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Keim’s Visual Analytics Model

Visual Data-Exploration
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Image source: Keim, Daniel, et al. Visual analytics: Definition, process, and challenges.Springer Berlin Heidelberg, 2008.



Visualization: whatis?

Visual
representations of
data that reinforce

human cognition




Perhaps a more helpful question:

What are some ways
a “visualization” can be useful?



But first off: Value of Visualization

Provably much better than written reports, since:

Reduce Memory Load
— Working memory is limited
— Offload storage/organization to the diagram

Reduce Search Time
— Pre-attentive (constant-time) search
— Spatially-indexed patterns store the “facts”

Enable Perceptual Inference
— Map inference to pattern finding



Some very “old” examples: cholera
outbreack in 1854
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More info here: http://en.wikipedia.org/wiki/1854 Broad_ Street cholera_outbreak



Another old example: 1869
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Paris, 20 November 18689.



Minard’s multi-dimensional map

Minard was a pioneer of the use of graphics in engineering and statistics.

He is most well known for his cartographic depiction of numerical data on
a map of Napoleon's disastrous losses suffered during the Russian
campaign of 1812

The illustration depicts Napoleon's army departing the Polish-Russian
border. A thick band illustrates the size of his army at specific geographic
points during their advance and retreat.

It displays six types of data in two dimensions:
— the number of Napoleon's troops;
— the distance traveled,
— temperature;
— latitude and longitude;
— direction of travel;
— and location relative to specific dates without making mention of Napoleon;



So when vizualizations are useful?

Example: Traditional excel table vrs “fancy” visualization
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Useful=help us understanding the data

 What types of data?

* What kind of “understanding” we want to
convey?

* How to connect data with (good)
visualizations?



Types of data

* Data can be classified in three groups

e Qualitative (Attributes)
1. Nominal
2. Ordinal

 Quantitative (Metrics)
3. Numeric



Qualitative:Nominal data

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

* Examples:
— Products — Books, Movies, Music

— Gender— Male, Female
— State — Virginia, Nevada, California



Qualitative: Ordinal data

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

 Examples:
— 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



Ordinal Attributes and Metrics

e Some data can be used as either ordinal or

metrics. Their classification is 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)
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Line charts

Title of the chart
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Scatterplots

Shows the relationship between two continuous variables
Each point in the plot represents an observation

You can change color or symbol to highlight groups
Sometimes it is nice to show a trend line (regression)
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Maps

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.




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 between 2-3 things

They add up to 100%

Title of the pie chart
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For explanatory text that’s not very long.
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Networks (graphs)

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.
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Connecting Data To Visualization

Data have types
Visualizations have types
Reports have communication objectives

How do we map one onto the other?

1. Depending on the information we want to
convey

2. Depending on the type of data we want to
visualize



SELECTING VISUALIZATIONS

Depending on the 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 createa comparison chart, use these types of
graphs:
— Column
— Bar
— Circular Area
— Line
— Scatter Plot
— Bullet



A column chart is used to show a comparison among different
items, or it can show a comparison of items over time.

Design Best Practices for Column Charts:

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

i _ . 12.0%
* Use horizontal labels to improve readability.
, : 10.0%
e Start the y-axis at O to appropriately reflect the :
values in your graph. e |
T 80% 6.0%
6.0% 4.0%
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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

| had no clean pants to wear [
| thoughtit was Saturday [
forgot toset myaorm -

It was still too dark, | thought it was still -
nighttime

gotstuckintrafric

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 data set.

Stock Monitoring, 2010
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A bullet graph reveals progress toward a goal, compares this to
another measure, and provides context in the form of a rating or
performance.

Sunkost: Sales Target of 2010

—

1000K  2000K  3000K  4000K 5000K ©000K  7000K

YTD Revenue

8000K 9000K 10000K

profit [
0K 1000K  2000K 3000K  4000K 5000K 6000K  7000K 8000K  9000K 10000K
Avg Order

350K 400K 450K 500K

0% 10% 20% 30% 40% 50% 60%

oK 50K 100K 150K 200K 250K 300K

New Customers

70% 80% 90% 100%

The sales totals to date for 2013 (white horizontal line), clearly exceed the total sales for all of 2012 (the begginning of the
middle range). The 2013 sales numbers suggest that our new marketing campaign is successful, resulting in increased

product penetration and a significant sales boost, working our way up to the targeted goals for the whole year (vertical
white lines).

