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A2: Exploratory Data Analysis

Use to formulate & answer questions
First steps

Step 1: Pick a domain
Step 2: Pose questions
Step 3: Find data

lterate

Indexed Gas Prices by Region Over Time

Create visualizations
Interact with data
Question will evolve
Tableau

1994 1995 1998 2000 2002 2004 2006 2008

Make wiki notebook

Keep record of all steps
you took to answer the
questions

Due before class on Oct 15, 2018

Exploratory Data Analysis




The Future of Data Analysis, John W. Tukey
1962

The last few decades have seen the

rise of formal theories of statistics,

"legitimizing" variation by confining it
= by assumption to random sampling,

2 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.
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The Future of Data Analysis, John W. Tukey
1962




= statistical theory on data analysis
have been helpful, others have not.
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The Future of Data Analysis, John W. Tukey
1962

— T — Exposure, the effective laying open
P of the data to display the
[ RE—"=27 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
g proposed.
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Topics

Data Diagnostics
Effectiveness of antibiotics
Confirmatory analysis
Graphical Inference

Intro to Tableau

Data Diagnostics




Bureau of Justice Statistics - Data online
http://bjs.ojp.usdoj.gov/

Reported crime in Alabama

vear population Property crime rate Burglary rate  Larceny-theft rate motor vehicle theft rate
2004 4525375 4029.3 987 32.

2005 4548327 3900 955.8 2656 289
2006 4599030 3937 968.9 2645.1 322.
2007 4627851 3974.9 980.2 2687 307.
2008 4661900 4081.9 1080.7 2712.6 288.
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Reported crime in Alaska

Y ear pPopulation Property crime rate Burglary rate  Larceny-theft rate motor vehicle theft rate
2004 657755 3370.9 573.6 2456.7 340,

2005 663253 3615 622.8

2006 670053 3582 615.2

2007 683478 3373.9 538.9 2480 355.
2008 686293 2928.3 470.9

Reported crime in Arizona

year Population Property crime rate Burglary rate  Larceny-theft rate motor vehicle theft rate
2004 5739879 5073.3 0991 3118.7 0963.5

2005 5953007 4827 946.2 2958 922
2006 6166318 4741.6 953 2874.1 914,
2007 6338755 4502.6 935.4 2780.5 786.
2008 6500180 4087.3 894.2 2605.3 587,
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Reported crime in arkansas

vear population Property crime rate Burglary rate  Larceny-theft rate motor vehicle theft rate
2004 2750000 4033.1 1096.4 2699.7
2005 2775708 4068 1085
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2006 2810872 4021.6 1154.4 2596.7 270.4

2007 2834797 3945.5 1124.4 2574.6 246.5

2008 2855390 3843.7 1182.7 2433.4 227.6

Reported crime in california

Y ear Population Property crime rate Burglary rate  Larceny-theft rate motor vehicle theft rate
2004 35842038 3423.9 686.1 2033.1 704.8

2005 36154147 3321 692.9 1915 712

2006 36457549 3175.2 676.9 1831.5 666.8

2007 36553215 3032.6 648.4 1784.1 600.2

2008 36756666 2940.3 646.8 1769.8 523.8

Reported crime in Colorado

Year Population Property crime rate Burglary rate  Larceny-theft rate motor vehicle theft rate
2004 4601821 3918.5 717.3 2670.5 521.6

Data “Wrangling”

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

Some approaches:
Writing custom scripts
Manual manipulation in spreadsheets
Data Wrangler:
Google Refine:



http://vis.stanford.edu/wrangler
http://code.google.com/p/google-refine

How to gauge the quality of a visualization?

“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

Query Result: 4792 out of 4792 (100%)
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Bill Gates

Is glad he

¥ Mini-Feed

7 Update: BIll has posted 3 note
Friends, 1 have finally caved and Joined facebook, America's fastert-growing
SO0 Networking web B! AL fiest I diint Join becaunse you noeded & college
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Qe Facebook page before!

