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“Few of us escape being indoctrinated with these

notions:

(0) Numerical calculations are exact, but graphs
are rough;

(1) For any particular kind of statistical data there
IS just one set of calculations constituting a
correct statistical analysis;

(2) Performing intricate calculations is virtuous,
whereas actually looking at the data is
cheating.”

F. J. Anscombe
The American Statistician 27(1) Feb 1973



Anscombe's example of 4 datasets:
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Let's calculate some descriptive statistics for
dataset #1.

number of observations: 11

mean of x: 9.0

mean of y: 7.5

linear regression: y=3+ 0.5x
R?: 0.667
correlation coefficient: 0.82

sum of squares of x-avg(x). 110.0
regression sum of squares:. 27.5

residual sum of squares of y: 13.75
estimated std. error of slope: 0.118

For the other data sets we get the same results!!!
so they are all similar, right?
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Conclusion:

look at the data!

» Discover what the data has to say
John W. Tukey, Exploratory Data Analysis,
Addison-Wesley, 1977

* Display your conclusions in the most
convincing manner



Graphs that made history
or illuminate data

Michael Friendly's Gallery of data visulaization



William Playfair, The Commercial and Political
Atlas, 1786: invented most graphs used today
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Charles Minard, plot of Napoleon's failed
campaign in Russia, 1812
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John Snow, deaths in London Cholera epidemic,
1854
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Florence Nightingale, British casualties in
Crimean war, 1858

Cauwuses of Mortality in the Army in the East
April, 1854 to March 1855
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Etticiency and Hospital Administraticn ot the Britieh Army", 1858



NEW YORK CITY'S WEATHER FOR 1880
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Summary of a whole year's weather

» Lots of numbers (daily max/min + average max/
min + humidity)

» Use of parallel graphs for correlation

» Callouts to emphasize special points
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The harm of bad graphics

Tufte, Visual Explanations
using graphs by Morton Thiokol, Inc.



Background: launch of the Challenger space
shuttle on 27 January 1986, amid concerns
regarding O-ring function in cold weather
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Data regarding test rockets from the manufacturer

(chart prepared later; charts used in discussions
prior to the launch contained less data)

History of O-Ring Damage in Field Joints
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Data regarding prior launches

Note that legend is missing (appeared previously)
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Tufte's alternative rendering of the data

O-ring damage
index, each launch
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Examples



A graph should be independent and provide full
information

» Title (if relevant)

* Axis labels (including units)

* Tics indicating values

* Legend HIDE B link packets
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Need to also consider aesthetics

* Proportions
- Size and placement of labels and legend
- Size of fonts relative to graphical elements
* Use of color
- Express gradient with deeper shades
- Create focus for discussion
- Should also work in black and white
« Combination of graphical elements

- Give full picture
- Connections through consistent use of colors

* Order in legend matches order of graphs



Causal/functional relationship:
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Showing
measurements

 Emphasize
points

 Connect with
weaker lines
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Or show fitted
model line

here model is
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Scales
 Linear is best

» Logarithmic if
needed
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Scales

» Logarithmic if
needed
« Show values,

not their log, Iin
stubs
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Log scale

e Beware of
expansion in
small values
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Stubs
 Uniform scale
(Y axis)

e Match measured
values

b

Jo

(powers of 2)
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values

(maximal size)
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AXIsS break

useful for few
extreme values
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Histograms

e Simplest
display of
a
distribution

e Sensitive
to bin size
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CDF

 Robust
Alternative
to
histogram

thouzand jobs up to hour

thouzand jobs up to hour

[

20

100

g0

&l

40

20

120

Lo

o

i

40

20

18 sec

38 nin

T T T
g 12 1a 20

tinme of day

1
24

T T T
g 12 1a Z0

tine of day

1
24

thousand _jobs up to hour

thousand _jobs up to hour

120

100

a0

a0

40

20

120

10

g

60

40

20

1 nin

1 hour

T T T T
g 1z 186 20

tine of day

1
24

T T T T
d 1z 186 =20

tine of day

1
29

thousand _jobs up to hour

thousand _jobs up to hour

120

100

a0

a0

40

20

120

L

g

60

40

20

18 nin

T T T T T 1
a4 &5 12 16 20 24

tine of day

2.5 hours

T T T T T 1
o4 &5 12 16 20 24

tine of day



CDF

e Modes less
prominent

number of jobs

cumulative probability
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Box plot

« Summary of
a distribution

cumulative probability
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cumulative probability

Comparison
of
distributions

=sDs5C P2

sDsC P2

interarrival time

3AAR —
uzer 374
25880 —
n others
g b _
2 2080 — \Jl all _jobs
i ! ! l;r\
= 1EHH—L ‘ p! "‘.\
i
E 3 HIJ" !/ "\
18880 —
S O, ~
= ¥ 1 s
EHH._l**uwawrmr”;.Lﬁhﬁhﬁ“ﬁth_%ﬁ. k
b
Mﬁ
B — | | | ™
1= 18= in 18n 1hr 18hr
SDSC. 5P2
ﬂ# = 18hr —
E 1hr —
,_|
=
= 18n —
i
=
,_'
t 1n —
0
user 374 E L =
others E
= = all jobs 1 -
]
| | | | I I
18n 1hr 18hr user others all
374 Jobs



Comparison
of distribution
of results for
different
experimental
parameter
values
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Skewed distributions are common
note difference between mean and median

40
30

-
i

10

|16k, DM =
~--— 32k, DM

=
AT T TTT]
|

Bl weleTelele

B
S
Nen RN
st
JESSSNNEE
ISl
ENERIRRin
illlllll
|

i T |

I

|

|

Ny

I

JEES

_H I ]

L1 11

(&
o
e
i
L
&
_h:ll-\.
b"‘ﬂ
<1
a0
v
-'\-5}1
B
i,
~
s
¥
o
e
oo
[



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37

