Information visualization is interactive

* User will have tools to adjust the display in order to gain a
more meaningful understanding of the data being presented

* Represents abstract data
* Amplifying cognition

— The intellectual processes in which information is obtained, transformed, stored,
retrieved, and used (Card, 2003).

* Enable augmented cognition

Abbas Moallerm, Ph.D. © ux Experts, LLC
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The same data plotted with different scales
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The same data plotted with different scales
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The same data plotted with different scales

Figure 1.1
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The same data plotted with dilferent scales is perceived dramatically differently:

(a) Equally (uniformly) large scale in both = and y. (b) Large scale in 9. (¢) Large

scale in x. (d) Scale determined by range of r- and y-values.
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Information Visualization Vs. Data Visualization

Complex Organization Chart

Chairman
VP Engineering VP Marketing

Director1 Director2

I
External Consultant Finance Consultant  Lobbyist Consultant
Staff1 Staff2
Travel Agent Secretary
Staff3
Driver
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Maps
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Visualization Process

User interaction/collaboration and control
Analysis, Computational and Synchronization Tools

l J. l .

: Visualization
Raw data ...! Data > Visual o (multiple views e
(information) | tables . structures : of visual things),) \ «__
Data/flow Visual View
transformations mappings transformations
B * .

User interaction/collaboration actions

Figure 4.1. Our reference visualization pipeline. (Image modified from [59].)
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Data Science

* Data science is a "concept to unify statistics, data analysis, machine
learning and their related methods" in order to "understand and analyze
actual phenomena” with data. It employs techniques and theories drawn
from many fields within the context of mathematics, statistics, computer

science, and information science.
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Example
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Ul Design Analogies

Let’s use an analogy to better understand
the issues
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How easy is it to read ths

it to read this text?

Scene | A desert place Thunder and

When shall we three meet again In tlset place.
When the hurlyburly's done When thi: s svee micie:
will be ere the set of sun First Witch............
heath Third Witch There to meet wit/* =™ ="
Second Witch Paddock calls Third Vi e
Hover through the fog and filthy air = =

.
_— e
€l O 5un

Go to Slide - h Macbeth

Pen Whdth

Change Pen Color

fog and filthv air
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Now, how easy is it to read this text?

Abbas Moallem, Ph.D. © ux Experts, LLC

SCENE 1. A desert place,
First Witch
When shall we three meet again
In thunder, lightning, or in rain?
Second Witch

When the hurlvburlyv's done,
When the battle’'s lost and won
Third Witch

That will be ere the set of sun
First Witch

Where the place?

second Witch

Upon the heath

Third Witch

There to meet with Macbeth
First Witch

| come, Gravmalkin'

Second Witch

Paddock calls

Third Witch

Anon

ALL

Fair is foul, and foul is fair

Hover through the fog and filthv an

shiming. Enter three Witche
Sl Lk Ti . ITEFRES

| -
Ml "o R
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Ul Design Analogies

Let’s use an analogy to better understand
the issues
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How easy is it to read this text?

Scene | A desert place Thunder and lightning Enter three Witches First Witch
When shall we three meet again In thunder lightning or in rain Second Witch
When the hurlyburly's done When the battle's lost and won Third Witch That
will be ere the set of sun First Witch Where the place Second Witch Upon the
heath Third Witch There to meet with Macbeth First Witch | come, Graymalkin
Second Witch Paddock calls Third Witch Anon. ALL Fair is foul and foul is fair
Hover through the fog and filthy air Exeunt

Abbas Moallem, Ph.D. © ux Experts, LLC
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Now, how easy IS It to read this text?

Abbas Moallerm, Ph.D. © ux Experts, LLC

First Witch
When shall we three meet aum
In thunder, lightning, or in rain”?
Second Witch
When the hurlvburlyv's done
When the barttle's lost and won
Third Witch
That will be ere the set of sun
First Witch
Where the place?
second Witch

Upon the heath
Thir d“ itch

There to meet with Macbeth
First “ itch
| come, Gravmalkin'
Second Witch
Paddock calls
Third Witch
Anon
ALL
Fair is foul, and foul is fair
Hover through the fog and filthv ai

i
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User Interface: Product Face
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Product Face
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Product Face
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Design Option
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New Visual Design

* New Visual Style will not change the usability issues.
* Same Person -- Different Dress

Abbas Moallerm, Ph.D. © ux Experts, LLC 4




What do you think about this dashboard?
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PROCESSING MODEL

Bottom-up, Top-down

Abbas Moallerm, Ph.D. © ux Experts, LLC



Top-down perception

* Knowledge, expectations, or
thoughts influence perception

* Constructivism: we structure the
world

* Perception is not determined simply
by stimulus patterns; ratheritis a
dynamic searching for the best
interpretation of the available data.”
(Gregory, 1966)

Abbas Moallem, Ph.D. © ux Experts, LLC
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Top-down and Bottom-up

721846 A shoiseon

B should be on

C should be on
4992 D should be off
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Bottom-up perception

* Physical characteristics of stimulus.
* Realism.

