Data Visualization

or Graphical Data Presentation
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Ack.

Inspirations are coming from:
*G.Piatetsky Schapiro lectures on KDD
«J.Han on Data Mining

*Ken Brodlie “Envisioning Information”
*Chris North “Information Visualisation”
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What is visualization and data mining?

« Visualize: “To form a mental vision, image, or picture of
(something not visible or present to the sight, or of an
abstraction); to make visible to the mind or imagination.”

* Visualization is the use of computer graphics to create
visual images which aid in the understanding of complex,
often massive representations of data.

* Visual Data Mining is the process of discovering implicit
but useful knowledge from large data sets using
visualization techniques.



Tables vs graphs

A table is best when: A graph is best when:
* You need to look up  The message is
specific values contained in the shape of
« Users need precise the values
values * You want to reveal
* You need to precisely relationships among
compare related values multiple values

You have multiple data (similarities and

sets with different units of differences)
measure « Show general trends

* You have large data sets

Graphs and tables serve different purposes. Choose the
appropriate data display to fit your purpose.



Exploratory Data Analysis

Pioneer -> John Tukey  Two stage process:

New approach to data — Exploratory: Search for
analysis, heavily based on evidence using all tools
visualization, as an available

alternative to classical data — Confirmatory: evaluate
analysis strength of evidence using

See its bio classical data analysis




Box Plots

 |In some situations we have, not
a single data value at a point,
but a number of data values, or
even a probability distribution

« When might this occur?

» Tukey proposed the idea of a
boxplot to visualize the
distribution of values

« For explanation and some
history, see:

http://mathworld.wolfram.com/Box-and-
WhiskerPlot.html

http://en.wikipedia.org/wiki/Box plot
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M — median

Q1, Q3 — quartrtiles
Whiskers —

1.5 * interquartile range
Dots - outliers

Darwin’s plant study

S=l1f Park S=1f
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http://www.upscale.utoronto.ca/Generallnterest/Harrison/Visualisation/Visualisation.html



Distribution visualisation — US Crime Story
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Data Visualization — Common Display Types

Common Display Types
— Bar Charts
— Line Charts
— Pie Charts
— Bubble Charts
- Stacked Charts
— Scatterplots

=

[ B @ &

Doughnut ($)
W coffee ($)

8 % & & § § 3%
@




When to use which type?
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Line Graph
— X-axis requires quantitative variable
— Variables have contiguous values

— Familiar/conventional ordering among
ordinals

Bar Graph
— Comparison of relative point values

Scatter Plot

— Convey overall impression of relationship
between two variables

Pie Chart

— Emphasizing differences in proportion
among a few numbers



Line Graph — Trend visualization

Fundamental technique of
data presentation

Used to compare two
variables

— X-axis is often the control
variable

— Y-axis is the response
variable

Good at:
— Showing specific values
— Trends
— Trends in groups (using
multiple line graphs)
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Time line graph — show dynamics of measurements
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Stratified graphs

Trends of values with respect to time and different qualitative
categories
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Demo - Baby Names Voyager

NameVoyager: Explore nomae trends letter by letior Irstructions | FAQ/Help [ More on Vis
A Otes  Cae Moo 2007 rarsk, by [T Hames starting with
g 7T W, g

oilkon b bes

James

1800 1800s 000 1910 $O20x 18305 10d0s 1950z 19e0s.  1970s  1980s 4090 2007

http://www.babynamewizard.com/voyager



Scatter Plot — Wykresy rozrzutu XY

Used to present
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Elements of a Good Graph

/"

Axis Label

Adding a date is a good
idea. It can be removed

for publication. \

Current vs Unltage

¢— Title on the Graph

Error Bars

10

Axis Label



Simple Representations — Bar Graph

« Bar graph
— Presents categorical variables
— Height of bar indicates value

— Double bar graph allows
comparison

— Note spacing between bars

— Can be horizontal (when would
you use this?)
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Dot Graph

Very simple but effective...

Horizontal to give more space

for labelling
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Bad Visualization: Spreadsheet

1999 12,110
2130
2000 | 2,105 2125

2001 |2,120 2120 1

2115
2002 (2,121 2110 M Sales
2003 [ 2,124 2105 ] I

2100 -

2095 ‘ ‘ ‘ ‘

1999 2000 2001 2002 2003

What is wrong with this graph?



pdd VvisuallZalion.
Spreadsheet with misleading Y —axis

1999 12,110
2130
2000 | 2,105 2125

2001 |2,120 2120 1

2115
2002 (2,121 2110 M Sales
2003 [ 2,124 2105 ] I

2100 -

2095 ‘ ‘ ‘ ‘

1999 2000 2001 2002 2003

Y-Axis scale gives WRONG
impression of big change

PaYal



Better Visualization

1999
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2000
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Axis from 0 to 2000 scale gives
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correct impression of small change + small formatting tricks
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Pie Chart

10%

* Pie chart summarises a set of
categorical/nominal data

 But use with care...

