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STATISTICS 

•  Statistics is the study of the collection, 
analysis, interpretation, presentation and 
organization of data. 
 
Dodge, Y. (2006) The Oxford Dictionary of Statistical Terms, OUP.  

 



STATISTICS 

•  1750s German “Statistik” 
“analysis of data about the state” 

•  Quickly adopted in England 
(previously called “political arithmetics”) 
 



STATISTICS 

•  John Graunt, 1662 
Observations on the 
bills of mortality 





There’s a higher-res image here 
http://a7.typepad.com/6a01901d7a04f8970b01a3fcd8a61f970b-pi 
 



STATISTICS 

•  John Graunt, 1662 
Observations on the bills of mortality 
–  First “life tables” 
–  Dispelled several myths about the plague 
–  First analysis of sex ratio 
–  First realistic estimate of the population in London 



STATISTICS 
•  Prompted collection of more data 
•  Parallel developments in probability theory 
•  Statistics then developed into a more 

rigorous discipline and was applied to: 
–  Business & industry 
–  Medicine 
–  Science 
–  ... 



WHAT ARE STATS? 

•  Statistics is the study of the collection, 
analysis, interpretation, presentation and 
organization of data 
 
Dodge, Y. (2006) The Oxford Dictionary of Statistical Terms, OUP.  

 

in numerical form. 



STATS & VISUALIZATION 

•  Statistical Charts 
– William Playfair (1759 – 1823)  
 
 



STATS & VISUALIZATION 

•  Exploratory Data Analysis 
– Tukey, 1977 
 
 







STATS & VISUALIZATION 

•  Statistical Graphics 



STATS & VISUALIZATION 

•  Statistical Graphics 
Gelman and Unwin (2012) Infovis and Statistical 
Graphics: Different Goals, Different Looks 
 













German bombings in London during WWII 



German bombings in London during WWII 



STATS & VISUALIZATION 

•  Confirmatory Analysis 
– Testing hypotheses 
– Example: is this new drug effective? 
– Strong focus on automatic procedures, 

computation and objectivity 
– Looking at data can impair objectivity: 

•  Data dredging, snooping, fishing, mining 



STATS & VISUALIZATION 
Exploratory data analysis is sometimes compared 
to detective work: it is the process of gathering 
evidence. 
 
Confirmatory data analysis is comparable to a 
court trial: it is the process of evaluating evidence. 
 
Exploratory analysis and confirmatory analysis “can
—and should—proceed side by side” (Tukey; 1977). 

Quoted from the SAS Institute 
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STATS & VISUALIZATION 
[...] the type of "atheoretical" search for patterns that we are 
sometimes warned against in graduate school can save us 
from the humiliation of having to retract conclusions 
we might ultimately make on the basis of contaminated 
data. 
 
We are warned against f ishing expedit ions for 
understandable reasons, but blind application of models 
without screening our data is a far graver error. 
 

(Wilkinson, 1999)  
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STATS & VISUALIZATION 

Example from Jenny Weaver 
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STATS & VISUALIZATION 

From agrippastake.blogspot.dk 
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STATS & VISUALIZATION 
•  In Teaching 

 



WHAT ARE STATS? 
•  A set of tools and methods 

 

•  Old tradition: 
– Draws from mathematics & probability theory 
– A (generally) strong focus on (computationally cheap) 

numerical calculations 

•  Good for: 
– Summarizing data for presentation 
– Rigorously testing hypotheses 
– Making predictions 
– Helping make rational decisions 



STATISTICAL TOOLS 

DESCRIPTIVE STATISTICS   



AN EXAMPLE 
•  Selling encyclopedias 
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CENTRAL TENDENCY 



From Shreya Sethi 

CENTRAL TENDENCY 
positive skew negative skew symmetric 
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From Shreya Sethi 
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CENTRAL TENDENCY 



DISPERSION 

Image from Wikipedia 

Standard Deviation 
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DEPENDENCE 
•  Correlation 

Image from Wikipedia 



DEPENDENCE 
•  Correlation 

Seller 1 
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r 2

 

r = -0.08 
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LOOKING INTO THE FUTURE 



September 2014 
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September 2014 



September 2014 

How much can we trust this chart? 



STATISTICAL TOOLS 

INFERENTIAL STATISTICS 



SAMPLING ERROR 



SAMPLING ERROR 

•  Terminology: 
 

– Population vs. sample 
– Sample statistic (mean, median, etc.) 
– Population parameter (mean, median, etc.) 
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SAMPLING ERROR 
•  Sampling distribution of a statistic 

–  Demo 

 



SAMPLING ERROR 
•  Bootstrapping 
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SAMPLING ERROR 
•  Bootstrapping 

video 

 



SAMPLING ERROR 
•  Bootstrapping correlations 

 

r = 0.78 
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SAMPLING ERROR 
•  Bootstrapping correlations 
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SAMPLING ERROR 

•  How did people do before computers? 