Abbas Moallem, Ph.D. © ux experts, LLC 48



Top- down and Bottom- up

Then it may be better to use small text.

= Abbas Moallem, Ph.D. © ux experts, LLC 49



PROCESSING MODEL

Parallel Processing
Serial Processing

Abbas Moallerm, Ph.D. © ux Experts, LLC £



Parallel & Serial Processing

Graphical information displays can
often be processed in parallel, as
opposed to textual displays, which are
processed serially.

Abbas Moallern, Ph.D. © ux Experts, LLC

Serial processing
A
==
59

Parallel processing
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Serial Processing

Gross National Income

Country 2014

Australia 1,444 201

. Brazil 2,429 720
Which country has e 1785.099
. China 10,096,966

the highest GNI? = ey
Germany 3,853,623

India 2,027,964

ltaly 2,147 247

Japan 5,339,076

Mexico 1,237,533

Russia 1,930,634

South Korea 1,365,797

Spain 1,366,027

United Kingdom 2,801,499

United States 17,611,491
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Serial Processing

Which country has the
highest GNI?

Abbas Moallem, Ph.D. © ux Experts, LLC

Country
Mexico
South Korea
Spain
Australia
Canada
Russia

India

Italy

Brazil

United Kingdom
France
Germany
Japan

China

United States

Gross National Income

2014
L, 237 133
1,365,797
1,366,027
1,444,201
1,785,099
1,930,634
2,027,964
2,147,247
2,429,720
2,801,499
2,844 284
3,893,623
9,339,076

10,096,966
17,611,491



Parallel Processing

20,000, 000
18,000, 000
16,000, 000
Which country has ewm
the highest GNI? oo

10,000, D00
8,000,000
6,000,000
4,000,000

2,000,000
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Parallel Processing

Which country
has the highest
GNI?

Abbas Moallerm, Ph.D. © ux experts, LLC

20,000,000
18,000, 000
16, 000, 000
14, 000,000
12,000,000
10,000, 000
8, 000,000
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Signal Detection Methods and Theory

* On the occurrence of the trial event, the subject sets the information presented
and decides whether this information is sufficient to warrant a signal present
response. sample of information Is assumed to provide a value along continuum
of evidence states regarding the likelihood of the signal being present.

* The noise ftrials form a probability distribution of states, as do the signal trials.
The decision that must be made on a trial can be characterized as whether the
event is from the signal or noise distribution.

* The subject is presumed to adopt a criterion value of evidence above which he
or she responds signal present and below which he or she responds signal

absent.

Abbas Moallern, Ph.D. © ux Experts, LLC
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Serial Search Model

* Search any visual filed for something, we distinguish between.
* Target.
* Non-Target (distraction/Noise).

* Search is serial when each item is inspected in turn to determine
whether it is not a target.

Abbas Moallem, Ph.D. © ux Experts, LLC
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Signal Detection Methods and Theory

* In a signal detection task, some event is classified as a signal

and the subject's task is to detect whether the signal is
present.
— Trials on which it is not present are called noise ,

— The proportion of trials on which the signal is correctly identified as present is

called the hit rate,

— and the proportion of on which the signal is incorrectly identified as present is

called the false alarm rate.

— By using the hit rate and false alarm it is possible to evaluate whether the effect

of a variable is on discriminability or response bias.

Abbas Moallern, Ph.D. © ux Experts, LLC
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Example Vigilance Task

a subject is asked to monitor a display for certain
changes in it (e.g., the occurrence of a rare (stimulus).

= The most common finding for vigilance tasks is called
decrement:

— the hit rate decreases as the time on the task increases.

— the primary cause of the vigilance decrement is an increasingly strict
response criterion.

— That is, the false alarm rate as well as the hit rate decreases as a function of
time on task.

— Perceptual sensitivity seems to be affected as well when the task requires the

subject to compare rapidly presented events to information in memory to
identify the events as a signals or nonsignals.

Abbas Moallern, Ph.D. © ux Experts, LLC
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Serial Search Model

* Average time to find target
- T=(NX1)/2

— | = Average inspection
— N = Total number of item

Abbas Moallem, Ph.D. © ux Experts, LLC

61




Discrimination, Discriminability
and Redundancy Gain

Abbas Moallem, Ph.D. © ux Experts, LLC e



Discrimination

* Ability to discriminate between one of the two signals rather than to detect
the existence of a signal.

* Just Noticeable Difference or JND
* Weber’s Law

threshold)

Al (difTerence

o
Background Intensity (1)

Abbas Moallem, Ph.D. © ux experts, LLC
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Redundancy Gain

Altitude

Attitude

Redundancy 15 not simply the same as repetition

Alternative Physical forms

= Abbas Moallem, Ph.D. © ux Experts, LLC 64




Discriminability

- —

Attitude

Abbas Moallem, Ph.D. © ux Experts, LLC
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Weber’s Law

The Weber—Fechner law attempts
to describe the relationship
between the physical magnitudes
of stimuli and the perceived
Intensity of the stimuli.

