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Outline

What is Visualization?

Why Visualize?

Data = Visualization




Visualization: what
is?

* Visual representations of data that reinforce
human cognition




Perhaps a What are some ways

more helpful a “visualization” can
question: be useful?
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e Data can be classified in three
groups \

e Qualitative (Attributes)

1. Nominal
2. Ordinal

Types of data

* Quantitative (Metrics)
3. Numeric




e Data that be counted, but not
ordered or aggregated.

 Examples:
Qualitative:Nominal — Products — Books, Movies,
data Music

— Gender — Male, Female

— State — Virginia, Nevada,
California




,-

e Data that can be counted and
ordered, but not aggregated.

Qualitative: i |
. * Examples:
Ordinal data — Date—1/1/2014, 1/2/2014...
— Grades — A, B, C...

— Ranks — Like, Neutral, Dislike




Metrics

 Quantitative data that can be counted, ordered, and
aggregated.

 Examples:
— Revenue, Cost, Profit
— Number of Customers
— Temperature
— Time
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Ordinal  Some data can be used as
! either ordinal or metrics.
Attributes Their classification is
and Metrics dependent on usage.
 Examples:
— Age

— Scores




Types of visualizations

Bar charts (histograms)
Line charts
Scatterplots

Maps

Pie Charts

Network (graphs)

...many others (will see creative examples)



Bar Charts
(histograms)

* Vertical bar charts are useful
to compare different nominal
(categorical or discrete)
variables, such as age groups,
classes, schools, etc., as long as
there are not too many
categories to compare.

10

|
|
|
|

Favorite '/"1‘/,'}(' «'{,’ Mouvie

-

Comedy

Action Romance Drama

SciFi




Line charts

Device sales

Units sold (In millions)

80
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= Phones == Tablets Laptops

Jan Feb March April May June

Month

Line charts show trends of numerical data (metrics)



Scatterplots

* Shows the relationship
between two continuous
variables

e Each pointin the plot
represents an observation

* You can change color of
points to highlight groups
(e.g., gender)

Scatterplot of F_Weight vs F_Height, M_Weight vs M_Height
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Another

example
scatterplot
(enterprise
value/revenue
Vs growth)
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Sometimes it is nice to show a trend line in the scatterplot



» Useful for analysis with a
strong geographic
component

* Remember: color scale
comparisons are harder for
humans than size
comparisons. Keep this in
mind as you choose
between a map or another
layout.



How Much Water Do We Use?

Pie Charts

* Almost never the right
choice (angular
comparison is hard)

* Use only if the following
2 conditions are met:

* You want to show

the relative
relationship Other
between 2-3 things 5.3%

* They must add up to Source: American Water Works Association Research
100%

Foundation, "Residential End Uses of Water.” 1999




Networks
(graphs)

e Useful for showing the relationships
between entities

* Can use color, size, etc. to encode
additional information about
nodes/edges

* Caveat: network diagrams quickly
become hairballs for large, dense
data.

THE COMMERCIAL GRAPH
An example of visualizing complex business ecosystems
through data.
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 Data have types
* Visualizations have types

 Reports have communication
objectives

Connecting
Data To

: : : * How do we map one onto the other?
VI Sud I |Zat|0 N 1. Depending on the information we want to

convey
2. Depending on the type of data we want to '

visualize /




SELECTING Depending on the

VISUALIZATIONS information we want
to convey




Do you want to compare values?

* Charts are perfect for comparing one or many value sets, and
they can easily show the low and high values in the data sets.

* To create a comparison chart, use these types of graphs:
— Column
— Bar
— Circular Area
— Line
— Scatter Plot
— Bullet



* Design Best Practices for Column Charts:

» Use consistent colors throughout the chart, selecting accent
colors to highlight meaningful data points or changes over time.

A column chart

is used to show  Use horizontal labels to improve readability.

-  Start the y-axis at O to appropriately reflect the values in your
a Compa rISOH graph,
among different
items, or it can T Chart Tite i
show a o
comparison of b o &
items over time. 1o = -

O O O




A bar chart, basically a
horizontal column
chart, should be used
to avoid clutter when

one data label is long
(e.g., “Individual
contributors” or if you
have more than 10
items to compare.

Excuses for being late to class

I had no clean pants to wear |GG
I thoughtit was Saturday |G
forgottoset my o |

It was still too dark, | thoughtit was still -
nighttime

| gotstuck in traffic ||

0 5 10 15 20 25

30



A line chart reveals
trends or progress
over time and can be
used to show many

different categories
of data. You should
use it when you
chart a continuous
variable (metrics).

