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EXPLORATORY DATA ANALYSIS (EDA)

Advocates open-ended data exploration with few (1f any)
preconceived notions.

The father of EDA was John W. Tukey from Princeton
University/ Bell Laboratories.

— Tukey suggested data analysis as a search for clues that

will reveal answers to our problem when put together mm a
coherent picture

— much like a detecfive solving a crime. A good detective
has to have an open mind.

We hope to solve the mystery of our data by sorting out
errors, random noise, and unimportant aspects.




REFERENCE: Understanding Robust and Exploratory Data
Analysis, Hoaglin, Mosteller, and Tukey, 1983, John Wiley
& Sons, ISBN 0471097772.

Traditional data analysis utilizes the scientific method. This
method 1s usetul for solving scientific problems (on a larger
scale).

This method may not be useful for data analysis. Data

analysis requires:
exploration

no preconceived hypotheses (not to be confused with general
hypotheses about where the research is going)

few. if any. assumptions
each step 1s based on results from the preceding step

let the data speak for themselves
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z-score [z =(X-Mean)/ Stdev ]
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Histogram Histogram

[

Std. Dev =4.03
Mean = 6.4
N =10.00

Std. Dev = .19
Mean = 3.09
0 — N =10.00

255 265 2.75 2.85 295 3.05 3.15 325 3.35 3.45

Frequency
Frequency

before
5 25 45 65 85 105 125 145 16,5 185
15 35 55 75 95 115 135 155 175 195

Histogram
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Std. Dev = 3.86

Mean =5.2
N=10.00

Frequency
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Upper and lower bounds of
boxes are the 25" and 75
percentile (interquartile
range)

Whiskers are min and max
value unless there Is an
outlier

An outlier is beyond 1.5
times the interquartile range
(box length)
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Min Latd Lond UTMx UMy

13 43 50.64 7.145) 368.7729 5611.618
21 10, 50.006 741 386.0133 5340737
23 - 42 50.836 6.069) 293.5177| 56357
14 5 31 50341 5401 244 8636 5604918
15 58 mussing  nussing

29 5 0l 51172 5.821 277.6586 5673676
& 27 50992 6.614 332.4727] 5651.736
2 58 51.146 6.577 3304384 5668923
7 300 50931 6.626 3330968 5644934
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Omissions must be included as such. The best way 1s to
enter a description of how and/or why the data are missing.

Sometimes if data are suspected of being bad or you might
want to omut data for any reason, these data can be handled
as missing data and excluded from the analysis.

INFINITY (and 1ts negative) are valid data values but
cannot be used for all analyses. It may be useful for ranking
or ordering statistics, but some transformations will blow up
when they encounter infinity.




OUTLIERS, BLUNDERS, and ROGUES: Real data are
dirty and messy. As we discussed in statistics, errors come in
all kinds and sizes at every stage of data collection and
analysis. Even data with no errors can contain some
amazingly odd individuals (probability). These errors or
extraordinary values must usually be treated specially.
—OUTLIER; (Adusreisser) Any value that 1s far from the body of

data. Some outliers are very extreme. Others may be extreme only in
certain combinations of variables. A zood summary: Outliers are

non-missing variables that should have been missing but are not,
—BLUNDERS: (Fehler, Schnitzer) A special outlier occurring with
measurement or recording errors resulting in a value not related to

the real world. These values should be identified and corrected or
omitted from the data analysis.

—~ROGUES: (Schurke, Schilingel) A special outlier correctly
measured and recorded but unusual. These values should either be
treated as special or omitted.




» It 1s always better to analyze data in a way that

describes the main body ot data but deals with the

outliers specially than to blindly try to fit all the
data.

e But it 1s usually worthwhile to analyze a rogue
before discarding 1t — you may learn more about
your data and the process you are trying to

describe.




o Variables which contain numbers can be used
not only numerically but also as categories

where they are not used for their numeric value
but for their text in graphs such as bar charts,

tables and analysis of variance (values). In
many instances, a variable can be used both
categorically and numerically.




« AMOUNTS
cannot be negative
collections of things (e.g., amounts of money)
measurements (e.g., amounts of height)

durations (e.g.. amounts of fune)

« COUNTS: whole numbers that enumerate things

— radioactive decay

— heads or fails

— experiments where results are tallied
« COUNTED FRACTIONS

— Ratios with a fixed base.

— Example: there are 25 workers i this plant and 5 are women,
Therefore., 5/25 = 1/5 = 20% are women workers,

— Percents are the most common counted fractions.




SOME CONCEPTS

A group of values 1s a sample from a larger population.
EDA. however, does not normally need to make any
assumptions about the sample, except that it is
representative of the larger population.

MISSING DATA: Sometimes we cannot obtain a data value
for each case.

values can be lost

instruments fail

observations are not written down.

experiments fail




« NAMES: Names are categories taken i no particular
order.
— descriptive fossil classification (cross-species)
« RANKS: Integers reporting order (but not value).
— Mohs hardness scale (Talc-Diamond)
— Ranked fossil classification: animal-vertebrate-mammal-human
« GRADES: Categories with a natural order

— Schule: kindergarten. grundschule, gymnasium. hochschule

— limestone deposition in differing water depths




* BALANCES:
positive or negative
can be unbounded
most general form of data type
possibly the least common

often expressed as a difference, e.g., velocity northward and
velocity southward (called a vector = magnitude plus direction).

Very important for geophysics and natural sciences in general.
EXAMPLES:

seismic amplitudes

temperature (non Kelvin)

subsidence (negative subsidence is uplift)




Names
Grades

Ranks

44— Categorical

¢—> Ordered

Counts

I ? Integer

Counted Fractions

Amounts
Balances

Bounded

\ Continuous




(names and grades) are o
with pie charts and bar charts.
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