OYes

B o
« ... too many segments are 0%

harder to compare than in a bar Should we have a long lecture?
chart

B Comedy

O Action

H Romance

E Drama

E Horror

O Foreign

B Science

fiction

14%

Favourite movie genres



Visualizing in 4+ Dimensions

Extensions of Scatterplots
Parallel Coordinates
Radar Figures

Other tools



Multiple Views

Give each variable its own display

1
ABCDE
1 BT 835 2
26 3 421 [ |
3 72 43
4P 6315 3
4

. ABCDE
Problem: does not show correlations



Tableau bar comparisons
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Figure 1: Atypical Tableau display of product sale values by region, arranged alphabetically.



Buisness Analytics Tools — Manager Dashboards

Revenue Profit
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Scatterplot Matrix
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Parallel Coordinates

e Encode variables along a horizontal row
e Vertical line specifies values

15

10

-5

I1 iz
1o ' Same dataset in parallel coordinates
Dataset in a Cartesian coordinates
Invented by
Alfred Inselberg
while at IBM,

A N0



Parallel Coordinates: 4 D

Sepal Sepal Petal Petal
Length Width length Width
3.5
5.1 1 4 0.2
sepal sepal petal petal
length width length width
5.1 3.5 1.4 0.2




Parallel Coordinates Plots for Iris Data

——Versicolor
~Virginica

——Setosa

1 ! ! ! RN

petal length petal width

sepal length

0 M~ (o] Lo A ™ N

(s19)12Wnuad) anjep

0
sepal width



Radar Figures

Agregate multidimensional
observations

Each observation gets a
separate colour or graph
symbols

Variables corresponds to
angles

Witamina &
oh . - -
1 'm”; L Analiza wartosci
ol M T . _ . odzZ 2zych
itamina E 7 x‘*-»_x .. Witamina B1 odzywezyc
5!]“-':/‘” 5 ; B Galunek &
'\ Y

B Galunek B

B Gatunek C

Mitamina E'__"’--—-____"*\ - et Witamina B2

Witamina C



IWIOWAZOLY I'0ZWO ] Lesna

o1 zobrazowanfy: Alztywmosc na rynlou pracy

Wybrana dziedzina

 zobrazowania: 2007;
va wartescl wekaznikiw w prredziale =0:5=

Wykres radarowy —
oceny wskaznikéw

w ramach dziedziny
| poziom oceny

Wikt WiiskeS

laznik ® Wartosé Srednia dla grupy pordwnawczej

orzec - wartosE najkorzystniejsza

EMNDA:

- 1.1.91 Wskagrik zatrudnienia kobiet (udziat pracajgeych kobiet w liczhie kobiet ogddern)

2- 1.1 2.2 Udziat pracugeych w liczhies misszkaticdwr wowielkn produkesngn ()

3- 1.1 2.3 Liczha podrmotdw sospodarczsich na 1000 roeszkahcdw

1 1.1.2.4 Ogalny wskaznik altywnodel zawodoae] kobiet - ndziat czymngeh zawodowo w lezhie kobiet wowiekn 15 lat 1wiecej (3]
5- 1.1.2.5 Udziat zakdaddwr ozob fizyezrsch w liczhie jednostek ogdlern sektora pryaratnego (3]

5- 1.1 2.6 Udziat zakiaddnr ozdb fizveznsch w liczhie jednostek ogdler [¥4]

I- 1.1 2.7 Ogidlny wskatnik aktvwnodel zawodore] kobiet - ndziab czymngeh zawodowo w lHozhie kobaet wowiekn 15 lat 1wigce) [¥]
2- 1.1.2 2 Stopa zatrudrierda - lezha pracjgeych na 1000 mieszkatindr

J-1.1.2.9 Bezrobotnd na 100 ozdb w wieln produkesinyo




F. Nightingale (1856) — abstract representation

Causes of Mortality in the Army in the East
April, 1854 to March 1855

- NMon-Battlc

- Battic
dune oy August
May
Apr 1854 Sept
Oct

March

M ow

February

Jan 1BEE

Frem: F. MNightingale, "Motes ocn M atters Attecting the Health,
Etticiency and Heospital Administration ot the Britiseh Army", 1B5EB



Buisness Analytics Tools — Typical Reports

Raport more traditional

Performance for the Month
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Buisness Analytics Tools — Manager Dashboards

