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SEEING THE
UNSEEN: HOW
JOHN TUKEY’S
EXPLORATORY
DATA ANALYSIS
CHANGED
STATISTICS
FOREVER

For  much of  the 20th
century,  statistics  was
a  discipline  obsessed
with  confirmation.
R e s e a r c h e r s
f o r m u l a t e d  a
hypothesis,  designed
a n  e x p e r i m e n t ,
collected data, and ran
a  test  to  see  if  their

theory held up. If the p-
value was low enough,
the  hypothesis  was
confirmed. If not, it was
d i s c a r d e d .  T h i s
process,  known  as
Confirmatory  Data
Analys is  (CDA),  is
rigorous,  but  it  has  a
blind spot:  it  assumes
you already know what
you  are  looking  for.
Then along came John
Tukey  Exploratory
Data  Analysis ,  a
r e v o l u t i o n a r y
philosophy  that  flipped
the  ent i re  sc r ip t .
Instead  of  asking,
“How  do  I  prove  my
hypothesis?”  Tukey
asked  a  much  more
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profound  question:
“What  is  th is  data
trying  to  tel l  me?”
Published  in  1977,
Tukey’s  seminal  work,
Exp lo ra to ry  Data
Analysis,  did  not  just
introduce  a  few  new
charts; it  introduced a
new way of thinking. It
was a call to arms for
s ta t i s t i c i ans  and
sc ient i s ts  to  s top
treating  data  like  a
passive  object  to  be
j u d g e d  a n d  s t a r t
t r e a t i n g  i t  l i k e  a
l a n d s c a p e  t o  b e
explored.  In  a  world
drowning in data—long
before  the  advent  of
b i g  d a t a — T u k e y
provided  the  compass
and  the  map.  Th is
article  delves  into  the
life of John Tukey, the
core  principles  of  his
g r o u n d b r e a k i n g
methodology,  the
specific  tools  he
created,  and  why  his
approach  i s  more

critical today than ever
before.

THE MAN BEHIND
THE METHOD:
WHO WAS JOHN
TUKEY?

To  understand  the
methodology,  one
must  first  understand
the mind that  created
it.  John  Wilder  Tukey
(1915–2000)  was  a
Princeton  University
professor  and  a  high-
level  advisor  to  Bell
Laboratories.  He  was
not  just  a  statistician;
he was a polymath who
made  contributions  to
topology,  chemistry,
and computer science.
It  was  Tukey  who,  in
1958, coined the terms
“bit”  and  “software,”
fundamentally  shaping
the digital age.
This  interdisciplinary
background  is  crucial.
Tukey  d id  not  see
statistics  as  a  dry,
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mathematical  island.
He saw it as a practical
tool  for  making  sense
of  the  real  world.  He
believed  that  data
a n a l y s i s  w a s  a n
empirical  science,
not  just  a  theoretical
one.  This  pragmatic,
hands-on philosophy is
t h e  b e d r o c k  o f
Exp lo ra to ry  Data
Analysis.  He  famously
a r g u e d  t h a t
statisticians  should  be
comfor tab le  w i th
“ r o u g h l y  r i g h t ”
a n s w e r s  o v e r
“precisely  wrong”
ones. In other words, it
is better to understand
the general shape and
trend of your data than
to  calculate  a  perfect
number that applies to
a flawed model.

WHAT IS
EXPLORATORY
DATA ANALYSIS
(EDA)?

