“It 1Is a capital mistake to theorize
pefore one has data. Insensibly one
0eqgins to twist facts to suit theories,
instead of theories to suit facts.”







- ,_‘ AL > .

57 7 03 T 01
T (0F] L




"Data Science’” is thinking with data



How to categorize data

How to computationally
explore data

How to visually explore data
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Please ask questions if you have them!!!



How to categorize data

How to computationally
explore data

How to visually explore data
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What are the different properties of
the data



Data falls into two categories:

Quantitative:
Numeric meaqsures

Qualitative:
Descriptions, categories, and observations



Data about this book:

Quantitative:
142 pages
20,000 words
1,700 nouns

This Figure, that thou here !ccﬂp‘“, .
Tewvas for geate Shakefpeare cuts
‘Whercin the G er hada ftnife
with Nature, wo: edoot ;‘nhﬁ
uld he but havedrawne hus wic
°°Xs llmlvml ashehad hic

Hisface ; the Prin o~ldthm( }ﬂ'
All,dh mnvv

hano(l\lxk“"

B o s Pure, bus hisBooke.
B.1

Qualitative:

Old

By Shakespeare
Published in London




Data can also be:

Top 250 movies as voted by our users

For this top 250, only votes from regular voters are considered.

Rank | Rating | Title Votes
1.] 91 [The Shawshank Redemption (1994) 500,419
2.1 91 |The Godfather (1972) 398,773
3. 9.0 |Inception (Z2010] 20248
4.1 90 [The Godfather: Part Il (1974) 236.845
5.0 89 |The Good. the Bad and the Ugly (1966) 153,321
6.] 8.9 |Pulp Fiction {1994) 404 952

Ordinal

Continuous

Pigs

Cows Dogs

Categorical/Nominal

Discrete




What are the different levels of detaill
we can look ate




Overview

Scales

Overview:
High-level patterns looking
across all the data

Detail:

Low-level patterns looking at
specific pieces of the data




How to computationally
explore data







THRIVING IN THE BIG DATAERA

VOLUME
VARIETY
VELOCITY
VALUE

=

i

DATA SIZE

Reduce the dataset using mathematics
and logic



All models are wrong, but some are

useful.
--George E. P. Box



| U.S. Census Bureau, 2000 W younger older

- AVERAGE AGE, US COUNTIES

| classification method | classification method | classification method
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20 average age of county residents 58

Use statfistics to group the data into
manageable units
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Algorithmically categorize dataset
based on properties of the data



Topic Models:

ldentify words that categorize groups of texts in @
COrpus

Clustering:
ldentity groups of datapoints with similar properties

Bayes Nets:

Compute how likely it Is that a text belongs to
different groups based on its properties

Explainers:

Determine how similar different texts are 1o an
example text
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You need statistics to describe data, but
then visualization to see it In context.

-- Andy Kirk



Harley-Davids

Isdera

Jaguar

Kia

Daphne
Ezra
Archie
Betty
Chet
Daphne
Ezra
Archie
Betty
Chet
Daphne
Ezra
Archie
Betty
Chet
Daphne
Ezra
Archie
Betty
Chet
Daphne

Atlanta
Avocados Bobbins
2,870 2,903
2,970 2,503
2,831 2,804
2,983 2,516
2,201 2,23
2,805 2,893
2,965 2,998
2,929 2,962
2,581 2,614
2,299 2,332
2,963 2,996
2,563 2,596
2,917 2,950
2,569 2,602
2,287 2,320
2,951 2,984
2,551 2,584
2,730 2,823
23442 2,475
2,160 2,193
2829 2,857

4 |
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Acres

Boston

Canoes Avocados Bobbins

2,915
2,515
2,876
2,528
2,296
2,910
2,510
2,974
2,626
2,34
3,008
2,608
2,962
2,614
2,332
2,996
2,596
2,835
2,437
2,205
2,809

3,624
3,224
3,985
3,237
2,935
3,619
3,219
3,083
3,335
3,033
3,717
3,317
3,671
3,323
3,041
3,705
3,305
3,544
3,196
2,914
3,578

3,657
3,257
3,613
3,270
2,933
3,652
3,452
3,716
3,308
3,036
3,750
3,350
3,704
3,356
3,074
3,738
3,338
3,977
3,429
2,947
3,611

Bytes
Atlanta
Canoes Avocados Bobbins Canoes Awvo
3,669 2,715 2,798 2,780
3,269 2,315 2,38 2,360
3,630 2,676 2,09 2,721
3,282 2,328 2,361 2,373
3,000 2,046 2.0 2,091
3,004 2,710 2,3 2,755
3,204 2,310 2,33 2,355
3, 7208 2, /M 2807 2,619
3,380 2,426 2,459 2,471
3,093 2. 144 2,177 2,189
3,762 2,803 2 e L
3r352 2,4':”3 Er FEth'IiI'IEI Data...
3,716 2, B2 2,85 2,807
3,300 2414 2447 2,459
3,086 2,132 2,165 2,177
3, 790 2, 7396 2,829 2,841
3,300 2,396 2,329 29441
3,589 2,635 2,668 2,680
3,291 2,287 2,320 2,332
2,959 2,005 2,038 2,050
3,023 2,669 2,02 2,714




TextDNA

Load Dataset.

