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What is a statistical model? 
 Wikipedia: A statistical model is a set of 
mathematical equations which describe the behavior 
of an object of study in terms of random variables. 
 
 
We try to explain a reality in what randomness takes  
part. The simplest explanation that can explain the  
data is usually preferred.   



The ptolemaic model could so accurately predict 
the motions of heavenly bodies, but…                                                     



  Three newspaper news: 
   
-   Challenger accident (1986) 
 
 
- The Gua Masri II Cave (2005) 
 
 
-  The Litvinenko case (2007-2017)  
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Science needs statistical 
modelling 

In 01/28/1986 the Challenger 
was launched from Kennedy  
spatial center in Florida. 
 
73 seconds after the launch,  
the Challenger exploded and  
its 7 crew members died. 
 
https://www.youtube.com/watch

?v=j4JOjcDFtBE 

https://www.youtube.com/watch?v=j4JOjcDFtBE�
https://www.youtube.com/watch?v=j4JOjcDFtBE�
http://www.fas.org/spp/civil/sts/launch2.mpg�


What was wrong with Challenger? 

    An O-ring seal in its right 
solid rocket booster failed 
at liftoff. 

    The failure of the O-ring 
was attributed to the low 
temperature on the day of 
launch (-0.6 C). 

    (The rubber of the O-rings is 
less flexible with low 
temperatures.)  



An appropriate statistical analysis could have 
avoided the tragedy. 
 
- It was the launch number 25. 
- After each launch, the rocket motors were recovered from 
the ocean.   
- 23 previous shuttle flights were launched at temperatures 
between 53 F and 81 F. In 7 of them, the O-rings presented 
some damages. 
 
NASA did not detect any relation between O-rings 
failures and environmental temperature, in spite of the 
suggestions of Thiokol. They recommended a mininum 
temperature of 53 F (11.7 C) for a good performance of 
the O-rings.  
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A simple logistic regression model could 
have been applied: 
 
temp<c(66,70,69,68,67,72,73,70,57,63,70,78,67,53,67,75,70,81,76,79,
75,76,58) 
y<-c(0,1,0,0,0,0,0,0,1,1,1,0,0,1,0,0,0,0,0,0,1,0,1) 
logit<-glm(y~temp,family=binomial) 
summary(logit) 
 
 

Call: 
glm(formula = y ~ temp, family = binomial) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-1.0611  -0.7613  -0.3783   0.4524   2.2175   
 
Coefficients: 
            Estimate Std. Error z value Pr(>|z|)   
(Intercept)  15.0429     7.3786   2.039   0.0415 * 
temp         -0.2322     0.1082  -2.145   0.0320 * 
--- 
Signif. codes:  0 `***' 0.001 `**' 0.01 `*' 0.05 `.' 0.1 ` ' 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 28.267  on 22  degrees of freedom 
Residual deviance: 20.315  on 21  degrees of freedom 
AIC: 24.315 
 

Number of Fisher Scoring iterations: 5  



The day of the accident the temperature was 31 F (-0.6 C). 
 
The probability of failure can be estimated using the logistic  
regression fit, 
 
 
 
 
 
Consequently, the probability of failure is about  99.9%. The  
launch must have been delayed !! 
 
 
 
 
 
 





Times Cited:   31.670    932/y  



The top 100 papers in Science  
(Nature, October 2014)    

The most-cited research of all time: 



The top 100 papers in Science  
(Nature, October 2014)    

The most-cited research of all time: 



- Molecular Structure of Nucleic Acids: A Structure for  
  Deoxyribose Nucleic Acid.  
  J. D. Watson and F. H. C. Crick. (1953) 
  Nature, 171:4356, p.737-738 
  Times Cited: 6.117           
 
-Zur Elektrodynamik bewegter Körper. 
 A. Einstein (1905) 
 Annalen der Physik, 17, p. 891-921 
 Times Cited: 1.616     
 

The number of citations of a paper is a topic difficult to 
analyze.        



Let`s go to the second news...   



Is it possible to know the sex of a person by 
means of the handprints ?     

This news appeared in the newspapers (2005): 



M. LUISA GASPAR/EFE. PARÍS  



Hands are present in many cave paintings.  

Cave “las Manos”, Argentina Cave of Gargas, french Pyrenees   



Some images are positive, others are negative 

Cave of Chauvet, France Cave of “Fuente del Salín”, Cantabria 



The negative images have a higher 
anthropometric quality than the positives. 

Several experiments have been performed 
 in order to understand how handprints 
 were made.  