A t  i t s  c o r e ,  J ohn

Tukey  Exploratory
Data  Analysis  is  a
detective’s toolkit. It is
a n  a p p r o a c h  t o
analyzing data sets to
summarize  their  main
characteristics,  often
using  visual  methods.
Unlike  Confirmatory
Data Analysis, which is
u s e d  t o  t e s t
hypotheses,  EDA  is
used to generate them.
It  is  about  letting  the
data  speak  for  itself
without the constraints
o f  a  p re -ex i s t i ng
theory.
Tukey  drew  a  sharp
distinction between the
two. He described CDA
as  being  like  a  court
t r i a l :  y o u  h a v e  a
h y p o t h e s i s  ( t h e
defendant),  and  you
gather evidence (data)
to  confirm  or  reject  it.
EDA,  on  the  other
h a n d ,  i s  l i k e  a
d e t e c t i v e ’ s
investigation. You walk
into  a  room  fu l l  o f
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clues. You do not know
what  happened  yet.
You  look  for  patterns,
a n o m a l i e s ,  a n d
connections.  You  ask
questions: “Why is this
point  isolated?”  “Why
is this group clustering
here?”  “Is  this  trend
real or an artifact?”

The Core
Philosoph
y:
Graphics
First,
Numbers
Second
Tukey’s  most  radical
d e p a r t u r e  f r o m
traditional  statistics
was  his  emphasis  on
visualization.  In  the

1970s,  statistical  rigor
was  almost  entirely
defined  by  numerical
computation.  Tukey
argued that the human
e y e  i s  t h e  m o s t
sophisticated  pattern-
recognition  machine
e v e r  c r e a t e d .
Therefore,  the  first
step  in  any  analysis
should be to plot the
data. He believed that
summary  statistics
( m e a n ,  s t a n d a r d
deviation)  could  be
misleading,  especially
with  real-world  data
that contained outliers
or  mult ip le  modes
(peaks).
This  philosophy  gave
r i s e  t o  s e v e r a l
graphical tools that are
n o w  c o n s i d e r e d
s t a n d a r d  i n  d a t a
science  and  statistics.
These  t oo l s  we re
designed to be simple,
robust, and resistant to
outliers.
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KEY TOOLS OF
TUKEY’S EDA

John Tukey did not just
talk  about  exploring
data; he gave analysts
the specific  tools  to  do
it.  These  techniques
are  designed  to  be
easy  to  compute  by
hand  (a  necessity  in
1977)  but  incredibly
powerful  for  revealing
structure.

The
Stem-
and-Leaf
Plot
This  is  perhaps  the
simplest  and  most
elegant  invention  of
J o h n  T u k e y
Exploratory  Data
Analysis. A stem-and-
leaf plot is essentially a
h is togram  turned

sideways,  but  with  a
massive  advantage:  it
retains  the  original
data values. To create
one,  you  split  each
number into  a  “stem”
(the leading digit) and
a  “leaf”  (the  trailing
digit). For example, the
numbers  32,  33,  and
41 would be plotted as:

3 | 2, 3
4 | 1

Instantly,  you can see
t h e  s h a p e  o f  t h e
distribution,  identify
clusters,  and  spot
outliers—all  while  still
being able to read the
raw  data  points.  I t
b r i d g e s  t h e  g a p
between  a  pure ly
numeric  l is t  and  a
purely graphical chart.

The Box
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Plot (Box-
and-
Whiskers

Plot)
Perhaps  Tukey’s  most
famous  legacy  is  the
box  plot.  Designed  to
show the distribution of
data  based  on  a  five-
number  summary
(minimum,  first
quartile,  median,  third
quartile,  maximum),
the  box  plot  is  the
u l t i m a t e  t o o l  f o r
comparing  multiple
groups.  The  “box”
r e p r e s e n t s  t h e
interquartile  range
( I Q R ) ,  w h e r e  t h e
middle 50% of the data
lives.  The  “whiskers”
extend  to  the  most
extreme  points  that
are  not  considered
outl iers.  Any  point

beyond the whiskers is
plotted  individually  as
a potential outlier.
This  simple  graphic
instantly  tells  you  a
s to ry :  I s  the  data
skewed?  Are  there
o u t l i e r s ?  H o w  d o
different  categories
c o m p a r e ?  I t  i s  a
cornerstone of modern
data visualization, used
in  everything  from
stock  market  analysis
to medical trials.