40 —

30—

20 —

10—

Stock Monitoring, 2010

Mar Apr May Jun Jul Aug  Sep Oct Nov  Dec
Month

Portfolio 3 Portfolio 1 O Portfolio 2



Sunkost: Sales Target of 2010
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context in the

form of a ratmg or * In this example, the vertical withe bar is the target, the
pe rfO rmance. horizontal white line is what has been achieved so far



e Use this type of chart to show how
individual parts make up the whole of
something, such as the device type used
for mobile visitors to your website, or

DO you Wwa nt tO total sales broken down by sales
departments. Better suited to compare
ShOW the categories.
«com position » * To show composition, use these charts:
. — Pie
Of SomEthlng? — Stacked Bar

— Stacked Column
— Area
— Waterfall




A stacked (bar or
column) chart is used
to break down and
compare parts of a
whole. Each bar in the
chart represents a
whole, and segments
in the bar represent
different parts or
categories of that
whole.

[ JFerrari East
[ Ferrari Central

[ | Ferrari West

[ |BMWEast

I BMW Central
I BV W West




An area chart is basically a
line chart, but the space
between the x-axis and the
line is filled with a color or
pattern. It is useful for
showing part-to-whole

relations, such as showing
individual sales reps'
contribution to total sales
for a year. It helps you
analyze both overall and
individual trend
information.

Profit made by a chain of grocery stores

$35,000
$30,000
$25,000
$20,000
$15,000
$10,000

$5,000

SO
Jaruary February March April May June

mStorel mStore2 mStwored Stwore &

The thickness of a line for a given month shows how
a specific Store has contributed to total sales



Blur

Nirvana Green Day

Stream charts s YA
(a.k.o. area
charts)

Bert Kaempfert

January 2012 February

It shows the percentage of listening to a certain singer on
e.g. Spotify out of the top 10




A pie chart shows a
static number and how
categories represent
part of a whole -- the
composition of
something. A pie chart
represents numbers in
percentages, and the
total sum of all

segments needs to
equal 100%.

Favorite Type of Movie

SciFi: 4 (20%)

Drama: 1(5%)

Action: 5 (25%)

Romance: 6 (30%)



A waterfall chart should be used
to show how an initial value is
affected by intermediate values

-- either positive or negative --
and resulted in a final value.
This should be used to reveal
the composition of a number.

Sales Flow 2015

The graph showcases how subsequent
movements affected the total balance (increases in value are
coloured green and decreases are coloured red).



e Distribution charts help you to
understand outliers, the
normal tendency, and the range of

Do you want to

understa nd the information in your values.
. . : * Use these charts to show distribution:
distribution of _ Scatter Plot
your data? ~ Line
— Column

— Bar




A scatter plot will show the
relationship between two different
variables or it can reveal the
distribution trends.

It should be used when there are
many different data points, and you

want to highlight similarities in the
data set. This is useful when looking
for outliers or for understanding the
distribution of your data.
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Are you
interested in
analyzing

trends in your
data set?

e If you want to know more information
about how a data set performed during a
specific time period, there are specific
chart types that do extremely well.

* You should choose a:
— Line
— Dual-Axis Line
— Funnels
— Column



A dual axis chart allows you to plot
data using two y-axes and a shared
x-axis. It's used with three data
sets, one of which is based on a
continuous set of data and another
which is better suited to being

grouped by category. This should be
used to visualize a correlation or
the lack thereof between these
three data sets.
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A funnel chart shows a series
of steps and the completion
rate for each step. This can be
used to track the sales process

or the conversion rate across a
series of pages or steps (e.g.
from contacts to contracts).

Clicked 29.39%
Add to Cart 10.75%
Purchased 9.95%




Do you want to
better
understand the
relationship

between value
sets?

Relationship charts are suited to showing
how one variable relates to one or numerous
different variables.

You could use this to show how
something positively effects, has no effect,
or negatively effects another variable.