 



MORE HISTORY 
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MORE HISTORY 



NORMAL DISTRIBUTION 



NORMAL DISTRIBUTION 
•  Sir Francis Galton 

1822 – 1911 
 
Bean Machine 
or Galton Board: 



NORMAL DISTRIBUTION 

Central Limit Theorem 
 

Given certain conditions, the arithmetic mean of a 
sufficiently large number of iterates of independent 
random variables, each with a well-defined 
expected value and well-defined variance, will be 
approximately normally distributed 



NORMAL DISTRIBUTION 
“Exact” Confidence Intervals 

t ~ 1.96 for large samples 



SAMPLING ERROR 
•  Terminology: 

– Point estimate = sample statistic = best 
guess 

–  Interval estimate = other good guesses 
 



CONFIDENCE INTERVALS 



•  Several interpretations 
•  « a range of plausible values for µ. Values 

outside the CI are relatively implausible. » 
(Cumming and Finch, 2005) 

•  Examples of presentation formats: 
2.2m, 95% CI [1.6m, 2.8m] 
2.2m +/- 0.6m 
from 1.6m to 2.8m 

 0	   1	   2	   3	  

CONFIDENCE INTERVALS 



CONFIDENCE INTERVALS 
•  « a range of plausible values for µ. Values 

outside the CI are relatively implausible. » 
(Cumming and Finch, 2005) 
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CONFIDENCE INTERVALS 
•  « a range of plausible values for µ. Values 

outside the CI are relatively implausible. » 
(Cumming and Finch, 2005) 
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•  « a range of plausible values for µ. Values 
outside the CI are relatively implausible. » 
(Cumming and Finch, 2005) 

 

-‐2	   -‐1	   0	   1	   2	   3	  

A	  -‐	  C	  
A	  -‐	  D	  

diff.	  in	  weight	  loss	  

A	  -‐	  B	  

CONFIDENCE INTERVALS 



•  “values close to our M 
are the best bet for µ, 
and values closer to the 
limits of our CI are 
successively less good 
bets.” 
 
(Cumming, 2013) 

 

CONFIDENCE INTERVALS 



•  « a range of plausible values for µ. Values 
outside the CI are relatively implausible. » 
(Cumming and Finch, 2005) 
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•  « a range of plausible values for µ. Values 
outside the CI are relatively implausible. » 
(Cumming and Finch, 2005) 
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CONFIDENCE INTERVALS 



Error	  bars	  are	  95%	  CIs	  

WHICH PILL IS BEST? 
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STATISTICAL SIGNIFICANCE 
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Make sure you check the dance of p-values  on 
youtube 



STATISTICAL SIGNIFICANCE 



“	  [NHST]	  is	  based	  upon	  a	  
fundamental	  misunderstanding	  of	  the	  
nature	  of	  ra:onal	  inference,	  and	  is	  
seldom	  if	  ever	  appropriate	  to	  the	  
aims	  of	  scien:fic	  research.	  ”	  
	  
	  	  	  Rozeboom	  (1960)	  
	  	  	  	   For more www.aviz.fr/parallel 

STATISTICAL SIGNIFICANCE 
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“ It seems clear that no confidence 
interval should be interpreted as a 
a significance test.” 
 
(Schmidt and Hunter, 1997) 

 

STATISTICAL SIGNIFICANCE 



“It is best for individual researchers to 
present point estimates and confidence 
intervals and refrain from attempting 
to draw final conclusions about 
research hypotheses .” 
 

(Schmidt and Hunter, 1997) 

 

STATISTICAL SIGNIFICANCE 



•  As error bars 
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•  As error bars 
– Better way: 
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•  As error bars 
– Slightly nicer: 
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HOW TO GRAPH CIS? 



•  As error bars 
– With bar charts: 

0	   1	   2	   3	   4	   5	  

A	  
B	  

Qme	  (s)	  

HOW TO GRAPH CIS? 



•  As error bars 
– Dynamite plots: 

0	   1	   2	   3	   4	   5	  
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HOW TO GRAPH CIS? 



•  As error bars 
– Perhaps a better approach: 

0	   1	   2	   3	   4	   5	  

A	  
B	  

Qme	  (s)	  

HOW TO GRAPH CIS? 



•  As error bars 
– With line charts: 

0	   1	   2	   3	   4	   5	  

A	  
B	  

Qme	  (s)	  

HOW TO GRAPH CIS? 



BACK TO OUR EXAMPLE 
•  Selling encyclopedias 