— Ernst Heinrich Weber (1795-1878)

— Gustav Theodor Fechner (1801-1887)
later

=

Al idifMMerence threshold)

-
Background Intensity (1)

Abbas Moailern, Ph.D. © ux Experts, LLC

Weber's Law states that the ratio of
the increment threshold to the
background intensity is a constant.
So when you are in a noisy
environment you must shout to be
heard while a whisper works in a
quiet room. And when you measure
increment thresholds on various
intensity backgrounds, the thresholds
increase in proportion to the

background.
Al
=K
[+a
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What is Response Selection?

Hick-Hayman Law

Abbas Moailerm, Ph.D. © ux Experts, LLC e



Response Selection

* Refers to the processes involved in determining what
response Is made to a particular stimulus.

* It is affected by the variables of a number of alternatives,
stimulus-response compatibility.

* As the number of stimulus-response alternative increases,
reaction time increases as a logarithmic function of the
number of alternatives (Hick, 1952; Hyman 1953).

&. G &. &: :::
LA Dy Response [

Abbas Moallern, Ph.D. © ux Experts, LLC
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Hick-Hyman Law

* Developed simultaneously by Hick (1952) and Hyman (1953)

* Given a set of n stimuli, associated one-for-one with n responses, the time
to react (RT) to the onset of a stimulus and make the appropriate response

IS given by:

RT=a + b log,(n)

* Log,(n) has units “bits”
* a and b are constants determined empirically through linear regression

Abbas Moallern, Ph.D. © ux Experts, LLC
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Hick-Hayman Law

* Choice Reaction Time

— Given a set of “n” stimuli, associated one for one with “n” responses, the time
to react (RT) to the onset of a stimulus and to make the appreciate response is
given by:

— RT=a+blog2(n)

— Where a is the base processing time and be Is the amount that RT increases
with increases in N.

The slop of the Hick-Hyman function is influenced by many factors. For
example, the slope decreases as subjects become practiced at a task.

Abbas Moallern, Ph.D. © ux Experts, LLC
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Hick-Hyman Law Example

* Question:
— If n =26, what is RT?

* Answer:
— RT=0.2 log,(26) = 0.940 seconds

* |s this useful?

Abbas Moallern, Ph.D. © ux Experts, LLC
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How long will take to find “Sesco”?

Lucius Panil

d D n=19, whatis RT?
inorah Lathen Answer:
RT =0.2 log,(19) = 0.25 seconds

Shon Devries
Randal Sommer
Raymundo Axford
Jonathon Cotton

Abbas Moallem, Ph.D. © ux experts, LLC 79



* Organizations
* Charts

* Encoding
* Rapid Perception,, eﬁ.
* Salience - :

T mn

. =5
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Constructivism

* An epistemology or a philosophical framework

* Theory of learning

— Argues humans construct meaning from current knowledge structures.

— These arguments about the nature of human learning guide constructivist learning theories and
teaching methods of education.

Abbas Moailern, Ph.D. © ux Experts, LLC
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Constructivism

* Jean Piaget
— Swiss philosopher, natural scientist and developmental theorist (August 9, 1896 — September 16,

1980)
* Lev Vygotsky

— Russian developmental psychologist and the founder of cultural-historical psychology
(November 1896 — June 11, 1934)

— Social interaction plays a fundamental role in the development of cognition.
Vygotsky (1978) states: "Every function in the child's cultural development appears twice: first, on the
social level, and later, on the individual level; first, between people (interpsychological) and then inside
the child (intrapsychological). This applies equally to voluntary attention, to logical memory, and to the
formation of concepts. All the higher functions originate as actual relationships between individuals.”

(p57)

Abbas Moallerm, Ph.D. © ux Experts, LLC
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Constructivist Theories

* Perception involves the intervention of representations and
memories.

* What we see is not a replica or copy of the world such as the image
that a camera would produce.

* Instead, the visual system constructs a model of the world by
transforming, enhancing, distorting and discarding information.

Abbas Moallem, Ph.D. © ux experts, LLC
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Effect of Construction

Provides us with a more constant view of the world than if we were merely to
“see” the images that impinge on our retina.

OLICIL | P~
1000~
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Gestalt Principles

The ability to interpret the meaning of scenes and objects based
on innate laws of organization, or Gestalt principles.

Objects in a scene appear to group pre-attentively according to
certain laws or principles.