When trying to establish the relationship
between things, use these charts:

— Scatter Plot
— Heat maps
— Bubble

— Line

— Networks
— Spirals



A bubble chart is similar to
a scatter plot in that it can
show distribution or
relationship. There are 4
dimensions here: x and

y are numeric variables,
the colour allows to

incorporate disctete
(symbolic) variables, e.g.,
gender, and se size of the
bubble is a fouth numeric
variable

Hours Spent Online

30

22.5

15

7.5

0

0

O
Q
g“

Hours Spent Online by Age and Gender

® Female o Male

- 8 12
Age

The dimension of the bubble indicates the
dimension of the sample (e.g. how many

females aged 8 spend 30 hours online in a week)

16



A heat map shows the

) . A A [ B ( < | D | E | F | G | H | |
relationship between two 1 Heat Map Chart
Items and prOVIdeS ratlng :: 2012 2013 2014 2015 2016 2017 2018 2019
information, such as high to s an 228 - . o
low or poor to excellent. The 3 17— i e ot
rating information is displayed o T oy e e L
using varying colors or T T
; 12 |Sep 404 559
saturation. 13 Oct 374 513 758 600
14 Nov 659 466
15 |Dec 460 737




TOTAL REVENUE DISTRIBUTION OF FORTUNE 500 COMPANIES PER COUNTRY someka

Heat maps can
also be
geographical

maps

Min. Max.
$20.000 $40.000
$40.000  $100.000 -

$100.000 $500.000
$500.000  $1.000.000

$1.000.000 $99.999.999 Prepared by World Geographic Heat Map Generator - Excel Template




Network graphs
are useful to
show complex,

non-numerical
relations
between entities

THE COMMERCIAL GRAPH

An example of visualizing complex business ecosystems

through data.

COMPANY B
* % & 7 vy

SOURCE PLATFORM THINKING LABS

HBR.ORG



Although they
quickly become

unreadable




Time Axis & scale

Spirals

T

Start here

e Spiral Plots are ideal for showing large data sets,
usually to show trends over a large time period. T
This makes Spiral Plots great for displaying periodic
patterns. Colour can be assighed to each period to
break them up and to allow some comparison
between each period.

So for example, if we were to show data over a year,
we could assign a colour for each month on the
graph.

Single interval




In this time spiral each tnp around the aircle represents a | daz | b |

The center represent July 1, 2012 and the outer edge represents August 1, 2012,

10 PM 2 AM

S PM 3 AM

6 PM i : 6 AM

Spirals uses o

A
o
From: Jul 18, 2012 12:03 PM
= Yor Jul 18, 2012 7126 PM
Duration: 7 h 22 m

Max queue length: 14.91 miles

3 PM

2PM

1PM

12 PV

Maximum queve length <1 Il " D HEEENE > 10 miles

Here each trip around the circle represent a day, colors represent queue lenghts in streets




Spiral uses

(e.g.
Watson)

Here the spiral center is a “target” attribute, and dots represent
attributes (single or sets of attributes) that influence the value
of the target. The strength of influence decreases as we move
far from the centre along the spiral line

In this example we learn that "weekly hours worked" is mostly
correlated with the employment status, next with earnings,
next with age

What drives Weekly Hours Worked ® ?

Drivers Q, strength
. @® Employment Status 67%
@® Weekly Earnings 56%
3 @® AgeRange 24%
® Age 19%
@ Weekly Earnings Bucket  18%
.




SELECTING VISUALIZATIONS

Depending on the type of data we want to visualize



Remember the 3 types of data

Types of

visualizations also * Qualitative (Attributes)
depends on the » Nominal
type of data * Ordinal

* Quantitative (Metrics)
* Numeric




Comparative Analysis
Bar Chart - Sorted

Origin Airport Name

Airport Flight Traffic

Honolulu International

Kahului Airport

Lihue Airport

Keahole

Attributes
(nominal) and -

Los Angeles International

Portland International

[ ]
I I Ie l | ‘ S Metropolitan Oakland International

Sacramento International

San Diego International

San Francisco International

Sky Harbor International

San Jose International

T T T T T T
5,000 10,000 15,000 20,000 25,000 30,000
Number Of Flights &




Comparative Analysis
Avoid: Line Chart — Implies continuity between points

Horizontal Line - Absolute u

Origin Airport Name

Honolulu Trternational

Kahului Airport

Lihue Airport

Keahole

General Lyman

Seattle/Tacoma International

Mccarran International

Los Angeles International

Portland International

Metropolitan Oakland International

Sacramento International

San Dicgo International

San Francisco International

Sky Harbor International




Contribution Analysis — Few Elements
Pie Chart

- 1>]

Attribute
(Nominal) and

Metric

In a pie, colors indicate the values of the nominal attribute, the
width of each slice the percentage (metric)




Attribute (nominal, ordinal) and

Many elements: heat map

X and Y are attributes,
either nominal or ordinal;
the "heat" (intensity of a
colour) symbolizes a metric,
which might or might not
be explicitly represented

