CSE 412 - Intro to Data Visualization

Exploratory Data Analysis

Jane Hoffswell



What was the first
data visualization?

0 BC




~6200 BC Town Map of Catal Hylik, Konya Plain, Turkey
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~950 AD Position of Sun, Moon and Planets
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Sunspots over time, Scheiner 1626
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Longitudinal distance between Toledo and Rome, van Langren 1644







The Rate of Water Evaporation, Lambert 1765
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The Golden Age of
Data Visualization
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“to affect thro’ the Eyes

what we fail to convey to
the public through their

word-proof ears”
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66, INTRRSTATE MIGRATION—NUMBER OF NATIVE [MMIGRANTS AND NATIVE EMIGRANTS, BY STATES AND TERRITORIES ! 18g0.

Native immigrants, { Hundreds of thonsands.) Nathve exsigrants,
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https://medium.com/nightingale/w-e-b-du-bois-staggering-data-visualizations-are-as-powerful-today-as-they-were-in-1900-64752c472ae4
https://medium.com/nightingale/w-e-b-du-bois-staggering-data-visualizations-are-as-powerful-today-as-they-were-in-1900-64752c472ae4

The Rise of Statistics




Rise of formal statistical methods in the
physical and social sciences

Little innovation in graphical methods

A period of application and popularization

Graphical methods enter textbooks,
curricula, and mainstream use

1786 1900 1950




1786 Data Analysis & Statistics, Tukey 1962
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= Four major influences act on data

' analysis today:

= 1.The formal theories of statistics.

2. Accelerating developments in
computers and display devices.

3. The challenge, in many fields, of
more and larger bodies of data.

4. The emphasis on quantification
in a wider variety of disciplines.



. The last few decades have seen the

~_u rise of formal theories of statistics,

"legitimizing" variation by confining

‘S it by assumption to random

sampling, often assumed to involve
tightly specified distributions, and
restoring the appearance of
security by emphasizing narrowly
optimized techniques and claiming
to make statements with "known"
probabilities of error.



While some of the influences of
statistical theory on data
analysis have been helpful,
others have not.




: Exposure, the effective laying

«ﬁ@ !-"- open of the data to display the

- i unanticipated, is to us a major

- -

*

portion of data analysis. Formal
statistics has given almost no
guidance to exposure; indeed, it is
not clear how the informality and
flexibility appropriate to the
exploratory character of exposure
can be fitted into any of the

structures of formal statistics so far
proposed.




Nothing - not the careful logic of

—  mathematics, not statistical models

and theories, not the awesome

= arithmetic power of modern

computers - nothing can substitute
here for the flexibility of the
informed human mind.

Accordingly, both approaches and
technigues need to be structured so
as to facilitate human involvement
and intervention.
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Summary Statistics
uy =9.0 o,=3.317
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Set C

Y

10 7.46
8 6.77
13 12.74
9 7.11
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14 8.84
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12 8.15
/7  6.42
5 5.73

Linear Regression

Y =3+05X
R2=0.67
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[Anscombe 1973]
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A1: Visualization Design

Pick a guiding question, use it to title your vis.
Design a static visualization for that question.

You are free to use any tools (inc. pen & paper).

Deliverables (upload via Canvas; see A1 page)
Image of your visualization (PNG or JPG format)

Short description + design rationale (< 4 paragraphs)

Due tonight by 11:59 pm PT, Monday Apr. 5th.



A2: Exploratory Data Analysis

Use visualization software to form & answer questions

First steps:

Step 1: Pick domain & data I | =

Step 2: Pose questions = | I I

Step 3: Profile the data ;fj' — -1 H 111 dn. I
lterate as needed b i.D_Rin.s
Create visualizations = [ A

Interact with data
Refine your questions

o
s
LT T D 508
Amace. Cowm. Oecel  Cefs  Cafe Oecel Megur Cham. Lemon Mt Dages  Ea Green
+ Wit Motha Expem Bieees ey Tes
¢ by 13 Cobumnny APl 29,507

Author a report
Screenshots of most insightful views (8+) Due by 11:59pm
Include titles and captions for each view Monday, Apr 19



A2: Exploratory Data Analysis

Use visualization software to form & answer questions

Step 1: Pick domain & data
You can analyze any dataset of your choice
Consider exploring a dataset for your Final Project