Abbas Moallerm, Ph.D. © ux Experts, LLC 79




Gestalt Principles

* Proximity: Perceiving a whole as organized into subsets or
groupings, which in turn are organized into parts

* Similarity: Objects with similar properties (e.g. shape, color)
* Closure: Completing missing parts of a figure

* Good Continuation: Objects that define smooth lines or
curves

* Symmetry: Objects that form symmetrical patterns
* Periodicity: Objects that form periodic patterns

Abbas Moallerm, Ph.D. © ux Experts, LLC
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Gestalt Principles

81
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Gestalt Principles

81
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Example

ABC 121314

3

Abbas Moallerm, Ph.D. © ux Experts, LLC 8



The Gestalt Laws of Perceptual Organization

Describe what pattern principles are shown below:

(a) (b)

(c)

Abbas Moallem, Ph.D. © ux Experts, LLC
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Grouping

| #r

Adapted from Del Coates, 2003, Watches Tell More than Time

Abbas Moallerm, Ph.D. © ux Experts, LLC
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Grouping

Abbas Moallem, Ph.D. © ux Experts, LLC

¥

i

PLAY

STOP

oUT

HOOK

| 2 3
- 5 i
7 8 9
"
D

Adapted from Del Coates, 2003, Watches Tell More than Time
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Example
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Pennsylvania
Bedford Motel/Hotel: Crinaline Courts
(814) 623-9511 S: %18 D: $20
Bedford Motel/Hotel: Holiday Inn
(814) 623-9006 S:$29 D: $36
Bedford Motel/Hotel: Midway
(814) 623-8107 S: %21 D: $26
Bedford Motel/Hotel; Penn Manor
(B814) 623-8177 S:519 D: %25
Bedford Motel/Hotel: Quality Inn
(814) 623-5189 5:523 D: $28
Bedford Motel/Hotel: Terrace
(814) 623-5111 S: §22 D: 524
Bradley Motel/Hotel: De Soto
(814) 362-3567 S:820 D: $24
Bradley Motel/Hotel: Holiday House
(814) 362-4511 S: %22 D: S25
Bradley Motel/Hotel: Holiday Inn
(814) 362-4501 S:832 D: $40
Breezewood Motel/Hotel: Best Western Plaza
(814) 735-4352 S:520D: 527
Breezewood Motel/Motel: Motel 70
(814) 735-4385 S:%16 D: $18

86
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Example

Abbas Moallem, Ph.D. © (ideipeheqic

South Carolina

City

Charleston
Charleston
Charleston
Charleston
Charleston
Charleston
Charleston

Columbia
Columbia
Columbia
Columbia
Columbia
Columbia
Columbia
Columbia

Motel/Hotel

Best Western
Days Inn

Holiday Inn N
Holiday Inn SW
Howard Johnsons
Ramada Inn
Sheraton Inn

Best Western
Carolina Inn

Days Inn

Holiday Inn NW
Howard Johnsons
Quality Inn
Hamada Inn
Vagabond Inn

87

Phone

747-0961
881-1000
744-1621
556-7100
224-4148
774-8281
744-2401

796-9400
799-8200
736-0000
794-9440
f72-7200
772-0270
796-2700
796-6240

Rates

Single Double

$26
%18
$36
533
531
$33
534

529
$42
$23
$32

25
534
236
$27

$30
$24
$46
347
$36
$40
342

$34
548
$27
$39
527
841
544
$30

a7
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Visual Attribute
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Visual Attribute

Research shows that human eyes tend to
move from:

Large to small size

Irregular to regular shape

Dark to light shape

Saturated to unsaturated color .

Abbas Moallem, Ph.D. © ux Experts, LLC
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Visual Attribute- Form

Length Width
Size Shape
o o0 0 © 0 0
eo@eo o ¢ o Nl
e 060 0 © 0 0
e o0 0 © 00

Abbas Moallern, Ph.D. © ux Experts, LLC

Orientation
|
/
|
Enclosure Blur
o0 0 o ® o0
o opm o ® 0 ©
o 00 o ¢ o0
® 00 o ¢ o0

Stephen Few, Mow You See i, 2013
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Visual Attribute- Color

Hue

® & ¢ ¢
® @ 0 o
® & & ¢
® & & ¢

Abbas Moailem, Ph.D. © ux experts, LLC

Intensity

Slephen Few, Mow You See i, 2013
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Visual Attribute- Spatial Position

2 D Position Spatial Grouping
¢ 00 *0 o0
L]
&
L
s °o®
C ::

Stephen Few, Mow You See i, 2013
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Tribute for Quantitative Data

_ Attribute
Color Hue No
Intensity Yes, but limited
Position 2-D Position Yes
Form Orientation No
Line length Yes
Line width Yes, but limited
Size Yes, but limited
Shape No
Added marks No
Enclosure No
Motion Flicker Yes, based on

speed, but limited

Slephen Few, Information Dashboard Design , 2006

Abbas Moallem, Ph.D. © ux Experts, LLC
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Encoding Data for Rapid Perception

Abbas Moallerm, Ph.D. © ux Experts, LLC 95



Exercise

Try to count quickly number of time the
number 5 appears in the list

27837154218359880932432320919351173
8997838130446591671126039231573122
763323661531749645975746631246973
948794779133179944037502587296221
43443939238496928327222924484 7967
431

Abbas Moallerm, Ph.D. © ux Experts, LLC 57
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Charts & Graphics