Metric

Arab States

East Asia and the Pacific

Europe and Central Asia

Latin America and the Caribbean

South Asia

Sub-Saharan Africa

Ale|[c[o[E|[FlGe[H]I1][S][k][L|M]|N

Average Monthly Temperatures at Central Park, New York

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Human Development Index by region (2010-2018)
W Low: <=0.549 [l Medium: 0.55 - 0.699 [l High: 0.7 - 0.799 |l Very High: >=0.8




Attribute (Ordinal) and Metric

Time-Series Analysis — Few Elements
Column Chart

Vertical Bar - Clustered

X axis are quarters, y axis sales




Metrics
W Amount Funded
W 7-Day Avg

00:0 ZT/LT/T

00:0 ZT/2T/1
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0 11/5z/01
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Vertical Line - Standard
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00:0 TT/p/0T
00:0 TT/0€/6
00:0 T1/82/6
00:0 TT/9Z/6
00:0 TT/22/6
00:0 TT/02/6
00:0 TT/91/6
00:0 TT/¥1/6
00:0 T1/21/6
00:0 TT/8/6
00:0 TT/9/6
00:0 TT/1/6
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Time-Series Analysis — Many Elements
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Metric and

Metric

Correlation Analysis
Scatter Plot

a ©

Scatter (Metrics on X-Y axis,

eeeeeee




Attribute (Nominal) and Attribute (Nominal)

The variables in a graph, or network, are circles (x) and edges (y). Here, values of circles are
either persons or companies, and edges are types of relations




e Colors

e Saturations
How to ¢ Size

improve 3 * |nterpretability

visualization * Performance
° Layout

* Interactivity




Enhancing

Visualizations
for Additional

Insights

Appropriate Visual Enhancements

Attribute Attribute Metric
(Nominal) (Ordinal)

Color Hue X

Color

Saturation

Size X X

what colours, what intensity, what size?




Scatter (Metrics on X-Y axis) -] ]
24.00%
20.00% - .
16.00% -
@ —
£ >
: Categr
= 12.00% W Books
E B Electronics
. W Movies
B Music
8.00% - .
4.00% -
0.00%
T T T
0 400K 1.2M
Revenue

At first glance, we can tell the difference between groups identified by

a hominal variable




Color (Saturation)
to Highlight
Metric Patterns

* Here, the metricis
"temperature"

e At first glance, we can tell
where the hottest regions
are located




Adding Size to
Emphasize

Scatter (Metrics on X-Y axis) [ ~]~]
24.00% —

Metric Trends

16.00%

Category
M Books
M Electronics

12.00%

Profit Margin

20.00% .

8.00% - .

T T T T T
400K 800K 1.2M 1.6M 2M

Size of balls indicates the number of customers. At first glance, we understand what are
the biggest groups. Later, we might look for precise numbers



More hints on

colors

Colors Should Enhance Data Comprehension, Not Distract

Use Fewer Than 6 Colors

Otherwise the difference is difficult to perceive

weg® °



Use Colors to Emphasize Comparisons

Use Opposing Colors for
Comparisons

More hints on

colors

2010 2011 2012

I Company A | Company B




More hints on colors

Avoid color confusion!

Why should we both change from our home kits?

Home Jerseys

Wales Portugal




Use Color Saturation Correctly

Less Saturation: Smaller Values
More Saturation: Greater Values

More hints

on colors

Merizantal Sar - Standard




Color Constancy Can Confound Data Comprehension

Avoid Color Gradients for Backgrounds

More hints on

colors




Business questions

o Which months were o

below ta rget? Monthly Sales vs. Target

Interpretability:
avoid users do

¢ Which months were e - Sales - Target
above target?

$500

° And by how much?

$250

Sales ($000's)

the math

$0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

The graph answers these questions, but requires

humans to "visually compute" the difference between
the two curves




Interpretability:
avoid users do

the math

Shows Actuals

Shows Good and
Bad months

Quantifies good and
bad

Uses and Overlay
and dual Y Axis.

This graph instead shows the
same informtion in a much

more intuitive way

Monthly Sales vs. Target

Sales ($000's)

$750

$500

$250 I l

50

M % Above Target [l % Below Target

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

-»- Sales
40%

20%

0%

yabie) jo 9

-20%

-40%



Interpretability: sloppy labelling

Make it idiot proof, | mean “self explanatory”!

*  What is the unit of measure on the Y axis? _
* Are you using a log scale? (If so, mention it) 0 Real Time Revenue

* Are the numbers shown in K’s, M’s or B’s?

*  If Currency, which currency? b Real Time Gross Revenue ($) last 1 hour in 4 minute buckets
* Net Revenue or Gross Revenue?

* Howlong is the rolling window being shown?

