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EXPLORATORY DATA ANALYSIS
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READING RESPONSE: QUESTIONS/THOUGHTS

The section on spatial versus non-spatial data also raised questions for me. For
information with a natural spatial mapping, like showing ozone levels on a globe, the
visualization feels intuitive. But for abstract data like financial transactions,
designers have to invent new mappings. For example, mapping stock prices onto time
series graphs feels “obvious” now, but it's a convention, not a natural truth. How many of
the “standard” ways we visualize abstract data are shaping how we see patterns?

... while | think this ranking is a good general principle at first glance, | am skeptical
of how useful it is to draw these lines when creating visuals. While | understand that
this ordering is meant moreso as a guideline to what is traditionally effective, | do wonder
how much the ordering holds in specific cases. For example, and maybe | hold bias
because | am colorblind, but | see that for nominal variables hue is ranked significantly
above shape in importance, which from looking at the various visualizations in the readings
this week."
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Learning Objectives

1. What is exploratory data analysis and
why is it important?

2. What factors should we consider when
exploring a dataset?

3. How do visualization researchers design

tools to support exploratory data
analysis?

WHAT WAS THE FIRST DATA
VISUALIZATION?
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~6200 BC Town Map (?) of Catal Hyiik, Konya Plain, Turkey
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THE GOLDEN AGE OF VISUALIZATION

1786 1900
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Exports and Imports to and from DENMARK & NORWAY fiom 100 to 1780
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1786 1864 British Coal Exports, Charles Minard
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THE RISE OF
STATISTICS

1786

1. Use of formal methods from statistics
and social science

2. Little innovation in graphical methods

3. A period of popularization and

application

4. Graphical methods enter textbooks,
curricula and mainstream use

1900 1950
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The Future of Data Analysis, Tukey 1962
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Four major influences act on
data analysis today:

1. Formal theories of statistics

2. Accelerating developments in
computers and display devices

3. More and larger bodies of data

4. Emphasis on quantification in
many disciplines

The Future of Data Analysis, John
W. Tukey 1962

)

Exposure, the effective laying open
of the data to display the
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.

The Future of Data Analysis, John
W. Tukey 1962

)
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The Future of Data Analysis, John
W. Tukey 1962
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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
techniques need to be structured so
as to facilitate human involvement
and intervention

DATA WRANGLING

34
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| spend more than half of my
time integrating, cleansing and
transforming 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 2012]

35

43 Borat
BigDataBorat

In Data Science, 80% of time spent prepare
data, 20% of time spent complain about
need for prepare data.

36
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TIDY DATA [wickham 2014]

How do rows and columns, match up with data fields, and
observations?

In tidy data
1. Each field forms a column
2. Each observation forms a row
3. Each type of observational unit forms a table

Flexible starting point for analysis, transformation, and visualization

37

Dataset Data Field

Halloween Candy Power Ranking Dataset IZ

Data Item/Observation Cell Value j

1 | competitorname chocolate | fruity | caramel | peanutyalmondy  nougat | crispedricewafer | hard | bar | pluribus || sugarpercent fpricepercent  winpercent
2 | 100 Grand 1 o1 0 0 K o 1o | 73199999 86000001 66971725

\l N e : o o o e o | o |eommsr s omomss
4 | One dime 0 o o 0 0 lo o Jo o .o 16 32261086

6 | AirHeads 0 T 0 o lo o Jo o | 90600002 51099998 52341465

+ | ot : o o s e P i PR e P

8 | Baby Ruth 1 0 1 1 1 0 o |1 o | 60399997 76700002 56914547

9 | Boston Baked Beans o 0 0 1 0 0 o o |1 31200999 51009998 23417824

I 1o | Candy Com o 0 0 o o 0 CEE 90600002 32499999 33010963

1 | Caramel Apple Pops ) 1 1 0 0 o o o |o 60399997 32499999 34517681

12 | Char 1 o o 0 1 lo o |1 o 60399997 51099998 38975037

12 | Chewey Lemonhead Fruit Mix o 1 ‘n o o ‘o o o ‘1 I\ 73190999 Imgsggs 36017628