Scatterpl
ots and
Smoothin
g
Tukey  was  a  strong
a d v o c a t e  f o r  t h e
scatterplot.  While  not
h i s  i nven t i on ,  he
revolutionized how we
l o o k  a t  t h e m .  H e
introduced the idea of
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“smoothing”  data.
Instead of trying to fit a
complex  regression
line to every data point
(which  often  overfits),
Tukey suggested using
robust  smooth ing
techniques.  These
techniques  (like  the
median trace or lowess
smoothing)  follow  the
“middle”  of  the  data,
i g n o r i n g  w i l d
fluctuations  caused  by
outliers.  This  allows
analysts  to  see  the
under l y ing  t rend
without being fooled by
noise.

Median
Polish
and
Resistant

Techniqu
es
Traditional  statistics
relies  heavily  on  the
mean (average). Tukey
pointed  out  that  the
m e a n  i s  “ n o n -
r e s i s t a n t ” — o n e
massive  outlier  can
completely  distort  it.
For  example,  if  you
have five houses worth
$100,000 each and one
worth  $1,000,000,  the
mean  suggests  an
average  pr i ce  fa r
higher  than  reality.
Tukey championed the
use  of  the  median,
which  is  resistant  to
out l i e r s .  Median
Polish  is  a  specific
t e c h n i q u e  h e
d e v e l o p e d  f o r
analyzing  two-way
tables (like an ANOVA
t a b l e )  b u t  u s i n g
medians  instead  of
means to get a robust
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fit  of  row  and  column
effects.

EDA VS. CDA: THE
CRITICAL
DISTINCTION

O n e  o f  t h e  m o s t
important contributions
o f  J o h n  T u k e y
Exploratory  Data
Analysis was the clear
separat ion  o f  the
analytical workflow into
t w o  p h a s e s :
e x p l o r a t i o n  a n d
confirmation.  A
common  mistake  in
modern  science  is  to
use the same data to
b o t h  g e n e r a t e  a
hypothesis and test it.
T h i s  l e a d s  t o  “ p -
hacking”  and  false
discoveries.
Tukey’s  framework
solves  this  ethically
and  methodologically:

Phase 1: EDA1.
(Exploration).
You look at the
data with an

open mind. You
run scatterplots,
box plots, and
histograms. You
notice a pattern:
“It looks like
Drug A works
better for older
patients.” You
write this down
as a hypothesis.
Phase 2: CDA2.
(Confirmation).
You design a new
experiment or
collect a new set
of data. You test
the specific
hypothesis
generated in
Phase 1. You
report the p-
value and
confidence
intervals.

By  separating  these
phases,  you avoid the
trap  of  “torturing  the
data until it confesses.”
E D A  i s  t h e
brainstorming  session;
CDA is the peer review.
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THE MODERN
RELEVANCE OF
JOHN TUKEY’S
WORK

I f  E D A  w a s
revolutionary  in  1977,
i t  i s  a b s o l u t e l y
essential  in  the  21st
century.  The  term
“Data Science” did not
e x i s t  i n  T u k e y ’ s
lifetime,  but  his  work
laid  its  foundation.
Every  modern  data
scientist  uses  Tukey’s
tools,  often  without
realizing  their  origin.

Big Data
and
Machine
Learning
In the age of Big Data,
t h e  “ G a r b a g e  I n ,
Garbage Out” principle
is  paramount.  You

cannot feed a massive
n e u r a l  n e t w o r k
terabytes  o f  data
without  first
understanding  that
d a t a .  E D A  i s  t h e
mandatory  first  step  in
any  machine  learning
p i p e l i n e .  B e f o r e
building a model, data
scientists  use  EDA  to
find  missing  values,
spot  outliers  that  will
break the model, check
for  multicollinearity,
and  understand  the
distribution of features.
A  data  scientist  who
skips  EDA  is  flying
blind.