In this example, vertical with bar is the target, horizontal white line is what
has been achieved



Do you want to show the composition
of something?

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 total sales broken down by sales
rep. Better suited to compare categories.

 To show composition, use these charts:
— Pie
— 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.
160 — [ |Ferrari East
[ Ferrari Central
] [ | Ferrari West
140 [ |BMWEast
- I BMW Central
120 - I BM W West

Feb Mar Apr May Jun Jul Aug
Month



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
525,000
$20,000
$15,000
$10,000

55,000

Jaruary February March Aprdl May June

mitorel mStore2 mStre3 mSwores



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

Sun Dial Blur

Nirvana

Green Day

Bert Kaempfert

January 2012 February



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%.

Customers by Role in Company

Other (0.44 %) —————
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VP/Director (15.86 %) ~———__

Number of Records: 36

Individual Contributor (S0.66 %)
1%

NuvDer of Recoras

Manager (25.55 %)
Number of Recorgs. 58

DataHero



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. An example of this would be to showcase how
subsequent movements affected the total balance (increases in value are
coloured green and decreases are coloured red).

Waterfall Chart Example - Walkthrough

$1,400

$1,200
1
$1.|:||:||:| N | —
$200 -
$600 -

$400 -

$200 -

($200)

($400) -

($600) -
Opening  Mymt1  Mymt2  Memt3  Memtd Memt5 Memte Memt? Memtg8 Mymt3 Memt10 Closing
Balance Balance

w




Do you want to understand the
distribution of your data?

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

of information in your values.
* Use these charts to show distribution:
— Scatter Plot
— Line
— Column
— Bar



A scatter chart 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.

Customer Happines by Response Time

Customer Happiness

2.25

0

~
e

15 225 30

Time to Respond



Are you interested in analyzing trends
in your data set?

* |f 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.

Revenues and Profit by Month for 2014
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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).

60% 40% 67

CONTACIED 150 DISCUSSION 100 WON

LOST 15 LOST 35




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 is a third dimension, which is
indicated by the size of the bubble or circle.

Hours Spent Online by Age and Gender
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A heat map shows the relationship between two items and provides
rating information, such as high to low or poor to excellent. The rating
information is displayed using varying colors or saturation.

552 337

DataHero



Heat maps can also be geographical
maps

Color 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

THECOMMERCIAL GRAPH
An example of visualizing complex business ecosystems
through data.

SOURCE PLATFORM THINKING LABS HBR.ORG



Although they quickly become unreadable




Spirals

Time Axis & scale

Spiral Plots are ideal for showing
large data sets, usually to show
trends over a large time period.
This makes Spiral Plots great for

Start ‘here
displaying periodic patterns.
Colour can be assigned to each
period to break them up and to
allow some comparison between
each period. T

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




Spirals uses

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

11 PM 1 AM
10 PM 2 AM
S PM 3 AM

AM

7PN 5 AM
o \\G‘M

SPM 7 AM

|

.
From: Jul 18, 2012 12:03 PM
Yor Jul 18, 2012 7126 PM
Curation: 7 h 22 m

Max queue length: 14.51 miles

3PM

1PM

12 PV

' Maximum queve length <1 Il T D EHEEEN > 10 miles




Spiral uses

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

Drivers O, Strength
® Employment Status 67%
@® Weekly Earnings 56%
: ' @® AgeRange 24%
Weekly Hours
Worked @ Age 19%
@® Weekly Earnings Bucket 18%




SELECTING VISUALIZATIONS

Depending on the type of data
we want to visualize



Certain visualizations are better for
specific types of data

Metric Attribute Attribute
(Nominal) (Ordinal)
Attribute Bar Network Line w/ Break-By
(Nominal) Heatmap Bar w/ Break-By
Attribute Column Scatter Grid
(Ordinal) Line
Metric Scatter/Bubble




Attribute (Nominal) and Metric

Comparative Analysis
Bar Chart - Unsorted
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Attributes (nominal) and metrics

Comparative Analysis
Bar Chart - Sorted

in Airport Name
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Comparative Analysis
Avoid: Line Chart — Implies continuity between points