Revenue Profit
300k ] = Sales Dashboard
—
E —a Ak g - Target {All currency in US §)
F30k [ ood
oy 19dec2004
100k [ satisfactory
By . Poor
Fk: 0k
ol G2 63 Q4 ol G2 a3 04
Market Share Order Size New Customers On Time Delivery Satisfaction
- _q_q_q—q S0 S0 L D ———— 2
400 400 +
20% 755
—= — —]
_ 300 300 =
15 % 50%
10%A 200+ 200 2
5% 100 100-| 251 ]
0% [, o o o
Q1 0z 03 24 Q1 0z Q3 04 Q1 0z 03 24 o1 0z Q3 04 Q1 oz 03 24
Chardonnay Cabernet Merlot Sauvignan Blanc Zinfandel
$128k F126k F125k F128k F125k
$100k] F100k F100k F100k] F100k]
F7 5k —= H75H F75k0 F7 5k F75I
F50k F50k F50k H60k F50k
— —
F25k 25k |—|<l |_|“ rr 25k |—|<1 ’j" ﬂ F25h] H‘l g 25k
—
$ile ke $ke |_| $ike " o | soe [T 0 T
Q1 0z 03 24 o1 o0z oz o4 Q1 0z o0z 4 o1 0z Q3 04 Q1 0z Q3 04
North America Asia Europe Middle East South America
$128k F126k F125k F128k F125k
—]
$100k _4_4 F100k F100k F100k] F100k
F7 5l F7 5k F7 5k F7 5k F78k
F50k F50k F50k H60k F50k
F25h] F25h] |=]=:1 H“ Hﬂ F25h] |_|<‘ ’_r ’:r ﬂq F25k] —_ F25k]
Hko H0k Hko Fk: ]_F‘ |—|<1 |—|4 |—| bl
Q1 0z 03 24 o1 o0z oz o4 Q1 0z o0z 4 o1 0z Q3 04 Q1 0z Q3 04
Sales Pipeline Top 10 Customers
Probakility . Bar
MNorth America of Sale The Blg\.lul.:'?r?ees'séo[les M Segments
i Spirits of the Age I i
Asia % ican intners Best O ;'?;
E Fruit of the Wine I
urepe 0% The Beverage Company |IE— i
Middle East % B
South America oo Ba'ﬁ;:;fﬂeﬁ-_

F0k 5k F0k  F15k ik F23k 6k F100k



Bars in business dashboards — Tableau Software
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Data analytics — kokpity menadzerskie
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Multidimensional Stacking

attribute 4

attribute 2

attribute 3

attribute 1



Multidimensional presentation of nominal attributes

« VL1 diagrams (Michalski 70) for machine learning

Visualization of Training Examples:
Discrete Version of the Iris Data Set
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Hierarchiczne wizualizacje - Treemaps
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ﬁgure 4: Treemap used for displaying news http://newsmap.jp/

Treemaps display hierarchical data using rectangles. Each branch of the tree
is assigned a rectangle. Then each sub-branch gets assigned to a rectangle
and this continues recursively until a leaf node is found.

Depending on choice the rectangle representing the leaf node is colored,
sized or both according to chosen attributes.



Ehe New llork Eimes  Business

The Top 1 Percent: What Jobs Do They Have?

Explore the occupations and industries of the nation’s wealthiest households.

Rectangles are sized according to the
number of people in the top 1 percent. Color
shows the percentage of people within that
occupation and industry in the top 1 percent.

T I — —
1% 10%  20%

With 376,076 members, the largest single
group in the 1 percent are those wha listed
their occupation as a manager.

@, ZOOM TO

Lawyers who work on Wall Street are twice as
likely as those in general practice to make the
top 1 percent. &, zZoowm TO

Physicians who work primarily in doctor's
offices are somewhat more likely to make the
cutoff, though all doctors are well-represented
inthe group. & zoowm TO

School teachers don't earn enough to make
the top 1 percent on their own, but many live in
1-percent households, primarily through
marriage. % zoom TO

Note: The chart counts the number of
individual workers living in households with an
overall income in the top 1 percent nationwide.
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Gapminder - Motion Charts
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Using Bubble presentations



Spotfire
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Chernoff Faces

Encode different variables’ values in characteristics
of human face

Eye spacing

/H:ead eccentricity

Eyebrow slope

Eye eccentrioity

Eye zize
Fupil zize

Mose width Moze length

Hauth openness Fouth curyature

FMouth widih

Cute app|ets: http://www.cs.uchicago.edu/~wiseman/chernoff/
http://hesketh.com/schampeo/projects/Faces/chernoff.htm:
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Hierarchical Techniques

Cone Trees [RMC91]

« animated 3D
visualizations of
hierarchical data

* file system structure
visualized as a cone
tree




Abstract = Hierarchical Information - Preview
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Visualization of Search Results & Inter-Document Similarities
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Abstract = Text - MetaSearch Previews
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Other buisness tools

Analysis of CRM data

Opportunity Map

Estimated

Close

Probability Territary

0% Central
Eastern
Western
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50% Central
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T5% Central
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100% Central
Eastern
Western

Actual vs. Forecast Distribution of Deal Size

Opportunity Map
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Visualization shows a mark for each deal in the pipeline; mark is placed based on deal size, region and probability stage (estimated percent chance a
deal will closed this quarter). Coloris by Industry. Clickthe "+ above territory to drill down to individual salespeople.