Dont have 2 kot of friends yet bet 1've been running nto pecpie . Seeing thew
Eatus updates . Wowm, £% 3 groat place to check up 0 My erployees and My
ds! Thy keep Saying what thelr woekend plans are o ther status Bars. And
of course 1 love how you Can 330 3 these Mile SOMware APORCAtOnS to the
page. Or wite your very own'!
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a5y DeNg S0 MUCH SMArter Than everyone eise, Pretending to e 3 Qrown-up
over the telephone 0 | could get N-UD JODS DRODIATHTING these New things
calied computers when 1 was sl 3 chikd

AL coboge 1 100 the a5l group. Never led 3 S00M Oroup, o had & socal
petwonk Ha, ha, Now ['ve Gone even better than that: I've bough
the national friend system! Take that chquesters. Aryone who ever
N the dnng hall . Got frends? | own 1.6 % of your friends.

Bt 4onT worry AbOuUt tham. Send M & Message’ Write on may wall!

Or

B0 and Mark Zuckerberg are now frends

D and Warren Butfett have Joned the 0roup SIve the Works Now the
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Graph Viewer
Graph Viewer
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Visualize Frie

Berkeley

Cornell

Harvard

Harvard University
Stanford

Stanford University
UC Berkeley

UC Davis

nds by School?

Univ. of California at Berkeley |111I11111111111

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

Data Quality & Usability Hurdles

Missing Data
Erroneous Values
Type Conversion
Entity Resolution
Data Integration

no measurements, redacted, ...?
misspelling, outliers, ...?

e.g., zip code to lat-lon

diff. values for the same thing?

effort/errors when combining data

LESSON: Anticipate problems with your data.
Many research problems around these issues!
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Exploratory Analysis:
Effectiveness of Antibiotics

What questions might we ask?

Table 1: Burtmn’s data.

Antibrotic

Steptomyecin  Neomycin Gram Staining

Bacteria Penicillin
Aercbacter aerogenes 7
Brucellz abortus 1
Brucella anthracis 0.001
Diplococcus pneumonias 0.005
E=cherichia coli 100
Klebsiella prieumoniae 850
Mycobacterum tuberculosis 800
Proteus vuigaris 3
Pseudomonas aeruginoza 850
Salmonella (Eberthella) nphesa 1
Salmonella schottmuelleri 10
Staphylococcus albus

Staphylococcus aureus

Streptococcus fecalis

Streptococcus hemolyticus

Streptococcus viridans

16 negative
0.02 negative
0.007 positive
10 positive
0.1 negative
1 negativy
2 negativy
0.1 negativy
04 negativ
negativ
negativ
positive
positive
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The Data Set

Genus of Bacteria
Species of Bacteria
Antibiotic Applied
Gram-Staining?

Min. Inhibitory Concent. (g)

Collected prior to 1951

Will Burtin, 1951

Bacteria

Aerobacter aerogenes
Brucella abortus

Bacillus anthracis
Diplococcus pneumoniae
Escherichia coli

Klebsiella pneumoniae
Mycobacterium tuberculosis
Proteus vulgaris
Pseudomonas aeruginosa
Salmonella (Eberthella) typhosa
Salmonella schottmuelleri
Staphylococcus albus
Staphylococcus aureus
Streptococcus fecalis
Streptococcus hemolyticus
Streptococcus viridans

Antibiotic

Gram

Penicillin Streptomycin Neomycin stain

870

1
0.001
0.005
100
850
800

3

850

1

10
0.007
0.03
1
0.001
0.005

How do the drugs compare?

1
2

1
04
1.2

5
01
2
04
08
0.1

1
14
10

1.6
0.02
0.007
10
0.1

1

2

0.1
0.4

0.09
0.001

0.1
10
40

o oA e G e o SR B E R T R
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Penicillin (P)
minimum inhibitory
concentration

||| Il. How do the bacteria
o%g: PSN PSN group With reSPeC'l'
to antibiotic

resistance?