Data
Visualizat
ion
Culture
The modern culture of
d a t a
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v isua l i zat ion—from
interactive  dashboards
in  Tableau  to  default
plots in Matplotlib and
ggplot2—is  a  direct
descendant of  Tukey’s
work. The “Grammar of
Graph ics , ”  wh ich
u n d e r l i e s  m a n y
m o d e r n  p l o t t i n g
l i b r a r i e s ,  i s  a n
extension  of  Tukey’s
p h i l o s o p h y :  t h a t
g r a p h i c s  a r e  a
language for revealing
d a t a  s t r u c t u r e .
Concepts like the violin
plot (a combination of
a  b o x  p l o t  a n d  a
density plot) are direct
evolutions  of  Tukey’s
EDA  toolkit.

Teaching
Statistics
F o r  d e c a d e s ,
introductory  statistics
classes  began  with
probability  theory  and
m a t h e m a t i c a l

formulas.  Inspired  by
Tukey,  many  modern
curriculums  now  start
with data. Students are
given a messy dataset
and asked to explore it
visually  before  ever
computing  a  standard
d e v i a t i o n .  T h i s
pedagogical  shift  has
made  statistics  more
accessible,  intuitive,
and fun. It emphasizes
scientific  curiosity
over  rote  calculation.

PRACTICAL TIPS
FOR CONDUCTING
YOUR OWN EDA

Inspired by John Tukey,
you can apply EDA to
y o u r  o w n  w o r k
immediately. Here is a
simple  workflow  based
on  his  principles:

Step 1: Resist
the Urge to
Test. Do not
start with a
hypothesis. Start
with the raw data
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file.
Step 2:
Examine the
Extremes. Look
for the
maximum,
minimum, and
unusual values.
Are they errors?
Or are they
interesting
signals?
Step 3: Plot
Everything.
Create
scatterplots for
every pair of
variables. Look
at histograms for
every single
variable. The
goal is to see the
shape (skew,
kurtosis, multi-
modality).
Step 4: Look
for Gaps and
Clusters. Data
often wants to
group itself. Do
you see two
distinct peaks in

a histogram?
This might
indicate two
different
populations in
your sample.
Step 5:
Summarize
with Resistant
Statistics.
Report the
median and the
interquartile
range, not just
the mean. These
give a truer
picture of the
“typical” case.

Remember  Tukey’s
motto:  “The  greatest
value  of  a  picture  is
when  it  forces  us  to
notice  what  we  never
expected to see.”

CRITICISMS AND
LIMITATIONS

While  John  Tukey
Exploratory  Data
A n a l y s i s  i s  a
cornerstone of modern



12

12 John Tukey Exploratory Data
Analysis

2023-12-07

statist ics,  i t  is  not
without  limitations.
Critics argue that EDA
is  too  subjective.  One
analyst’s  “interesting
pattern”  is  another’s
“ r a n d o m  n o i s e . ”
Because  EDA  lacks
formal  hypothesis
testing, it is susceptible
to  confirmation  bias  if
n o t  f o l l o w e d  b y
r i g o r o u s  C D A .
Furthermore,  with
e x t r e m e l y  h i g h -
d imens iona l  data
( t h o u s a n d s  o f
columns),  plott ing
“ e v e r y t h i n g ”  i s
computationally  and
visually  impossible.
Modern techniques like
d i m e n s i o n a l i t y

reduction (PCA,  t-SNE)
are  often  needed  to
adapt  EDA  to  these
c o m p l e x  s p a c e s .
However,  these  are
extensions  of  Tukey’s
spirit, not refutations of
it.
CONCLUSION: THE
LEGACY OF A
DETECTIVE

John Tukey did not just
give us tools; he gave
u s  a  m i n d s e t .  H e
taught  us  that  data
a n a l y s i s  i s  n o t  a
passive  process  of
applying formulas,  but
an  active,  iterative
conversation  with  the
world.  John  Tukey
Explor