Properties..
retrence e ][]
¥ Mormalize block size
Glyph
wn
Wyidth [}
L Rt
[ Update Il Reset |
[__Add Color Ramp_| | Cancel |
v
Color Scale
Filter Menu
Link Menu
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Frequency [# of Decades)

words (Sorted by Freguency)

1660

1670

1680

1690

1700

1710

1720

1730

1740

1750

17600

17m

1780

1790

1800

1810

1820

1830

1840

1850

1860

1870

1880

1890

1900

1910

1920

1330

1940

1350

1960

1870

1980

1390

2000

Ready

Isualizations let us explore and communicate large

amounts of data visually



1) Visually encode the dato

2) Arrange the encoded data to highlight
patterns of inferest

3) Design complementary methods for
looking at the data that can answer
complex analysis qguestions

4) Design ways for interacting with the
encoded data that support your
analysis



1) Visually encode the data

2) Arrange the encoded data to highlight
patterns of inferest

3) Design complementary methods for
looking at the data that can answer
complex analysis questions

4) Design ways for interacting with the
encoded data that support your
analysis



Position

Size

Shape

Value/Lightness

Color

Orientation

Texture

Visual Encodings:

Ways to map data values to
visual marks

Different visual encodings
highlight different properties
in the data
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Encodings can be combined to communicate
multiple properties of the data




2) Arrange the encoded data to highlight
patterns of inferest



Once data is encoded, we can

highligh

[ )
-
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o/

- relationships in the data by:

Juxtapositioning encoded data side-by-side

Superpositioning encoded data in the same
space

Explicitly encoding relationships of interest
between datapoints



Small Multiples:
Juxtapose large
numbers of small
visualizations to
communicate high-
level patterns

Can either subdivide
the data or
properties of the
data

p
7 Overview

= K|

Data Type | Class x Ground Trut>
Overview Type [Quilted Blocks ~
Sort By:

== —

7

[CVisualize Uncertainty
MCC Score: 0.51

Performance




3) Design complementary methods for
looking at the data that can answer
complex analysis qguestions



[= %] {7 Hidden [= &= ‘1

[ Overview
Parformance: WIEE Scora: s ) =] =
Data Type [Class x Ground Trutx]  [TVisualize Uncertainty L - 8 Mesh Leam Visualizer L= )
Overview Type [GUited Blocks =] MCC Score: 0.51 l o Fie [ Goloning Modes | Giassifier vis _ Gamera | Options
1PVR_A_00_0_R Legend:
Sort By: MCC: 0.32 %
TP: 35/ 324 (11%) Textures .
; FP: 120/ 324 (37%) S G3
FN: 31324 (0.93%)
Region Colors . . .
Residue List:
018: ALA (A) A
019: THR (T)
020: SER (S)
021: ASP (D)
022: GLU (E)
023: VAL (V)
024:ARG (R)

4 I»

[+ Rte] LEU174, H
OTYRT7, ALABO, ARGB1, GLYE2, LEUS3
GvAL204

SIALA1S, THR19, GLU22, ASN26, SER102, Gl

& GLN35, ALA36, PHE37, SER38, GLU39, HIS:

& ALABE, PROBS, HIS99, ARG106, PRO107, S
-

RIET20 | ElAG_~vedn 1 B0
4

13

_«| _TakeTour | _GoToSelected | _» |

Field Scaling Power Decision Boundary

Coordinated Views:

Create multiple visualizations that work together to

support complex analysis
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Allow the user to change what data maps to which
visual channels to highlight different patterns

Dynamic Remapping:



4) Design ways for interacting with the
encoded data that support your
analysis






Inferaction

fo

. —Zoom: 1710

1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850




Some techniqgues for visualizing data...



Bar Charts

Compare values



Line Graphs

A

ldentify frends



Scatterplots
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ldentity clusters



Pie Charts

Communicate proportions of a whole
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Color fo convey values compactly



Isftogram

007 —

006 —

005 —

0.04 —

Density

003 —

002 —

001 —

0.00
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Nose lengths (mm)

Distribution over different properties



Choropleths:

Color fo convey
values

Size 1o convey
values



Networks/Node-Link Diagrams

Connect related objects



Trees & Hierarchies
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Communicate hierarchical relationships



Learn More about Visualization
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Visualization Reading Group

2pm every other Thursday

CS638/838: Visualization

Prof. Michael Gleicher
11:00-12:15 Tu/Th

Wisualization

at UW-Madison


http://en.wikipedia.org/wiki/File:VolRenderShearWarp.gif
http://mizbee.org/Overview.html
http://pages.cs.wisc.edu/~gregc/Research/molsurfabstract.html
http://axiis.org/

1) Break into groups—mix “techies” and
“humanists”

2) Pick one dataset from your group to
talk about

3) Sketch how you might approach
analyzing this data

4) Rinse and repeat

5) Group critigue



What are the different properties of the data?

What are the interesting relationships between these
properties and why?e

What are common or informative labels that can
describe different aspects of the datae

What, if any, questions do you want to explore in the
datae

What levels of detail are interestinge

What would be some interesting ways to “look™ at this
data?

What patterns (or lack thereof) would you hope to find in
this data and what would they mean?