* Visualize data
* Visualize new or abstract concepts

* Visualize physical and technical concepts that are invisible to
the eye

* Communicate a large amount of information efficiently and
effectively

Abbas Moallem, Ph.D. © ux Experts, LLC 99




Word Versus Charts

T I;l-' o
MNons

Business Unit 1's sales were $2n0
$200 million, but business
Unit 2's sales were much

lower with $100 million.
3100

Abbas Moallern, Ph.D. © ux Experts, LLC
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Chart Types

Abbas Moallern, Ph.D. © ux Experts, LLC

T
T

i
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Gross National Income

Abbas Moallem, Ph.D. © ux Experts, LLC

/B

B Mexico

B South Korea
Spain

B Australia
Lanada

B Russia
India

B Italy
Brazil

B United Kingdom
France

B Gemmany
Japan
China
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Gross National Income

Abbas Moallem, Ph.D. © ux Experts, LLC

20,000,000

18,000,000

16,000,000

14,000,000

12,000,000

10,000, 000

8. 000000

&, 000, 000

4, 000,000

2,000,000
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Gross National Income

20,000,000

18,000,000

16,000, 000

14,000,000

12,000,000

10,000, 000

8,000,000

6. 000,000

4 000,000

2,000,000
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3 Dimensional Charts

Abbas Moallem, Ph.D. © ux Experts, LLC 105



Line Chart

Effective
* To spot trends and patterns in the data.
* To understand the general trends,

* To show fluctuations, and patterns associated
with a data set.

* Good to compare two or more related data sets.

- P -
Emall LISt rown

Abbas Moallern, Ph.D. © ux Experts, LLC
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Bar Charts

Effective
* To compare two or more values that fall within the same category,

* To show multiple, similar data sets relate to each other.

Abbas Moallern, Ph.D. © ux Experts, LLC
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How about these charts?

Thr oughput (MByvies Per Hour )

Abbas Moallem, Ph.D. © ux Experts, LLC 108



What is wrong in this chart?

140
120

100

Abbas Moallem, Ph.D. © ux Experts, LLC

Howerclflen do youfogaet your pissword Lo kogin o anapphcaton thet you use ey and your user nerme ancd
pesswnrd e ot abeady saved?

Every Lima

Orften

Sometimes

Seldom

e ey

B Exvery ime

|_'|:I!'I=r

O Somebmes

B Never
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Bullet Graph

* Effective on a dashboard
* Requires less real state
* Provides several indicators

Oh 10h 20h 30h 40h

Abbas Moallern, Ph.D. © ux Experts, LLC

60h

TR

80h

S0h

_—
—
-
_
—_—
——
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Sparkline

Effective to

* Display patterns

* Trend of change through time
* Use in dashboards

Can be
* Stand alone or part of a series
* Display a particular range of values

Abbas Moallerm, Ph.D. © ux Experts, LLC
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Sparkline

Market Movers

Mosl Actives

More

Abbas Moallern, Ph.D. © ux Experts, LLC

13.58
.2

73,061,193
54,575,518

54 348 196

oy
l_ gl Vi
-
=
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Typography in Charts

GROSS NATIONAL INCOME

GNI for 16 countries Source United Nation

20,000,000
18,000,000
16,000,000
14,000,000
12,000,000
10,000,000
8.000,000
€,000,000
4,000,000

2,000,000

? % 2 & P & & .
A 4 'fgb o ¥ 3 & N & 4 " o [ ¥
o o B F o &% rﬁé“ b 2 ¥ ¢+ & & &
o 38
=2 & F
M:.w.l"-'."“

Abbas Moallern, Ph.D. © ux experts, LLC
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Typography in Charts

* Don’t use all uppercase letters and white letter on black background
Don’t use bold italic text

Don’t use bold text for numbers on the scale

* Don’t set type at an angle

Abbas Moallern, Ph.D. © ux Experts, LLC
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Typography in Charts

* Provide a headline for the chart
* Provide a short description of the chart
* Use bold to increase legibility on a shaded background

Abbas Moallern, Ph.D. © ux Experts, LLC 115




Tables

Abbas Moallern, Ph.D. © ux Experts, LLC
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Text and Sparkline

2,316.10 e 20,269.37 : 5,734.13 e 54.32 e

Abbas Moallern, Ph.D. © ux Experts, LLC
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%,

Gauges

Abbas Moallern, Ph.D. © ux Experts, LLC
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Gauges

Effective

* To demonstrate when values are either hitting
their target or missing the mark

* To track single metrics that have a clear,
immediate objective

* Not always useful for a computer dashboard

Abbas Moallem, Ph.D. © ux Experts, LLC
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What do you think about this design?

Chick arvy g L opion @ chan of its Bafuncal pooroelion o e stock merked

Sl BE INYENTORIES

hitps://www crystalbull. com/?gchd=CpwKEAIAZ4XFBRCWS fv)6-
2BUFMSJAAHe GZDbOfZkzmikSzcQzxUTaX MoNV4 NxWIVVMpD
wWYB_gengzhol Rtbw_wcb
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New Design
NETGEAR" Smart Network RO ST

=
My Apps Aroadband Tratfic Meter

sriclaw Jafmaary ) 20l 1 1 ] Aks Broadbuard Tralfe Ml e o ML S -

Your Current Data Usage

0GB Limit 150 GB

"l | It'-,.'-.ll I'| I1I||

fralflc Meler Sellings
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Readability and Legibility

Readability is the ease with
which a reader can understand
a text.