Step 2: Pose questions
Write down three initial questions

Step 3: Profile the data
Assess data quality, create visualizations, refine questions

Assignment description on course website
Example report as Observable document



https://courses.cs.washington.edu/courses/cse412/21sp/a2.html
https://observablehq.com/@uwdata/a2-example-movies-data

Course Participation & Ed

Week 1 Discussion & Quiz due today by 11:59pm

Week 2 Discussion & Quiz posted this afternoon,
due Monday April 12th, by 11:59pm PT



Required Readings for Wed 4/7

Discovery Locating Data
Field Definitions
Wrangle Data Integration
Parsing Semi-Structued
Advanced Aggreqation and Filtering
Profile  Data Quality
Verifying Assumptions
Vicde eature Selection
Scale
Advanced Analytics
Report ommunicating Assumptions
Static Reports
Workflow Data Migration
Operaticnalizing Workflows

Database SQL
Hadoop/Hive/Pig
MongoDB
CustomDB

ripting Java
Perl
Python
Clojure
Visual Basic

Medeling R
Matlab

1,000 100 10 01 0.01 0.001 SAS

Neomycin MIC (ug/ml, reverse log scale) Excel

)
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>
2
E
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S
Q
-
£
3
c
o
Q.

Notebook: Scales, Axes, and Legends. Enterprise Data Analysis and Visualization: An Interview
Study. Sean Kandel, Andreas Paepcke, Joseph M.
Hellerstein, and Jeffrey Heer. IEEE InfoVis. 2012.



Questions?
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| spend more than half of my
time integrating, cleansing and
transtforming data without doing
any actual analysis. Most of the
time I'm lucky if | get to do any
"analysis” at all.

Anonymous Data Scientist
Kandel et al. "12]






~ff® Big Data
@ 4. Borat
BigDataBorat

In Data Science, 80% of time spent prepare

data, 20% of time spent complain about
need for prepare data.




Bureau of Jugtice Sgatﬁstics - Data online
http://bjs.ojp.usdoj.gov/

Reported crime in Alabama

Year
2004
2005
2006
2007
2008

Reported crime in Alaska

Year
2004
2005
2006
2007
2008

Reported crime

Year
2004
2005
2006
2007
2008

Population

4525375 4029,

4548327 3900
4599030 3937

4627851 3974.
4661900 4081.

Population

657755 3370,
663253 3615
670053 3582
683478 3373.
686293 2928,

Population

5739879 5073,

5953007 4827

6166318 4741.
6338755 4502,
6500180 4087.

WO h w

Property crime

087 2732.4
955.8 2656
068.9 2645.1
080.2 2687

1080.7 2712.6

Property crime

573.6 2456.7
622.8 2601
615.2 2588.5
538.9 2480
470.9 2219.9

in Arizona

Property crime

991 3118.7
046, 2 2958

953 2874.1
935.4 2780.5
894.2 2605.53

Reported crime in Arkansas

Year
2004
2005
2006
2007
2008

Population

2750000 4033,

2775708 4068

2810872 4021.
2834797 3945,
2855390 38453,

~Nwu;

Property crime
1096.4 2699.7
1085.1 2720

1154.4 2596.7
1124.4 2574.6
1182.7 2433.4

Reported crime in California

Year
2004
2005
2006
2007
2008

Population
35842038
36154147
36457549
36553215
36756666

Property crime
3423.9 686.1
3321 692.9
3175.2 676.9
3032.6 648.4
2940.3 646.8

Reported crime in Colorado

Year
2004

Population

4601821 30918,

5

Property crime
717.3 2670.5

rate
309,
289
322.
307.
288.

[a 1T RUw R o]

rate
340,
391
378.
355.
237.

o fa)]

rate
963.
022
914.
786.
587.

wun

o~ =

rate
237
262
270.
246,
227.

Ghun B

rate
2035.1
1915
1831.5
1784.1
1769.8

rate
521.6

Burglary

Burglary

Burglary

Burglary

Burglary
704.8
712
666.
600.
523.