https://fivethirtyeight.com/videos/the-ultimate-halloween-candy-power-ranking/

38
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Bureau of Justice Statistics - Data online
http://bis.ojp.usdoj. gov/
Reported crime in Alabama
Y ear Population Property crime rate Burglary rate  Larceny-theft rate motor vehicle theft rate
2004 4525375 4029.3 87 2732.4 309.9
2005 4548327 3900 955.8 2656 289
2006 4599030 3937 968.9 2645.1 322.9
2007 4627851 3974.9 0980.2 2687 307.7
2008 4661500 4081.9 1080.7 2712.6 288.6
Reported crime in Alaska
Year Population Property crime rate Burglary rate  Larceny-theft rate motor vehicle theft rate
2004 657755 3370. 573.6 2456.7 340.6
2005 663253 3615 622.8 2601 391
2006 670053 3582 615.2 2588.5 378.3
2007 683478 3373.9 538.9 2480 355.1
2008 686293 2928.3 470.9 2219.9 237.5
Reported crime in Arizona
vear Population Property crime rate Burglary rate  Larceny-theft rate motor vehicle theft rate
2004 5739879 5073.3 991 3118.7 963.5
2005 5953007 4827 946.2 2958 922
2006 6166318 4741.6 953 2874.1 914.4
2007 6338755 4502.6 935.4 2780.5 786.7
2008 6500180 4087.3 894.2 2605.3 587.8
Reported crime in arkansas
Y ear Population Property crime rate Burglary rate  Larceny-theft rate motor vehicle theft rate
2004 2750000 4033.1 1096.4 2699.7 237
2005 2775708 4068 1085.1 2720 262
2006 2810872 4021.6 1154.4 2596.7 270.4
2007 2834797 3045.5 1124.4 2574.6 246.5
2008 2855390 3843.7 1182.7 2433.4 227.6
39
DataWrangler
ransform Script Inpon Expon ==
. F Z |} Year L ] extract @ Property_crime rate
soi daa repeaedy on il oot e - B
12004 #029.3
lit repeatedty on 2 2005 3900
3 2006 3937
TN SOV 4 2007 3974.9
e 5 2008 4081.9
sl ks 6 Reported crime in Alosko
Teat Colomat  Rows. Table L 7 2000 3370.9
8 2005 3615
9 2006 3582
g 10 2007 3373.9
11 2008 2928.3
y L N 12 Reported crime in AFZon0
Y 13 2004 5073.3
oo < 14 2005 g2
Year n 15 2006 ATALE
16 2007 4502.6
1 Year n 1712008 4087.3
18 Reported crime in Arkansos
Yea in 19 2004 4033.1
20 2005 4068
21 2006 4021.6
22 2007 35,5
23 2008 3843.7
24 Reported crime (n Colifornie
25 2004 3423.9
26 2005 3321
27 2006 3175.2
28 2007 3032.6
29 2008 2940.3
10 Reorted crime in Calorads
Wrangler: Interactive Visual Specification of Data Transformation Scripts [Kandel 2011]
40
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A RQU E Ro https://observablehg.com/@uwdata/tidy-data-in-javascript

state year rate

Alabama 2004 4029.3

Alabama 2005 3900.0

Alabama 2006 3937.0

Alabama 2007 3974.9

Alabama 2008 4081.9

Alaska 2004 3370.9

Alaska 2005 3615.0

Alaska 2006 3582.0

Alaska 2007 3373.9

Alaska 2008 2928.3

Arizona 2004 5073.3

Arizona 2005 4827.0

Arizona 2006 4741.6

{} aq.fromCSV(crime_csv(), { header: false, names: ['year', 'rate'l] })
.filter(d => d.year != null || d.rate != null)
.derive({
state: d => op.fill_down(op.match(d.year, /Reported crime in (.x*)/, 1)) // <- extract state name
}, { before: 0 })
.filter(d => d.rate != null) // <— or, we could delete when year column starts with "Reported crime in"
.view(100)
41

WRANGLING DATA

One often needs to reformat, clean, quality assess, and integrate
data prior to analysis

Some approaches:
Code: arguero (Javascript), dplyr (R), pandas (python)
Manual manipulation in spreadsheets

Open Refine
Tableau

Data wrangler [Kandel 2011] became Trifacta Wrangler but was
recently bought by Alteryx and is a little harder to use now

42
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https://observablehq.com/@uwdata/tidy-data-in-javascript
https://observablehq.com/@uwdata/tidy-data-in-javascript
https://observablehq.com/@uwdata/tidy-data-in-javascript
https://observablehq.com/@uwdata/tidy-data-in-javascript
https://observablehq.com/@uwdata/tidy-data-in-javascript
https://observablehq.com/@uwdata/tidy-data-in-javascript
https://observablehq.com/@uwdata/tidy-data-in-javascript
https://uwdata.github.io/arquero/
https://dplyr.tidyverse.org/
https://pandas.pydata.org/
http://openrefine.org/
https://www.tableau.com/
https://www.alteryx.com/about-us/trifacta-is-now-alteryx-designer-cloud
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“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

