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What is Exploratory Data Analysis?
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We will be exploring numbers. We need to handle them
easily and look at them effectively. Techniques for han-
dling and looking — whether graphical, arithmetic, or in-
termediate — will be important.

Tukey, Exploratory Data Analysis (1977)
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A first example: Heights of the highest points by state

## load required packages and data
library(tidyverse)
options(tibble.print_min = 15)
heights = read_csv("highest-points-by-state.csv")
## switch from feet to meters
heights$elevation = heights$elevation * .3048
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A first try at looking at the data
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heights

## # A tibble: 50 x 2
## elevation state
## <dbl> <chr>
## 1 733. Alabama
## 2 6168. Alaska
## 3 3851. Arizona
## 4 839. Arkansas
## 5 4418. California
## 6 4399. Colorado
## 7 725. Connecticut
## 8 137. Delaware
## 9 105. Florida
## 10 1458. Georgia
## 11 4205. Hawaii
## 12 3859. Idaho
## 13 376. Illinois
## 14 383. Indiana
## 15 509. Iowa
## # i 35 more rows
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A second try at looking at the data
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arrange(heights, elevation)

## # A tibble: 50 x 2
## elevation state
## <dbl> <chr>
## 1 105. Florida
## 2 137. Delaware
## 3 163. Louisiana
## 4 246. Mississippi
## 5 247. Rhode Island
## 6 376. Illinois
## 7 383. Indiana
## 8 472. Ohio
## 9 509. Iowa
## 10 540. Missouri
## 11 550. New Jersey
## 12 595. Wisconsin
## 13 603. Michigan
## 14 701. Minnesota
## 15 725. Connecticut
## # i 35 more rows
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arrange(heights, desc(elevation))

## # A tibble: 50 x 2
## elevation state
## <dbl> <chr>
## 1 6168. Alaska
## 2 4418. California
## 3 4399. Colorado
## 4 4392. Washington
## 5 4207. Wyoming
## 6 4205. Hawaii
## 7 4123. Utah
## 8 4011. New Mexico
## 9 4005. Nevada
## 10 3901. Montana
## 11 3859. Idaho
## 12 3851. Arizona
## 13 3426. Oregon
## 14 2667. Texas
## 15 2207. South Dakota
## # i 35 more rows
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Stem-and-leaf plots

Goals:

• Write down the set of numbers, keeping as much detail as
possible

• Pack the numbers efficiently, so you can see all of them at
once

These are in conflict!
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Stem-and-leaf plots

Remedy:

• Notice that parts of the numbers (the beginnings) are
repeated.

• The first digit of each number is printed at the beginning of
the line, the remainder at the ends.

• The first digit is the “stem”, the remainder are the “leaves”.
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Stem-and-leaf-plot example

Set of numbers:
16, 17, 17, 17, 17, 18

Stem-and-leaf display:
1 | 677778
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Stem-and-leaf plot for the elevations in meters:

stem(heights$elevation)

##
## The decimal point is 3 digit(s) to the right of the |
##
## 0 | 11222445555667778
## 1 | 0011123355566779
## 2 | 0027
## 3 | 4999
## 4 | 00122444
## 5 |
## 6 | 2
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The stem-and-leaf plot shows that there are three groups of states:

• Alaska
• The western and Rocky Mountain states (California,

Colorado, Washington, Wyoming, Hawaii, Utah, New Mexico,
Nevada, Montana, Idaho, Arizona, Oregon)

• All the other states
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Note 1
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Hoosier Hill: Elevation 1257 feet

Source: google street view
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Note 2
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Compare the stem-and-leaf plot with a density estimate
ggplot(heights, aes(x = elevation)) + geom_density()
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Compare the stem-and-leaf plot with a density estimate
ggplot(heights, aes(x = elevation)) + geom_density() + geom_rug()
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We have made an advance in understanding this set of numbers!

What would traditional statistics have to say about these numbers?
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What if we have a many more numbers, e.g. census data?

Source: US Census Bureau Public Information Office,
via the National Geographic Society
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https://www.nationalgeographic.org/media/us-census-1790/


Or a large matrix?

Source: Still from “The Matrix”
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Or graph data?