* It depends on

— Content (the complexity of its
vocabulary and syntax)

— Presentation (such as typographic
aspects like font size, line height,
and line length).

Abbas Moaillerm, Ph.D. © ux Experts, LLC

Legibility is he quality of being clear
enough to read

Typeface

Output/viewing device, resolution

Line length/column width

Letter spacing, word spacing, line spacing
Justified versus ragged columns
Movement

= Color

- Viewing environment

125



Typographic Guidelines

* Letter Spacing:
— Too tight word spacing makes words difficult to distinguish from the next.

— Too wide word spacing, gaps between word don’t allow the eye to forms word
group easily.

— Line Spacing/Leading
* Spaces between lines of test, or leading, should increase in relation to

type size.
— Line Length/Column Width

* Justified Versus Ragged Right

— Unless the type is manually set or justified, it is better to use a ragged right
column.

Abbas Moallern, Ph.D. © ux Experts, LLC 196




Typographic Guidelines

* Serif and Sans Serif

— Serif is the stroke that projects from the top or bottom of the main stroke of
the letter.

— Sans Serif have no serifs at all; these letterforms are called sans serif.

* Sans Serif is often easier to read online, depending on:
* Type size and monitor resolution

* Sans Serif or Serif can be effective for contrast when
combined with size or weight changes.

SERIFS
SANS SERIFS

Abbas Moallerm, Ph.D. © ux Experts, LLC
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Serif and Sans Serif Example

Abbas Moallerm, Ph.D. © ux Experts, LLC

AgBblcDaEeFtGgHhlijKkLIMmMNNOQoPplgRros TIUuYvWwXaYyiz
AaBbCcDdEeFtGgHhliJjKkLIMmNNOoPpQqRrSsT

AaBbCcDdEeFtGgHhIliJjKkLIMmNnOoP

AaBbCcDdEeFtGgHhliJjKkLIMmNnR

Fulira In The Past, or A Triumph of Geometry. developed by Paul Renner in 1928, this fonl may be called the
E[HI"III’&Q j'.H:'.l:-I'I| of sans serif |'I|5'.l.’:|§"_.' in our centurny
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Typographic Guidelines

* Combining Typefaces
— It is important to decide whether the goal is harmony or contrast
— General rule is not to use more than two different typeface on one page
— Contrast in weight (boldness)
* Combination of faces: Bold regular
— QOutput device and viewing environment
* Monitor resolution, Print quality, Poor lighting

Abbas Moallerm, Ph.D. © ux Experts, LLC
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Typography

* X-Height
— Height of the main element of a lowercase = ‘
letter and is equivalent to the height of a p 111X e
lowercase X. o
* Ascenders and Descanters

— Ascenders is part of lowercase letter that
rises above the body (x-Height) of the letter.

— Descanter refers to the part of the ;
lowercase letter that falls below the body (x- ‘ K
Height) of the letter. .

Abbas Moallem, Ph.D. © ux Experts, LLC
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Advantages of Using of Color

* Aesthetic value

* Supports a theme or brand
* Provides grouping

* Shows relationships

* Draws attention

Abbas Moallem, Ph.D. © ux Experts, LLC
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Color Vision

* Cone cells are called "red, green, or blue" based on the photo
pigment they contain.

* Photo pigments are sensitive to different wavelengths of light,

— Long-wavelength sensitive ("red"),
— Middle-wavelength sensitive ("green"), and
— Short-wavelength sensitive ("blue").

* L, M, and S are common abbreviations

for "red”, "green”, and "blue” when
referring to photo pigments.

Abbas Moallem, Ph.D. © ux Experts, LLC
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Visual Disabilities Color Blindness

* “Red-green” color blindness is common — about 4-5% of
the population.

* 8-10% of the male population is “red-green” colorblind.

* Many people with low vision are also unable to distinguish
among some or any colors.

* A significant portion of any population is “color blind”.

<.

Abbas Moallern, Ph.D. © ux Experts, LLC

137




Colorblindness

The spectral sensitivities of the cone pigments and spectrum in color normal
trichromats are compared with those of a color blind person:

o I‘n. HDIT‘lEtIC Vlsmn
-""”T'Iﬁtflﬂ Sevara Rad-Gresn oo DafichEncy

@ @

= 01

Yvavelngih (nanomelers)
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Examples of Colorblindness

Normal Trichromat Dichromat

Absorption
Absorption

400 | 650 400 650
Wavelength (nmj Wavelength (nm)

Abbas Moailerm, Ph.D. © ux experts, LLC

Anomalous Trichromat

Absorption

400 N E;{i
Wavelength (nm)
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Simulated Color-Blind Vision

Normal Yision Simulated Color Blind Vision

Abbas Moallem, Ph.D. © ux Experts, LLC
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Simulated Color Blind Vision

Original Image Protanope Simulation

Abbas Moallemn, Ph.D. © ux Experts, LLC 144




Use of Color for People with Colorblindness

* Color should be used with care to ensure that color-blind people
can view the information.