43

44

19



10/1/25

Profile ed Friends » Networks v Inbox v

Bill Gates

Search +
Is gfad he finally joined faced

and hopes you wil

Applications  edt

L8] Fhotos

See Al

7 Update: Bill has posted 3 note
Friends, 1 have finally caved and Joned L America’s K 9 ]
Cl Networking web wte! A2 fiest [ din® Jois Deciuse you needed & college
Akurrvd 20Iress, 30d | never quite GOt one. Then when the place started
CPENNg UP 1O hugh SChooks 3nd CONPOLIONS, with everyone and his grand-
mother jonng, | wanted 0. But by then | was mad 1 Gant have any shares

Markatplace

The New York

— in this $15 bion Baby. .. S0 Just now | decided to phunk down $240 milion
20 buy 1.6% of the comparry from codl lad CEO Mark Zuckerberg. Sure | taw
the potential for ad revence NGt awiry «« but ts 5 wild. 1've never had mry
o Facebook page before!

Send Bl a Gift
Dont have 3 kot of friends yet bt 1've been running nto pecpie . Seewng thew
Send Bl 3 Message atus updatos . Wom, £ 3 groat place to check up 0N My empioyees and my
a5t They keep saying what thewr woekend clans are o thew status Bars. And
Pole 8O0 of Course | love how you Can 300 o these Mtle SOware SPPACAtIONS to the

page. Or wiite your very own!

BRAagraneE I'm 5288 gatting the hang of the wholk thing _ [% teems thera are & variesy of
forurms where | Can vent 10 others and duplyy detads of my Me? O.K. - It waint
asy DeNg S0 MUCH SMarter Than everyone eise, Pretending to e 3 Qrown-up
over the telephone 50 | Could get Grown-up JObS Programming these new things
v Friends Caled computers when 1 was 2l 3 chia

See AN AL coleve | Med the aee B Sroun Never lod b SOOM Qe0en, o Bad b socl

Craph Viewer

Graph Viewer
Roll-up by: B
(an H

Visualization

Node-Link =

Sort by:
None B . B

Edge centrality flters

O

) images

¥ Animate

46

20



10/1/25

Graph Viewer
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Berkeley

Cornell

Harvard

Harvard University
Stanford

Stanford University

UC Berkeley

UC Davis

Univ. of California at Berkeley
Univ. of California, Berkeley
Univ. of California, Davis

VISUALIZE FRIENDS BY SCHOOL

49
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!

50
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ANALYSIS EXAMPLE:
MOTION PICTURES DATA

51

MOTION PICTURES DATA TYPES

Title String (N)
IMDB Rating Number (Q)
Rotten Tomatoes Rating Number (Q)
MPAA Rating String (O)

Release Date Date (T)

52
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IMd

B USER RATINGS

;32:3::332:235:3::
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ROTTEN TOMATOES RATINGS

5 ° ° = 2 =& =& % 2 $ % 3 % 3 $ = = 8 3 3 3% %

54
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IMDB Rating

[ 10 20 30 40 50 60 70 80 % 100
Rotten Tomatoes Rating

55

The Shawshank Redemption The Godfather
Inception (P Pulp Fiction
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The Godfather
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LESSON: EXERCISE SKEPTICISM

Check data quality and your assumptions

Start with univariate summaries, then consider
relationships between variables

Avoid premature fixation!

59

60
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ASSIGNMENT 2: EXP. DATA ANALYSIS

Use or to formulate & an

swer data questions

First steps indexed Gas Pices by Region Over Time Where

Step 1: Pick domain & data
Step 2: Pose questions
Step 3: Profile data

Iterate as needed

Create visualizations
See different views of data
Refine questions

Avg. Price

Author a report
Screenshots of most insightful views (8+)
Include titles and captions for each view

I Central Atlantic

M East Coast

M Gulf Coast

M Lower Atlantic

W Midwest

W New England

B Rocky Mountain
West Coast

‘When prices peak, the

West Coast gets hit

1998 2000 2002 2004 2006 2008
Date

61

Tableau Tutorial Session

GRS W[5 7 s ETES=ra e

This Fri 10/3 10:30-11:30 We will
walk through the basics of using
Tableau. Should be helpful for A2

62
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ANALYSIS EXAMPLE:
ANTIBIOTIC EFFECTIVENESS

63

ANTIBIOTIC EFFECTIVENESS DATA TYPES

Genus of Bacteria

Species of Bacteria

Antibiotic Applied
Gram-Staining

Min. Inhibitory Concentration (g)

Collected prior to 1951

String (N)
String (N)
String (N)
Pos / Neg (N)
Number (Q)

64
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WHAT QUESTIONS MIGHT WE ASK?