. ?
How long does each bar represent: Real-time Revenue

1,500

1,000 ezt lTTTSToos e caaaaiilne

Apr 14, 2016 12:04 AM
345.21

12:00 AM 12:16 AM 12:32 AM
Thu Apr 14
2016



Performance: reduce load times

- Wait

Limit the number of objects on a
single screen

Limit real-time searches

Specify filters to reduce the data

Use summary indexes to reduce the
search load of the dashboard

Arrange in a single screen related
data (e.g. all plots that are meant to
identify gender differences, or
differences among point of sales)



Layout: size to the right width

Orie ntation 4 Back to Mail 12:37 7 54% M
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see content R ,
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Layout:
People Have a Bias in How They Read and Scan Content (this depends on

cultures, of course)

Reading Gravity

Primar)l Strong
Optical Fallow
Area Area
Weak )
Terminal
Fallow Area
Area




Layout: place most relevant content in primary optical area

Reading Gravity

Primaryao---o-lﬁna&:u.a“.,lm_-l@ox Strong
D @|E .| & = | show Teok

Optical e —— = 2 Fallow
Area | Area

Weak o _
Terminal

S 8388588888883 88g888&8¢& &8 & & chENENEhE
———————————————————

SREIREREIS88588 SS88§555585E98 S 8RS 85888)
Area Area




Layout: present content hierarchically

—

Master » Detail




Layout: present content hierarchically

resent Data Hierarchically

(@eFl o EE kb ddunB-]e 0x
@ @ |8 i, | ® 9| ) Show Tooks

Navinnatns =
Iugrw B Fico Range ™ 660-678 [ 679-713 1 — 71a-749 |
Total Amount Loaned

20.0%
Debt C; ".I“HI

Heuse

o0 ‘® ®o®

-
EEEESNEEE
- EeEeE
y
ENEENEEEE

750-779 | 780+

Avg Loan Size and Interest Rate by Loan Purpose |
Loan Pul

Credit

nsolidaticn

E

a

1] u A=
‘ | |

sble Energy
- small Business
Vacation
} 1 : wiedding

0 B N
8004

200+

€2 €3 |C4 C DI D2 DI D4 DS EL E5

Gl G5



* |nteractivity and animation are the latest
and coolest features for presenting
information

* User can adapt a visualization to his/her
own needs and curiosity, interacting with

Interactivity the map |
: . * Interactive maps —when well designed —
& animation greatly improve the efficacy of an
Interaction

 Some very cool visualizations: (see more '
onhttp://blog.visme.co/best-
information-graphics-2016/ /

o



http://blog.visme.co/best-information-graphics-2016/

The New York Times' project on where people bornin a
state move to

* |t visualizes a large amount of data
accumulated during more than

* 100 years. Yet, it is easy to Where peopie bor in Wastingion, D.C. have moved 80 o
: ’

understand, and it clearly highlights
* interesting trends. |

Stayed in \Washington, D.L.

lan®
c\\o‘\'\a“/ =
Moqe Moved to ViIre
Mweamnewhm
pENNTYIYANIA — \-s-‘.\-"l‘ Moved 1o other states In 1€ South
1900 1910 1920 1930 1940 1950 1960 1970 Zt‘.gcé“h{"f:;j .


http://www.nytimes.com/interactive/2014/08/13/upshot/where-people-in-each-state-were-born.html?_r=0&abt=0002&abg=0

Politicians & Political campaigns

Clinton loyalists Obama operatives Other key strategists Pro-Clinton super PAC
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Circles are sized by the number of
people associated with each group.
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Immigration

Two Centuries of U.S. Immigration (1 dot = 10,000 people)

1880 to 1889

5,248 568

1. Germany
2. United Kingdom
3. Ireland




International Trades

Click on a country to see its share of trade alone, or spin/navigate the globe by using your mouse.

Global Goods
Trade

Food / Vegetable / Animal
[ Mineral / Chemical
Plastics
Clothing / Accessories
Wood / Paper Products
Stone / Glass / Metal
Machinery / Electrical
Transportation

Miscellaneous
Blueshift Map Maker

Interactive: Mapping the Flow of >FOTORE> INFOGRAPHIES

International Trade



https://www.highcharts.com/demo

Demos and

examples

https://www.datapine.com/blog/best-
data-visualizations/



https://www.highcharts.com/demo
https://www.datapine.com/blog/best-data-visualizations/

The homework is
based on Watson
Studio (sent by the
IBM tutor)

Homework

To be completed
during Lab 4

To be uploaded on

the shared folder
(name is Visualization
Homework)
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