Escherichia Brucella
coli s leri  abortus

1000
100

o | !!7l!~L Not a streptococcus!
— I P (realized ~30 yrs later)

oo1 SN
0.001 P

Streptococcus C Diplococcus
vir cu pneumoniae

% © - Really a streptococcus!
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o — (realized ~20 yrs later)

Streptoc s
001 PSN Staphylococcus
0.001 Salmonelia
Proteus
Wigaria @ Gram positive
1000
100
10
0y PSN .
30 LU LN | Wainer & Lysen
0.001
Bacillus Staphylococcus  Staphylococcus . . .
anthracie. aunous abes American Scientist, 2009

Other

Bacillus
anthracis ®

Staphylococcus albus @

Diplococcus

P e Staphylococcus aureus @

Brucella abortus

genus name Streptococe acalis . r) . . Salmonelia

Strep CcCus
Staphylococcus
Salmonella Salmonella schottmuelleri @
other

CL

Proteus vulgaris @

: : @ Escherichia coli
Klebsiella pneumoniae

Mycobacterium tuberculosis “ @ Pseudomonas aeruginosa
Aerobacter aerogenes

Penicillin minimum inhibitory concentration

T
100 10 1 4 |
Neomycin minimum inhibitory concentration

How do the bacteria group w.r.t. resistance?

Do different drugs correlate?
Wainer & Lysen

American Scientist, 2009




Lessons

Exploratory 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

Confirmatory Data Analysis
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Some Uses of Formal Statistics

What is the probability that the pattern I'm seeing
might have arisen by chance?

With what parameters does the data best fit a
given function? What is the goodness of fit?

How well do one (or more) data variables predict
another?

...and many others

Example: Heights by Gender

Gender Male / Female
Height (in) Number

b = 69.4  op = 4.69 N,. = 1000
w =63.8 o =4.18 N; = 1000

Is this difference in heights significant?

In other words: assuming no true difference,
what is the prob. that our data is due to
chance?

15
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Formulating a Hypothesis

Null Hypothesis (Ho): Hm = f

(population)

Alternate Hypothesis (H,): Hm # L
(population)

A statistical hypothesis test assesses the
likelihood of the null hypothesis.

What is the probability of sampling the
observed data assuming population
means are equal?

This is called the p value

Testing Procedure

Compute a test statistic. This is a number that

in essence summarizes the difference.

18



Compute test statistic

Z= Um = L
\/sz /Nm + sz /NF

Hm - 1= 5.6

S/ NN

45 50 55 60 65 70 75 80 85 90

Testing Procedure

Compute a test statistic. This is a number that
in essence summarizes the difference.

The possible values of this statistic come from
a known probability distribution.

According to this distribution, look up the
probability of seeing a value meeting or
exceeding the test statistic. This is the p
value.

19



Lookup probability of test statistic

Normal Distribution

=0, o =1 . Z > +1.96
Z ~ N(o,1)

95% of Probability Mass
p>0.05

, P<0.05

-1.96

+1.Q

Statistical Significance

The threshold at which we consider it safe (or
reasonable?) to reject the null hypothesis

If p < 0.05, we typically say that the observed
effect or difference is statistically significant

This means that there is a less than 5% chance that
the observed data is due to chance

Note that the choice of 0.05 is a somewhat
arbitrary threshold (chosen by R. A. Fisher)

20



Graphical Inference

Buja, Cook, Hoffman, Wickham et al.

Choropleth maps of cancer deaths in Texas.

One plot shows a real data sets. The others are
simulated under the null hypothesis of spatial
independence.

Can you spot the real data? If so, you have some
evidence of spatial dependence in the data.
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90 135 1800 45 90 135 1800 45 90 135 1800 45 90 135 1800 45 90 135 180
Angle (degrees)

Distance vs. angle for 3 point shots by the LA Lakers

One plot is the real data. The others are generated according
to a null hypothesis of quadratic relationship.

Residual distance vs. angle for 3 point shots.

One plot is the real data. The others are generated
using an assumption of normally distributed residuals.
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Housing

Climate-Terrain

Tableau / Polaris
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Tableau

Research at Stanford: “Polaris” by Stolte, Tang & Hanrahan.
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Tableau demo
The dataset:

Federal Elections Commission Receipts

Every Congressional Candidate from 1996 to 2002
4 Election Cycles

9216 Candidacies

Data Set Schema

Year (Qi)

Candidate Code (N)

Candidate Name (N)

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




Hypotheses?

What might we learn from this data?

Hypotheses?

What might we learn from this data?

Has spending increased over time?
Do democrats or republicans spend more money?
Candidates from which state spend the most money?

Tableau Demo
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