Table 1: Burtm’s data. Antibiotic
Bacteria Penicillin Steptomycin _ Neomycin Gram Staining
Aerobacter aerogenes 870 1 16 negative
Brucella abortus 1 2 0.02 negative
Brucella anthraciz 0.001 0.01 0.007 positive
Diplococcus pneumoniae 0.005 11 10 positive
Eschenichia coli 100 04 0.1 negative
Klebsiella prewmoniae 850 12 1 negative
Mycobacterrum tuberenlosis 800 5 2 negative
Proteus vulgaris 3 0.1 0.1 negative
Pseudomonas aeruginosa 850 2 04 negative
Salmonella (Eberthella) nphesa 1 0.4 0.008 negative
Salmonella schottmuelleri 10 0.8 0.09 negative
Staphylococeus albus 0.007 0.1 0.001 positive
Staphylococcus aureus 003 0.03 0.001 positive
Streptococeus fecalis 1 1 0.1 positive
Streptococeus hemolyticus 0.001 14 10 positive
Streptococeus viridans 0.005 10 40 positive
65

%

HOW DO DRUGS
% ;% -

%
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[Burtin 1951]

Radius: 1/log(MIC)
Bar Color: Antibiotic
Background Color: Gram Staining

66

10/1/25

30



10/1/25

W Penicilin () M Streptomycin (S) NI Neomycin (N)
minimum inhibitory
concentration

o PSN

o,

= bl la  W.R.T ANTIBIOTIC RESISTANCE?

Mycobac jomonas Aerovacter  Kebsiella
ubercu inosa - asrogenes  pneumon
1000
100
10 I
1
ps oy lmg ll. | ™ i,
001 PSN PSN psl psll PSN N t t t 1
oo N Ot a streptococcus:
Esoheicha 8

T T B e *7 (realized ~30 yrs later)

1

SN o1
oot SN SN s
o001 P

e e . — Really a streptococcus!
(realized ~20 yrs later)

288

Wainer & Lysen
American Scientist, 2009

67

LESSON: EDA IS AN ITERATIVE PROCESS

1. Construct graphics to address questions
2. Inspect “answer” and assess new questions
3. Repeat!

Transform the data appropriately (e.g., invert, log)

“Show data variation, not design variation” -Tufte

69
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TABLEAU/POLARIS

104

POLARIS [stolte 2002]

(6 Polaris v2.0

Gpsime St <k D roes
|

DyProduct | A

ot |

) I Honths ]
Group tn panes by: [aveiprofit) ‘Washington Massachusettc MNew York Catifornis
500 %
100
v Agaregate Data .
Sort in panes by: 5 200
100 ®ie 0 AL
farary Lis
Q oJrvir i
Mark: DT
circle - 200
Color: o
Size:
800
700
600
a 500
Default Size: ]
g 400
300
200

[ Defautt Calor

Started as a Stanford research
project by C. Stolte, D. Tang &
P. Hanrahan

105
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TABLEAU

Table Bookmark Window Help e

EEEEI DR T

Eie Edt Vew Fomst Data Analysis

1 2 3

S50M —

so0m |
Levelof Detal

Data
Display

450m |

00M —

350m |

300M —

250m |

I
SUM(Totsl Receipts)

# Total Recepts 1 200M
# pessure Valves.

1500 |

100m

som |

om

1996 1 1998 | 2000 | 2002 |

1996 1 1998 1 2000 | 2002

Z

TABLEAU DEMO

Dataset:
Federal Elections Commission Receipts
Every Congressional Candidate from 1996 to 2002
4 Election Cycles
9216 Candidacies

107
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DATA TYPES

Year (Qi)

Candidate Code (N)

Candidate Name (N)

Incumbent / Challenger / Open-Seat (N)
Party Code (N) [1=Dem,2=Rep,3=0ther]
Party Name (N)

Total Receipts (Qr)

State (N)

District (N)

This is a subset of the larger data set available from the FEC, but should be
sufficient for the demo

108

HYPOTHESES

What might we learn from this data?
Have receipts increased over time?
Do democrats or republicans spend more?
Candidates from which state spend the most money?

109
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TABLEAU DEMO

110

POLARIS/TABLEAU APPROACH

Insight: simultaneously specify both database queries & visualization
Choose data, then visualization, not vice versa

Use smart defaults for visual encodings (Like APT)

Can also suggest more encodings upon request (ShowMe)
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SUMMARY

Exploratory analysis combines data analysis and graphical methods

Use questions to uncover more questions

Interaction is essential for exploring large multidimensional datasets
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