Horizontal Line - Absolut  ~ |

Origin Airport Name

Honolulu Trternational

Kahului Airport

Lihue Airport

Keahole

General Lyman

Seattle/Taccma International

Mccarran International

Los Angeles Irternational

Portland Trternational

Metropolitan Oakland Interrational

Sacramento International

San Diego International

San Francisco International

Sky Harbor Irternational

San Jose International

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




Attribute (Nominal) and Metric

Contribution Analysis — Few Elements
Pie Chart

- 1>]




Attribute (nominal) and Metric

Many elements: heat map
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Attribute (Ordinal) and Metric

Time-Series Analysis — Few Elements
Column Chart

Vertical Bar - Clustered u
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Attribute (Ordinal) and Metric

Time-Series Analysis — Many Elements
Line Chart

Vertical Line - Standard

2.5M~
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Time-Series Analysis
Avoid: Pie Chart — Removes ordinality
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Metric and Metric

Correlation Analysis
Scatter Plot

a ©



Attribute (Nominal) and Attribute (Nominal)

Market Basket or Network Analysis
Network Visualization
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Market Basket or Network Analysis

— Implies ordinality

Scatter Gri
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Attribute (Nominal) and Attribute (Ordinal)

Time-Series Comparative Analysis
Line Chart with Break-By
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Attribute (Ordinal) and Attribute (Ordinal)

Cluster or Heatmap Analysis

Scatter Gri

Scatter Grid (Attributes on X-Y axis)
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How to improve a visualization

Colors
Saturations
Size
nterpretability
Performance
_Layout

nteractivity



Enhancing Visualizations for Additional
Insights

Appropriate Visual Enhancements

Attribute Attribute Metric
(Nominal) (Ordinal)

Color Hue X

Color
Saturation

Size X X




Color (Hue) to Identify Groups of Attributes

EEER
z=zmo @



Color (Saturation) to Highlight Metric

Loan Purpose

Small Business

Debt Consolidation
Credit Card

Home Improvement
Weddin
Renewable Energy
Major Purchase

Other

Education

Vacation

Horizontal Bar - Standard

oK

verage

Patterns

BK

(Amount Funded)

10K



Adding Size to Emphasize Metric Trends

Profit Margin

24.00% 1

20.00% =

16.00% -

12.00%

8.00% -

4.00% —

400K

BOOK

Scatter (Metrics on X-Y axis)

1.2M

Revenue

1.6M

Category
B Books
B Electronics
B Movies
B Music

# of Customers

i

A

A

17,724
16,000
12,000
8,000
4,519




More hints on colors

Colors Should Enhance Data Comprehension, Not Distract

Use Fewer Than 6 Colors

o
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More hints on colors

Use Colors to Emphasize Comparisons

Use Opposing Colors for
Comparisons

$12,000,000

$8,000,000

$4,000,000

[ CompanyA [ CompanyB




More hints on colors

Avoid color confusion!
Why should we both change from our home kits?

Home Jerseys

Wales Portugal




More hints on colors

Use Color Saturation Correctly

Less Saturation: Smaller Values
More Saturation: Greater Values

------------------




More hints on colors

Color Constancy Can Confound Data Comprehension

Avoid Color Gradients for Backgrounds




Interpretability: avoid users do the

math
Looks typical right? 0
Which months were
below 3 rget? Monthly Sales vs. Target
Which months were ~- Sales Target

above target?

And by how much?

Sales ($000's)

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



Interpretability: avoid users do the
math

Go the extra mile to make it great Q

Shows Actuals
Monthly Sales vs. Target

Shows Good and

I % Above Target [ % Below Target - Sales
Bad months : . : c

$750 40%

 Quantifies good and

N
o
=
S

bad § $500 ;
& 0% ;t

~ Uses and Overlay £ on | E
A& 20% =

and dual Y Axis.

50 -40%
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec



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) o heal lime Revenue
Are the numbers shown in K’s, M’s or B’s?

If Currency, which currency?

Net Revenue or Gross Revenue?

How long is the rolling window being shown?
How long does each bar represent?