Visualization of different conditions

Severity of Flight Delays

Flight Delays from Seattle
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Overview and Detalil
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Brushing and Linking

O Spotfire Pro - census example.sfs M= EE
File Edit Wew ©Options Tools Window Help
(@] Fal@l B[7]1] | oo m|e(s] 2|
| Scatter Plot M =] E3 || © Scatter Plok =] E3
% HighSchool Grad I % Farm Land |
= LA SKA (= ]
el SOUTHDAKgFA  _ifiv o
UT&H m EBRASKA
a5 COLORADD
s SHING TO N
WY OMING H2ss ILLINDIS
| MINNESOTA, it |
- NEERASHE BNE HAMPSHIRE DELAHOMS,
OREGON
e SN HAM}::EHMDNT -INDIANA
mIDAHD = MASSACHUSETTS o MDNTAN‘-MISSDUHI
L "3 COMMECTICUT
ARIZ0OMNA MEW MEXICO
(& WNEvEDgy W RYLEND
M
| SEELS DELAWARE KENTUCKY _ OHID
SOUTH DAKOTA,
b CHIGAN ME'W JERSEY - s a1 COLORADD
MORTH DAK ILLINDIS CalMRML ARZONs
75 INDYEHNA DELAWARE
Eﬁ MEW MExICO _ YIRGINLA w1 SCOM Il
aHIo
PE““SYLVA““‘EIBDDFLW BNE Y YORK EIAF!KANSASI:ITEN SEE
DKLAHDM.ﬁ- - Hahadall
= MARYLAND
73 u MISSISSIFPI WASHINGTON  VIRGINLA
TE A5 RHODE ISLAND DISTRICT OF COLURMELS
-FL_DA
CALIFORNILA
LOUISIA
GEORGLA Eopals Il
m . o A""‘Bm’ i e NEW YORK =
MORTH CAROLINA 26 IDAHD i
i CIS0UTH CaRgghe PENNSYLVANIA
TAH VERMONT MEW JERSEY
LOLIS|AMNA
CIOS0OUTH CAROLIMA, e
TEMMESSEE s\ apams 13 MASSACHUSETTS
&7
AR e N CENS D COMMECTICUT
o viRsis = WHE HAMPSHIRE
KENTUCKY ALASKS | DISTRICT OF COLUMEIA,
OMISSISSIPPI 0
&4
12 18 a1 24 27 30 3 “ 0 19000 22000 25000 25000 “
’i % College Grad  * | ’i |i Income per Capita |

|51 cuk of 51 recol

wisible (100,00 %), & marked

&



Census Data
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Visualization of Association Rules in SGI/MineSet 3.0
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IBM Miner — visualization of mining results
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SGI — other tools

=..; MinneSet Map Viswalizer 2.0 popeifation.rsa
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Graph-based Techniques

Narcissus

* Visualization of a larg
number of web pages

* visualization of compl
highly interconnected
data

~



Visualization of knowledge discovery process

A graphical tool for arranging components / steps of KDD
Just a graph flow of actions

Graphical objects — plug and place

Parametrization

Often — you may produce a kind of scipt representing a
graphical flow of KD process



Statsoft — Data mining graphical panel
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RapidMiner (YALE)
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Tukey’'s recommendations

Summary

e We should always take John Tukey’s “There is no excuse for
failing to plot and look” to heart

® “A picture is worth a thousand words”
is still (mostly) true, but as statisticians we should read it more like
“A full graphical analysis involves drawing a thousand pictures”

e Following only a few guidelines, we can make sure that we create
sensible (non-standard) plots that transport the right message

e Exploration graphics and diagnostic graphics should more and
more become one as they serve the same goal — data analysis



Tufte’s Principles of Graphical Excellence

* Give the viewer
— the greatest number of ideas
— in the shortest time
— with the least ink in the smallest space.

 Tell the truth about the data!

=.R. Tufte, “The Visual Display of Quantitative Information”, 2nd edition)



Look for other references
And play with different software tools
Excel is not the only and best software



Thank you for you coming to my lecture and asking questions!

Last Slide

[t’'s not over...