Source: KEGG PATHWAY Database
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https://www.genome.jp/kegg/pathway.html


What does Tukey say?
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Scratching down 
numbers 

(stem-and-Ieaf) 
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1A. Quantitative detective work 

1 

Exploratory data analysis is detective work--numerical detective work--
or counting detective work--or graphical detective work. 

A detective investigating a crime needs both tools and understanding. If he 
has no fingerprint powder, he will fail to find fingerprints on most surfaces. If 
he does not understand where the criminal is likely to have put his fingers, he 
will not look in the right places. Equally, the analyst of data needs both tools 
and understanding. It is the purpose of this book to provide some of each. 

Time will keep us from learning about many tools--we shall try to look at 
a few of the most general and powerful among the simple ones. We do not 
guarantee to introduce you to the "best" tools, particularly since we are not 
sure that there can be unique bests. 

Understanding has different limitations. As many detective stories have 
made clear, one needs quite different sorts of detailed understanding to detect 
criminals in London's slums, in a remote Welsh village, among Parisian 
aristocrats, in the cattle-raising west, or in the Australian outback. We do not 
expect a Scotland Yard officer to do well trailing cattle thieves, or a Texas 
ranger to be effective in the heart of Birmingham. Equally, very different 
detailed understandings are needed if we are to be highly effective in dealing 
with data concerning earthquakes, data concerning techniques of chemical 
manufacturing, data concerning the sizes and profits of firms in a service 
industry, data concerning human hearing, data concerning suicide rates, data 
concerning population growth, data concerning fossil dinosaurs, data concern-
ing the genetics of fruit flies, or data concerning the latest exploits in molecular 
biology. A full introduction to data analysis in anyone of these fields--or in 
any of many others--would take much more time than we have. 

The Scotland Yard detective, however, would be far from useless in the 
wild west or the outback. He has certain general understandings of conven-
tional detective work that will help him anywhere. 

In data analysis there are similar general understandings. We can hope to 
lead you to a few of them. We shall try. 

The processes of criminal justice are clearly divided between the search for 
the evidence--in Anglo-Saxon lands the responsibility of the police and other 

(1A) 18: practical arithmetic 3 

investigative forces--and the evaluation of the evidence's strength--a matter 
for juries and judges. In data analysis a similar distinction is helpful. Explora-
tory data analysis is detective in character. Confirmatory data analysis is judicial 
or quasi-judicial in character. Only exploratory data analysis will be our subject 
here. 

Unless the detective finds the clues, judge or jury has nothing to consider. 
Unless exploratory data analysis uncovers indications, usually quantitative 
ones, there is likely to be nothing for confirmatory data analysis to consider. 

Experiments and certain planned inquiries provide some exceptions and 
partial exceptions to this rule. They do this because one line of data analysis 
was planned as part of the experiment or inquiry. Even here, however, 
restricting one's self to the planned analysis--failing to accompany it with 
exploration--loses sight of the most interesting results too frequently to be 
comfortable. 

As all detective stories remind us, many of the circumstances surrounding 
a crime are accidental or misleading. Equally, many of the indications to be 
discerned in bodies of data are accidental or misleading. To accept all appear-
ances as conclusive would be destructively foolish, either in crime detection or 
in data analysis. To fail to collect all appearances because some--or even 
most--are only accidents would, however, be gross misfeasance deserving 
(and often receiving) appropriate punishment. 

Exploratory data analysis can never be the whole story, but nothing else 
can serve as the foundation stone--as the first step. 

We will be exploring numbers. We need to handle them easily and look at 
them effectively. Techniques for handling and looking--whether graphical, 
arithmetic, or intermediate--will be important. The simpler we can make 
these techniques, the better--so long as they work, and work well. When 
details make an important difference, they deserve--and will get--emphasis. 

review questions 

What is exploratory data analysis? How is it related to confirmatory data 
analysis? How is preplanned analysis related to exploratory data analysis? 
Should we look only at appearances we are sure are correct? 

1 B. Practical arithmetic 

A few arithmetic details deserve our attention before we go further. 

precision of arithmetic 

We shall feel free to be inconsistent about keeping extra decimal places or 
rounding off. We shall try to use reasonable care and good judgment in view of 

Tukey, Exploratory Data Analysis (1977) pp. 1-3
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Confirmatory analysis: Given one pre-planned hypothesis, infer
parameter values or test hypotheses, judicial in character, set a
high bar for what we are willing to believe about the data.

