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There are three kinds of lies: 

 

• Lies 

 

• Damned lies 

 

• Statistics 

 

 

 



Definitions 

Statistics 

• The study of the collection, 
organization, analysis, 
interpretation, and 
presentation of data. 

Probability or P value 

• A measure or estimation of  
the likelihood of something 
happening or that a 
statement is true. 

• Probabilities are given a 
value between 0 (will not 
happen) and 1 (will 
happen).  



Organization of data 

• Tabular 

• The bar graph 

• The broken-line graph 

• The curve-line graph 

• Pie diagram 

• Histogram 



Collection of data 

• Must be representative of population 

• Randomized assignment of treatment to 
subjects 

• Blocking to reduce influence of confounding 
variables 

• Experimental biases 



Misuse of Statistics 

• Obvious Abuses— 

 

• Improper diagrams 

• Sampling bias 

• Not presenting estimate of associate error 



From Daniel Kahneman--Another kind 
of sampling bias:  

• Clever wording of survey questions to trigger 
cognitive biases— 

 

• (1) How much greater or less than 8% do you 
think the unemployment rate is? 

• (2) What do you think the unemployment rate 
is? 



Analysis of data 

• Arithmetic mean 

• Median 

• Mode 

• Range 

• Variance and standard deviation 

• Normal distribution 

• Confidence limits 



A statistician drowned crossing a river 
that was only 3 feet deep on average 

• Probability and error 

• Significant figures and uncertainty 

• Inaccuracies associated with predictions 

•      meteorological 

•      economics 



Accuracy in Statistics 

• Every statistical result has an associated error 

• When making decisions on the basis of 
statistical results, it is important to know the 
magnitude of statistical errors 
 

• Two examples 

– Weather and flood predictions 

– Economic predictions and governmental action 



Red River Flood of 1997 

• Affected southern Canada and the Dakotas, 
especially Grand Forks. Worst flood in that 
area since 1826 -- billions in damage. 



Statistical Prediction 

• The National Weather Service predicted that the Red River would 
crest at 49’ in Grand Forks during spring flood season of 1997 

– Prediction was made two months before actual flood  

– This was the highest level reached during 1979 flood 

• Citizens of Grand Forks worked to get levees ready to handle the 
Red River flood stage of 49’ 

• On April 16, 1997, NWS revised its prediction—just as the water 
level reached 49’ 

• Red River eventually crested at 54’ 

• Largest US evacuation (50,000) since Civil War (Atlanta). 



Record of NWS predictions 

• Previous predictions had been quite inaccurate (35% probability of 
5 foot error) 

 



NWS now provides estimates of 
statistical error 

• Although New Orleans is the target, people from Florida to Texas 
are put on alert as Tropical Storm Gustav (Aug, 2008) enters the 
Gulf of Mexico 

 



A war is now being fought over how world economies 
should be managed 

• The protagonists are 

– Deficit spending will reignite economic growth 
• Neo-Keynesians, Bernanke and Fed Doves, New York Times/Krugman, 

France, the Left 

– Monetary restraint, saving, balanced budgets will stabilize 
economies and result in economic growth 
• Monetarists, Greenspan and Fed Hawks, Wall Street Journal/Chicago 

economists, Germany, the Right 
 

– The ammunition used in their battles is STATISTICS 

– Both sides are highly adept at truth and lies 
 

 



How accurate are the statistical predictions of 
economists? 

Biggest economic event of recent times is the Great Recession of 
2008-2009. How well did the economists do at predicting it? 

 
 

4 2 0 2 4 6 8
GDP

Forecast of 2008 GDP

Survey of Professional Forecasters Nov 2007

Actual 2008 GDP 3.3

Forecast 2008 GDP 2.4



This is terrible performance 

• Not one of the economists got it right 
• This estimate was highly inaccurate and 

extraordinary remedial actions have been 
required 

• Economists are even bad at estimating how 
wrong they might be See Chapter 6 – How to Drown in Three Feet of 
Water – of Nate Silver’s “The Signal and The Noise” for more detail.  
 

PS – These are the same economists that are currently holding interest rates at zero and 
coming up with one QE after another 

 
 

 



Interesting Statistical Battle Now Being Fought in the 
News Over a Very Influential Book 

 

 

 

 

 

 

 

 

 

 

 

PS: Kenneth Rogoff is only economist who is also a Grandmaster in Chess. 

 
 

 



The issues 

• Reinhart and Rogoff predicted that the growth of economies decline when 
debt reaches about 90% of GDP. 