0 Real Time Gross Revenue ($) last 1 hour in 4 minute buckets

Real-time Revenue

1,500

R . i e
4 . o p— -
1,000 2 . B

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

Limit the number of objects on a single
screen

Limit real-time searches , Wait
Specify filtersto reduce the data ‘

Look for long-running searches and
schedule them in advance (e.g. do notf
load twitter data at at query time

Use summary indexesto reduce the
search load of the dashboard

Look for commonality between
searches. When found, combine several
searches into one




Layout: size to the right width

Orie ntation 4 Back to Mail 12:37 7 54% M

& demo-es.splunkoxygen.com (]

Landscape mode on a mobile will require scrolling to
see content

Are your key metrics at the top? p R —
Sizes to the width of the app l:l 443(_” k3 (k2 Tz
-
< M & demo-es.splunkoxygen.com ¢ M +

Fri
[ LT

My Investigations Advanced Threat Security Domains udi Enterprise Security

— me\

Security Posture Bty ||+ @
Overall Security Posture : Key Security Indicators

v Edit
ACCESS NOTABLES ENDPOINT NOTABLES NETWORK NOTABLES THREAT NOTABLES
otal Count

446 ¥ 2k 2 2k¥ 747

UBA ANOMALIES
Total Count

0,

= 4 Noinvestigation is currently loaded. Please create (+) or load an existing one (). Q@A o < I T ] [I‘ ’j
| | |



Layout:
People Have a Bias in How They Read and Scan
Content

Reading Gravity

Primary Strong

Optical Fallow

Area Area
Weak :
Fallow jorminal
Area




Layout: place most relevant content in
primary optical area

Reading Gravity

Primary.. B E S ¢ 5[50 o x - Strong
Optical - e —=== Fallow
Area Area

) , ' e e &S5 885385888 b85085385588b888088388B8B8 82885845 35E¢E ) SEDERUBTO Term inal
Fallow Giiiifiiifaiiiififasaiaiifiiifafaiiiifatiiifatas
o Area



Layout: present content hierarchically

Detail

Master mul)




Layout: present content hierarchically

Present Data Hierarchically

Ge[BloABKkaléd AR 0%

&y & 1, i, | B B3] L) Show Tools Layout 1
[Pageby m Fico Range [ 660-678 [ 675713 1 — 71a-7a8 1 750-779 | 78O+
[ Total Amount Loaned Avsi Loan Size and Interest Rate by Loan Purpose

Loan Purpcse

16.0 mC:
= @ W Credit Card
) W ODcht Censolidation
00 ® ®

Debt Consolid atio

Home tmareuement

ey Bt W Home tmprovement
? W House
s v
[ B Majur Purdiase
£
= R B Medics
Renewabl B Moving
ma D
. Ranexable Energy

V i
aK Kk K 18K 0K

Loan Valume by Credit Grade




Interactivity & animation

Interactivity 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 the map

Interactive maps —when well desighed —
greatly improve the efficacy of an interaction

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

graphics-2016/




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

Where peopie born in Washington, D.C. have moved to New! €0 Switch to Migration into Washington, D.C

6%

It visualizes a large amount of data accumulated during more than
. 100 years. Yet, it is easy to understand, and it clearly highlights
interesting trends.

‘ noqe Moved to V™ e
oA
CLﬁ QN
FLOSIDA
e YOrK
Movea 10
ﬁ”omiw "
T Moved 1o other states In 1€ South

OTHER STATES 2 THE NOTTHEAST
OTMEN STATLS IN THE MDWEST
OTHER STATES I THE WEST

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2012



Politicians & Political campaigns

Clinton loyalists Obama operatives Other key strategists Pro-Clinton super PAC

CE200000€0030 6OOLO

Podesta Dowd Abedin Wicks
21 900022000 20€ 1! €208
Obama Obama e
12 admin. USA
Center s Clinton
for Amer. Corten gt:}e
[N

Clinton

Clinton
admin.

Circles are sized by the number of u!ggon
people associated with each group.

Campaigns are shown in dark
shade; administrations and other
organizations are in light shade.



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




Lissen to Wikipedia

Li Sten tO Wiki pedia about & blog & twitier & app

Welcoms to Jennyyipingll, Wikipedia's newast user!




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
[ Wineral / Chemical
Plastics
Clothing / Accessories
Wood / Paper Products
Stone / Glass / Metal
Machinery / Electrical
Transportation
Miscellaneous
Blueshift Map Maker

SPONSORED INFOGRAPHICS

Interactive: Mapping the Flow of
International Trade



Homework

* Search on the web for fancy and new
visualizations

* Can you imagine how a given visualization
that you found can be useful for some
business application?

* |nyour final project, when designing your
report with Watson, pay attention to
indications provided in this presentation when
designing the report layout and visualizations.