N

Burglary

rate

rate

rate

rate

rate

rate

Larceny-theft

Larceny-theft

Larceny-theft

Larceny-theft

Larceny-theft

Larceny-theft

rate

rate

rate

rate

rate

rate

Motor

Motor

Motor

Motor

Motor

Motor

vehicle

vehicle

vehicle

vehicle

vehicle

vehicle

theft

theft

theft

theft

theft

theft

rate

rate

rate

rate

rate

rate



DataWrangler

Suggestions rows: 408 prev next

h Year gh Property_crime_rate

Reported crime in Alabama

Delete rows 8,10

2004
2005

1
2
3
4
Delete rows where Property_crime_rate 52006
6
7
8
9

Delete empty rows

is null 2007
2008

Delete rows where Year is null

Reported crime in Alaska

Script
v 10

™ Split data repeatedly on newline into 112004
rows 122005
132006

142007
B

> Split data repeatedly on ',

Wrangler: Interactive Visual Specification
of Data Transformation Scripts
Sean Kandel et al. CHI'T1



https://vimeo.com/19185801

Data Wrangling

One often needs to manipulate data prior to
analysis. Tasks include reformatting, cleaning,
quality assessment, and integration.

Approaches include:
Manual manipulation in spreadsheets
Code: arquero (JS), dplyr (R), pandas (Python)

Trifacta Wran g ler http://www.trifacta.com/products/wrangler/

Open Refine http://openrefine.org/



https://github.com/uwdata/arquero
https://dplyr.tidyverse.org/
https://pandas.pydata.org/
http://www.trifacta.com/products/wrangler/
http://openrefine.org/

Data Quality

“The first sign that a visualization is good is that it
shows you a problem in your data...

...every successful visualization that I've been
involved with has had this stage where you realize,
"Oh my God, this data is not what | thought it would
be!" So already, you've discovered something.”

Martin Wattenberg



, County (Res):

Zip Code (Res):
Received:

Complaint Sequence:;

Source:

Reason:

Alleged Offense;
Offense Level:

Prince Georges
20770

940706

1

Citizen
Delinquent

. Maranding

- County (Off): , i rge
lnfants! .~ Zip Code (O Céﬁﬁ%ﬁah?a!
g Area Y
4 ??? Office: 71610
i . e Intake Decision Date: 940729
i ! Intake Decision: Closed
Days to |D; 23
3 Court Finding: NOMNE
7 Disposition Date: 0
4 1 Disposition:
i i
i I
ik Ji=]
lollllllllll1lUlllllllllzlollIlllllI‘?'IDIIIIlllIIlllllllll|5lllllllllllllllllllBllllIlllllllllllllllglnllll
“’l 4] Age

Query Result: 4792 out of 4792 (100%)
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Graph Viewer

Graph Viewer
Roll-up by:
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Visualization:
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Visualize Friends by School?

Berkeley
Cornell
Harvard

Harvard University

Stanford

Stanford University

UC Berkeley
UC Davis
University of Ca
University of Ca
University of Ca

ifornia at Berkeley
ifornia, Berkeley
ifornia, Davis




Data Quality Hurdles

Missing Data no measurements, redacted, ...?
Erroneous Values misspelling, outliers, ...?

Type Conversion e.g., zip code to lat-lon

Entity Resolution diff. values for the same thing?
Data Integration effort/errors when combining data

LESSON: Anticipate problems with your data.
Many research problems around these issues!



Sneek Peek



Analysis Example:
Motion Pictures Data



Number of Records
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Analysis Example:
Antibiotic Effectiveness



What questions might we ask?

Table 1: Burtin's data. Antibiotic
Bactena Pemicillin Steptomyein  Neomycin Gram Staimning
Aercbacter aerogenes 870 1 16 negative
Brucellz abortus 1 2 0.02 negative
Brucellz anthraciz 0.001 0.01 0.007 positive
Diplococcus pneumoniae 0.005 11 10 positive
Escherichia coli 100 0.4 0.1 negative
Klebziella preumoniae 830 1.2 1 negative
Mycobactermum ruberculosis 800 5 2 negative
Proteus vuligari: 3 0.1 0.1 negative
Pseudomonas aeruginoza 850 2 0.4 negative
Salmonella (Eberthella) nphesa 0.4 0.008 negative
Salmonella schotmmueller: 10 0.8 0.09 negative
taphvlococcus albus 0.007 0.1 0.001 positive
taphvlococcus qureus 0.001 positive
Streptococcus fecalis 0.1 positive
Streptococcus hemolyticus 10 positive
Streptococcus viridans . 40 positive
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