• US is approaching this level of debt 

• Thomas Herndon, a graduate student at the University of Massachusetts, 
Amherst has found flaws in the research of Reinhart and Rogoff 

• The details are arcane, the stakes are high, the personalities are vicious 
 
http://www.bloomberg.com/news/2013-04-28/refereeing-the-reinhart-rogoff-debate.html 
http://www.bloomberg.com/news/2013-05-01/six-ways-to-separate-lies-from-statistics.html 
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Interpretation of data 

• Assessment of probability— 

 

• Student’s t test (1908) 

• Fisher and statistical significance (1925) 

• Neyman-Pearson theory (NPT) (1928,1933) 

• Bayesian approach (18th century) 



Fisher as frequentist 

• Null hypothesis (no difference in fertilizers) 
• Probability as sought 
• Statistically significant if P<.05 
• If P<.05: 
•      (1) real effect or difference 
•      (2) result a fluke 
• If P>.05: 
•      (1) no effect or difference 
•      (2) small real effect but test lacks power  



Problems with “statistical significance” 

• P value of .05 means that there is only a 5% 
chance of obtaining the observed result if no 
real effect exists, not that there is 95% 
certainty that the observed difference is real.  

• A study with a very large sample size can 
detect statistical significance for a small effect 
that is meaningless in practical terms. 

• Statistical significance often mistaken for 
practical importance.  



Neyman-Pearson as frequentist 

• Competing hypotheses 

• Probability as set 

• Probability of two kinds of error: 

•  Error I—false rejection=false positive=alpha 

•  Error II-false acceptance=false negative=beta 

• For any fixed alpha value, the best test has the 
smallest beta.  Alpha and beta vary inversely. 

• To decrease both alpha and beta simultaneously, 
must increase sample size (power). 

 



Miscellany 

• Definition of frequentist: Statistical inference  
by which conclusions are drawn from sample 
data through emphasis on frequency or 
proportion of data—the well-established 
methodologies of hypothesis testing. 

• Meta-analysis (a study of studies) problems: 

•    unpublished studies not included 

•    serious lack of “common denominators” 

•    Avandia and heart attack risk 



Bayes watch 

• Math similar to frequentist 

• Requires prior knowledge=informed guesses 

• Includes false positives and negatives 

• Very useful in predicting medical outcomes 

•    Example:  Woman in her forties receives a 
“positive” mammogram.  What is probability 
she actually has breast cancer? 



Breast cancer probability solution 

• Prior probabilities-- 

• Fraction of women in 40s with breast cancer is 
0.014 

• Thus fraction who do not is 1-0.014=0.986 

• Conditional probabilities— 

• Woman who has breast cancer will get positive 
mammogram is 0.75 

• Woman who does not have breast cancer will get 
false positive on mammogram is 0.1   



Applying Bayes’s theorem to problem   

 

 

• (0.014 x 0.75) / {(0.014 x 0.75)+(0.986 x 0.1)} = 

 

•    0.1          i.e., 90% chance it’s a false positive 



Thomas Sowell--In defense of police 
interrogation—Racial profiling 

• Stipulations and conclusion: 

 

• Blacks are 11% of the American population 

• >50% of those fined in the NBA are black 

• Therefore the NBA is racist 

 

• What’s wrong with this conclusion?  

 



Regression and Correlation 

• Hierarchical modeling—Nate Silver and 
predicting all 50 states in the 2012 
presidential election. 

• Correlation and causation 

•      Lurking or confounding variable(s) 

• Factor or factorial analyis  



Pre-existing trends—What is the 
baseline? 

• Thomas Sowell—Following Civil Rights Act of 
1964: 

• % blacks in professional and other high-level 
occupations rose substantially in next decade.  

• What about two decades preceding? 

•      black family income 

•      college education 

•      professional and other high-level occupations 

 

 



Pre-existing trends—What is the 
baseline? 

• Freakonomics and others— 

• Dramatic decline in crime in NYC in 1990s was 
in large measure due to innovative police 
strategies under Giuliani and Bratton. 

• The drop in crime in NYC began in 1990. 

 

• But, Giuliani did not become mayor and install 
Bratton as PC until early 1994!     



Freakonomics (2005) by Steven 
D. Levitt and Stephen J. Dubner 

Chapter 4: Where Have All The 
Criminals Gone?  



Factors Effecting Dramatic Reduction 
in U.S. Crime in 1990s 

• Innovative policing strategies 

• Increased reliance on prisons 

• Changes in crack/drug markets 

• Aging of the population 

• Tougher gun control laws 

• Strong economy 

• Increased number of police 

• Increased use of capital punishment, etc. 

 

• X 

• 33% 

• 15% 

• X 

• X 

• X 

• 10% 

• X 



What other factor(s)? 

Hint:  From gang member while referring to 
his parents in Gee, Officer Krupke— 

 

“They didn’t wanna have me, but somehow I 
was had.  Leapin’ Lizards!  That’s why I’m 
so bad!” 