* Color should not be used as the only way to convey information.

* Pages that are printed on black and white printers can also become
unintelligible if color is the only way information is being conveyed.

Abbas Moallem, Ph.D. © ux Experts, LLC 145




Graphics

Clear graphics are very important because
graphics are often the source of the most
difficulty. Here are two examples showing the
difference between good and bad use of color:

Abbas Moallem, Ph.D. © ux Experts, LLC 146




Example-Deuteranope

Original Image Deyuteranope Simulation

Connection Stats Mail Stats Connection Stats Mail Stats

CONNECTIONS: MESSAGES: CONNECTIONS: MESSAGES:

0 Accepted: O B Virus: 0 O Accepted: O B Virus: 0
Blocked: 0 O Junk: O Blocked: 0 0O Junk: O
B ODHA: O O Bulk: 0 B DHA: O O Bulk: 0
B DOS: 0 O Leqgit: O B DOS: 0 O Leqgit: 0
O DHSEL: O L DHSEL: O
O Other: O O Other: O

iﬁ Deuteranope (a form of red/green color deficit)

i G G e e e e o e S s e L
m Frotanope (another form of red/green color deficil

P 2 :

iﬁ ritanope (a blug/yellow deficit- very rare

Abbas Moallem, Ph.D. © ux Experts, LLC
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Example

Use icons of different shapes and colors to denote status:

Percent Change: 10% Percent Change: 10%
W Compliance @ Compliance

& Stafing ® Stafling

& Tumove Turnover

= Abbas Moallem, Ph.D. © ux Experts, LLC 148




Color Coding

* One color dramatically speeds up search time.

* More than six colors can eliminate the benefits of color and
slow down performance.

* Messages must also be clear without color (color blindness).
* Cultural value

Abbas Moallem, Ph.D. © ux Experts, LLC 149




How to use color

* Make text/background ratio high in contrast.

* Keep background low contrast and simple to reduce visual
noise.

* Do not create pure or blue text on white background-
chromatic aberration.

* Do not use highly saturated colors together.
— Red and blue- chromostereopsis.

Abbas Moallem, Ph.D. © ux Experts, LLC
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How to use color

* Never use more than six colors on one display (page or screen).

* Be sure that there is adequate contrast among the colors and
between background and foreground objectives.

* Do not pair spectrally distant pure colors, and surround colors
with complementary colors.

* Red and navy create an alternating stereoscopic effect. Avoid
this color combination.

* Black and white is the most legible combination.

* Other acceptable combinations are red or blue on white, never
use yellow on white

&YW !
e It )

=,
,.
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How to use color

* Black and white is the most legible combination.

* Other acceptable combinations are red or blue on white, never
use yellow on white

* White on black is the second most legible color combination.

* Other acceptable combination are yellow or green on black,
never use blue, red, or magenta on black.

* Always assign meaningfully.

* Never assign a color without understanding its emotional
social and cultural associations

Abbas Moallem, Ph.D. © ux Experts, LLC
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How to use color

* Be sure objects are large enough to carry color. An object
should be at least this big to carry color.

*000000O

* These are 39 point letters.
* Do not use color for tight patterns.

* If you must color code text, color code the , hot
selected letters.

* Always test color under actual viewing conditions. Color on
screen appears much lighter than the same color appear on

printed page.

Abbas Moallem, Ph.D. © ux Experts, LLC
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How We Perceive Color

* Subjective
— Black and white stimuli produce pastel afterimages.
* Purkinje Shift

— Our sensitivity to various wavelengths shifts toward the shorter
wavelengths in poorly lit condition.

* Memory Color
— QOur perception of an object’s color depends on that object’s typical color.

* Color Categorization

— We name and remember blue, yellow, green, and red better and faster than
other colors

Abbas Moallem, Ph.D. © ux Experts, LLC 154




Most Distinctive Colors

While

Yallow

Abbas Moallem, Ph.D. © ux Experts, LLC 155



Separate Strong Opponent Colors

Placing opponent colors right next to or on top of
each other causes a disturbing shimmering
sensation, and so it should be avoided

Abbas Moallem, Ph.D. © ux Experts, LLC
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Use Color With Other Cues

OVQV v . &

0006

Abbas Moallem, Ph.D. © ux Experts, LLC 157



Color and Cultures

Country - Yellow

China Happiness | Birth Heaven
Weailth Claude
_ Power
Eg}-‘pt Death Happiness | Fertility
Prosperity Strength
France Aristocracy | Temporary | Criminality | Neutrality
Peace
India | Life Success Prosperity Death
| Creativity Fertility Purity
Japan ] Stop Grace Future Youth
' Danger Nobility Energy
United zl Stop Cowardice | Safety
States Danger Caution Go
Purity

Abbas Moailerm, Ph.D. © ux Experts, LLC
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Color and Mapping