• Probability model for the data specified before analysis takes
place

• Given the probability model, test hypotheses or infer
parameter values
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Exploratory analysis: Collect everything that even seems to be true
about the data, detective in character, “magical thinking”.
Includes:

• Check distributional assumptions
• Check for outliers
• Decide on variable transformations
• Decide on the form of the model: what variables to include

BUT: Not limited to the work done before fitting a model! In the
highest points example, we had an EDA-based advance that wasn’t
related to model fitting at all.
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Tukey’s EDA also emphasizes tools and best practices for the
practice of data analysis, all pen-and-paper based.
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Example: Tallying

Standard method:

16 /1: Scratching down numbers (stem-and-Ieaf) 

When this is so, we see a triangular appearance for each "1" to "9"--as if the 
leaves had washed against the blank lines--an appearance which covers up 
most of whatever interesting things we might see. (We will learn how to deal 
with this before long.) 

It often makes things even simpler, however, to feel free to jump to longer 
leaves in the middle of a digit-length, as illustrated in exhibit 7, where one-digit 
leaves are used from -59 to +59, and two-digit leaves begin at -60 and +60. 
This enables us to use 16 lines where 31 (+ 11 to +0 and -0 to -18) would 
have been required if all starting parts had used the same number of *'s. 

Notice in this exhibit: 

<>the use of stem-and-Ieaf for both positive and negative values--and the 
consequent need for both a "+0" stem and a "-0" stem. 

review questions 

How many stems is it natural to use for one starting part? How do we 
choose? What can we gain? Do we need to be consistent in our starting parts 
within one display? What is at stake? What form of stem-and-Ieaf is intended 
for storage? What form for looking-at? How free can our choices be? How 
many "0" starting parts can there be? 

1F. How to count by tallying 

The basis of stem-and-Ieaf technique, entering an additional digit--or 
digits--to mark each value, works well for batches of limited size. Once we 
have much more than 20 leaves on a stem, however, we are likely to feel 
cramped--and our stems begin to be hard to count. We ought to be able to 
escape to some other way of handling such information, whenever the other 
way gives us enough detail. 

The fast methods involve one pencil (or pen) stroke per item. One method 
counts by fives in this style: 

I II III IIII 
This has been widely used. The writer finds it treacherous, especially when he 
tries to go fast. (It is too easy for him to do 

or 

for this approach to give satisfactory performance.) 
The recommended scheme uses first dots, then box lines, then crossed 

lines to make a final character for 10. Thus: 
4 
8 

10 

is 
is 
is 
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Pen-and-paper methods primarily of historical interest.

Philosophical descendants are the tidyverse packages in R.
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What about this class?

Two categories of topics:
what to do and how to do it.
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For what to do, organize by type of data:

• Univariate data
• Bivariate data
• Trivariate/Hypervariate data
• Categorical data
• Distance data
• Other topics according to interest

In addition:

• Dangers of EDA and how to avoid potential problems
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In the how to do it bin, we will learn to work with

• R
• ggplot2
• tidyverse packages
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How is this class different from others?

• Machine learning: We put less emphasis on supervised
learning.

• Data mining: More emphasis on visualization.
• Applied statistics: Less emphasis on 𝑝-values and inference,

more flexibility in the methods used.
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Texts:

• Cleveland, Visualizing Data
• Wickham, ggplot2: Elegant Graphics for Data Analysis
• Wickham and Grolemund, R for Data Science
• Other notes posted to the class website and canvas as

necessary
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Assessment:

• In-class exercises and presentations (30%).
• Mini project (30%).
• Final project (40%).
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How to succeed:

• Practice!
• Follow along with the code examples, actually type in the

commands instead of copying and pasting.
• Start early on projects.
• Presentation matters – make your documents look nice

enough that you would be happy to show them to potential
employers as examples of your work.
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For this week:

• Look for a dataset to use for the in-class exercises and the
final project (can be the same for both).

• If you haven’t installed R or RStudio yet, do it as soon as
possible.
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We will be exploring numbers. We need to handle them
easily and look at them effectively. Techniques for han-
dling and looking — whether graphical, arithmetic, or in-
termediate — will be important.

Tukey, Exploratory Data Analysis (1977)
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