 



Roe vs. Wade in 1973 

• Further correlation corroboration— 

• Earlier crime decline in five states legalizing 
abortion >2 years before RvW (NY,CA,WA,AS,HI). 

• States with highest abortion rates in ‘70s saw 
greatest crime drops in ‘90s—even when  
controlling for incarceration level, police 
numbers, and economic situation.  

• Other correlations: age of crime decline cohort 
and similar studies of Australia and Canada.  



The Better Angels Of Our Nature: 
Why Violence Has Declined (2011) 

by Steven Pinker 
Chapter 3:  The Civilizing Process, 116  
For every complex problem, there is a 
neat, simple, concise solution which is 

invariably wrong. --Murphy    



Pinker: What’s wrong with R. v. W.? 

• Ignores all links in between in a 20-year 
hypothetical, tenuous chain. 

• Since 1973 prop. of children born to women in 
most vulnerable categories increased by a lot. 

• Forward-thinking women tend to opt for 
abortion—those children were weeded out. 

• Peer environment generally wins out over 
parenting, holding genes constant. 

• Crime decline began when older cohorts laid 
down their weapons, born well before RvW.  



Pinker: So what’s the answer? 

• Many social scientists have tried and “failed”—
multiple causes—too many confounding 
variables. 

• Civilizing Process under bigger, smarter, more 
effective control. 

• America got sick of all the #&*&#**--not in my 
backyard. 

• Massive imprisonment (few moving parts) 
• Ballooning of police (Bill Clinton campaign) 
• Broken Windows Theory proved in Gronigen.   



Simpson’s Paradox: Kidney Stones 

All open procedures 

 

 

• Small stones:  93% (81/87) 

 

 

• Large stones: 73% (192/263) 

 

 

• Both:               78% (273/350)   

 

Percutaneous lithotomy 

 

 

• Small stones: 87% (234/270) 

 

 

• Large stones:  69% (55/80) 

 

 

• Both:               83% (289/350) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Paradox: Kidney Stones 

• Paradoxical conclusion—Open treatment more 
effective on small stones and on large stones, yet 
litho more effective when size is ignored. 

• Lurking variable (stone size) not known to be 
important until its effects were included. 

• Doctors tend to give large stones the better 
treatment (open) and small stones the inferior 
treatment (litho). 

• Success rate more strongly influenced by severity 
of case than choice of treatment. 



Simpson’s Paradox:  Berkeley gender 
bias case--1973 graduate admissions 

Applicants 

 

 

• 8442 men 

 

 

• 4321 women 

Admitted 

 

 

• 44% 

 

 

• 35% 



Paradox: UCB gender bias case 

Male Applicants/Admitted 

 

• Dept. A :    825     62% 

• Dept. B:     560     63% 

• Dept.C:     325     37% 

• Dept. D:     417     33% 

• Dept. E:     191     28% 

• Dept. F:     272       6% 

 

• Subtotal   2590 

Female Applicants/Admitted 

 

• Dept. A:     108     82% 

• Dept. B:       25     68% 

• Dept. C:     593     34% 

• Dept. D:     375     35% 

• Dept. E:     393     24% 

• Dept. F:     341       7% 

 

• Subtotal   1835 



Paradox: Cal gender bias case 

• Conclusions of Bickel et al.: 

• Women tended to apply to competitive depts. 
with low rates of admission, e.g., in English Dept. 

• Men tended to apply to less competitive depts. 
with high rates of admission, e.g., in Engineering 
and Chemistry 

• Conditions for proper defense against 
discrimination using dept. frequency data are 
formulated in book Causality by Pearl.  

 



Simpson’s Paradox:  Batting averages 
from Ken Ross 

Derek Jeter 

 

• 1995:       12/48 = .250 

 

• 1996:   183/582 = .314 

 

• 1997:   190/654 = .291 

 

• Combo: 385/1284 = .300 

David Justice 

 

• 1995:   104/411 = .253 

 

• 1996:       45/140 = .321 

 

• 1997:   163/495 = .329 

 

• Combo: 312/1046 = .298  



Parting note: Levels of Measurement 

• Statistics uses 4 main levels of measurement: 

 

• Ratio—meaningful 0 and defined distances 

• Interval—arbitrary 0 and defined distances 

• Ordinal—imprecise distances, but order 

• Nominal—no meaningful rank order 

 



In Memoriam 

 

• This presentation is dedicated to the memory 
of Paul Gray, PhD, Founder and Prof. Emeritus 
of School of Information Systems & 
Technology at Claremont, who suggested the 
idea of a class such as this to the UCI OLLI 
Science Committee in 2012 before his 
unfortunate passing. 