Color

Mapping

Bleu

Erage All Ink on

S
End Showey

Slide

Water

Dead Vegetation

Mew Vegetation

Blood, Fire

sSun

Abbas Moailem, Ph.D. © ux Experts, LLC
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Color and _Cultures

Color Culture Association
Westemn | Danger
Japanese Anger
Chinese Joy
Yellow Westem Caution, Cowardice
Yellow Japanese Honor Royalty
Yellow Chinese Happiness, Prosperity

Abbas Moallem, Ph.D. © ux Experts, LLC
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Western Cultures Social Associations

Color Social Association
Evil
Bleu Male, Authority
b ' Nio Female, Helplessness
Gota S Stop
htouse Pointer as Pen
ey Wedth Gmd
Lhange Pen Colos
Erace All Ink on Shid

Abbas Moallem, Ph.D. © ux Experts, LLC
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Color and Mapping

Color Mapping
Bleu Water

Dead Vegetation

st

Blood, Fire

Yellow Sun

Abbas Moallem, Ph.D. © ux Experts, LLC
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Western Cultures Emotional Associations

Color

Emotional Association

Cold, Calm, Innocence

Richness. Wisdom. Honor

Orange

Friendliness, Pride, Gregariousness

Red

Aggression, Impulsiveness, Shame

Yellow

Caution, Cowardice, Betrayal

Abbas Moallern, Ph.D. © ux Experts, LLC
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Weste
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Icon

* lcons are assumed to be easier to learn and remember
than commands

* Can be designed to be compact and variably
positioned on a screen

Abbas Moallem, Ph.D. © ux Experts, LLC 165
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Icons

1 5 9 13
2 — 6 10 14 =
N N EE K
—— N — I ——
3 T 1" 15
4 8 — 12 — 16 —
xa ol i ()

Abbas Moallem, Ph.D. © ux Experts, LLC
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Simple Icons Plus Labels

X
o
2
*
B

2] )

Abbas Moallermn, Ph. DBYHCEpeh£qTc

Delete
Redo
Undo
Properties
Cut

Copy

Paste

Folder Options

Views

167

K;;) Back
\.) Forward
X

| otop
% Refresh
g| HOme
Search
Favorites
ef:f History

Mail

Lp
Move To
Copy To
Folders
Open
Save
Print
New

Print Preview
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Other Page Design Techniques

* White Space

— Extremely effective to visually open up a page, focus attention, help group like kinds of
information.

* Grid
— Distribution of visual elements in a clearly intelligible order.

Field of Vision
— What a user can see on a page with little or no eye movement.

— Main area where the eye rests to view most of the page.
* Proximity
— Placement of visual elements physically close.

lllusion of Depth

— Layering, overlapping perspective, size contrast and color reinforce

Abbas Moallern, Ph.D. © ux Experts, LLC
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Digital Forms

* Alphanumeric representation of data
* Effective where precision is required
* Tells user an exact measured value at the point in time

Abbas Moallem, Ph.D. © ux Experts, LLC
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Analog Form

* Are graphical representation of data

* Are effective for showing context and changes
over time

* Require the establishment of a frame of
reference
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Analogue Display

S0
40
30
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Digital Forms

* Alphanumeric representation of data
* Effective where precision is required
* Tells user an exact measured value at the point in time
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Combination of Analog and Digital

Current Value

High Lt High Lumut High Limut

Current Value

High Limut High Linut High Limut

Current Valu

Current Value 4100.3 Current Value 4523.5 Current Value 4600.1
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Salience

* Large

* Moving

* Flashing

* High contrast with the background
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Focus




Sahmple




Example

*
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Data-Ink Ratio

* Tufte refers to data-ink as the non-erasable ink used for
the presentation of data. If data-ink would be removed
from the image, the graphic would lose the content.
Non-data-ink is accordingly the ink that does not
transport the information but it is used for scales, labels
and edges. The data-ink ratio is the proportion of ink
that is used to present actual data compared to the total
amount of ink (or pixels) used in the entire display (ratio
of data-ink to non-data-ink).

According to Tufte, 18963
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Data Ink

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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Data Ink- Example

B Jan Feb Mar Apr May
Jun Sep
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Example

Integrated Defense Acquisition, Technology, and Logistics Life Cycle Management System
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Interactivity

AFFORDANCES, DIRECT MANIPULATION &
CONSTRAINTS
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Affordances of the Objects
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Manipulation & Affordances
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Affordances
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Questions/Answers
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Direct Manipulation

Direct manipulation systems have icons representing objects, which can be
moved around the screen and manipulated by controlling a cursor with a
mouse.

These systems have the following features:
= Visibility of the objects of interest
= Rapid, reversible, incremental actions

= Replacement of complex command language by direct manipulation of the
object of interest
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Dashboard Design Architecture

High I__euel Design: Less

Information For information but
Important Decisinn essential information -
or Action Intelligent Visualization

Searchable Raw

Detail Information Data
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Principles

Highlighted Information

One Screen Important Data for Decision Making

Visual Appeal
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