About Manning Index     

Digit Ratio: A Pointer to Fertility, Behavior and Health  
by John T. Manning 
NJ: Rutgers University Press. 2002 

John T. Manning. Department of Psychology 
 University of Central Lancashire  



Manning index is the ratio between the lengths of the second  
and the fourth fingers. It is also called 2D:4D ratio.  



Does this hand belong to a man or a woman?     



 
Measurement protocol:  
 
The students measured 2D and 4D of 
both hands using a caliper.  
The lengths were taken from the major 
crease at the base of the digit to the tip.  

It is interesting to repeat the measures  
several times. 

Measures are different if they are taken from photocopies. 
Don’t mix measures coming from different protocols!  

Project work in Statistics. Academic year 2005-2006. 



The measures were collected and put in an Excel 
worksheet. 

-Graphical representation 
-Paired T-test 
-Two sample T-test 
-Lineal regression 
-etc… 

Project work in Statistics. Academic year 2005-2006. 
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The distribution of 2D:4D ratio  
Most researchers agree to assume normality for these kind of  
data sets. Moreover, goodness of fit tests also agree with this  
assumption.  
A measure of the distance between populations according to the  
2D:4D values  is the “effect size statistic”:       
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Why this sexual dimorphism? 

“The relative lengths of the 2nd and 4th digits are 
influenced prenatally by testosterone and estrogen  
concentrations...” (Manning, 2002)   

During the latest 5 years185 papers are recorded  
by the ISI Web of Knowledge containing 2D:4D in  
their titles. 
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Coming back to the caves 

Cave Gua Masri II, Borneo 
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Détermination de l'identité sexuelle des auteurs des mains de Masri II  
grâce au logciel Kalimain 1.0 (Newsletter: Chacine, JC and Noury A., 2005).  
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Is this classification reliable ?  

- J. Manning has questioned these results. 
   
Nelson, EC, Manning JT and Sinclair A. (2006). 

News using the length of the 2nd and 4th digit ratio 
(2D:4D) to sex cave art hand stencils: factors to 
consider. Before Farming, 1, A6. 



- The values of  the 2D:4D ratio change according the 
ethnic group of the individuals.   

- Chazin and Nouri use the average of the european 
populations (0.96 for men and 1.0 for women) !! 

- Left or right hands produce different values. 
- The transition between real hand and hand print has 

many factors of error than have not been studied.   



A statistical model for handprints 
A mixture of two normals can be a reasonable  approach:  
 
 
Assuming equality of standard deviations, this is a model  
with 4 parameters. To identify which handprints belong to  
men or women we have to estimate the parameters. 
 
Then, given an observed  2D:4D value, we can compute the  
probability that the handprint belongs to a man or a woman.     



and the third news...   



The Litvinenko case 



More than 150 persons were examined to  
detect possible radioactive contamination.    





How Is Radiation Exposure 
Measured?  

This is essential for predicting the derived health 
consequences, for both early effects (vomiting, skin 
injuries, etc.) and late effects like the development  
of cancer. 
 
The most widely used method is the analysis of the  
frequency of chromosome aberrations observed in  
metaphases from a sample of peripheral blood  
lymphocytes. 



Radioactive particles (in red) arrive following a Poisson 
process, some of them intersecting a cell nucleus (green) 

nuclei 

Particles 



Dicentric chromosome generation due to the breaks  
produced 

 by radioactive particles  



The main goal: what is the dose received ?  

Irradiated patient Blood sample 

Cytogenetic methods 

Frequencies of  chromosome aberrations in 
peripheral  lymphocytes 
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For dicentrics, irradiation with X or gamma rays produces 
a distribution of damage which is very well represented 
by the Poisson distribution. 
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λ is related to the dose received:  it increases when the doses 
increases 

How the aberrations are distributed among cells  



According to the IAEA manual: 
 
The Poisson distribution is by far the 
most widely recognized and commonly 
used type of distribution for 
cytogenetic data analysis.  (p. 197) 

In contrast, neutrons and other types of 
high LET radiation produce distributions 
which display patterns not compatible 
with Poisson distribution: Hermite, 
Neyman A, etc… 



108 years ago A. K. Erlang published his 
famous paper "The Theory of Probabilities and 
Telephone Conversations"  

This paper is considered the beginning of the 
Queueing Theory. 
 
     



In this innovative paper Erlang proved that the 
number of calls at a call-centre being originated 
during a certain interval of time follows a 
Poisson distribution.  

The proof of Erlang hides the scientific 
principles that are behind his probabilistic 
conclusions. These assumptions were specified 
by several authors latter, like Greenwood and 
Yule (1920) and Newbold (1926). 



The assumptions or scientific principles 
characterizing Poisson process  

1- Time independence: The number of particles arriving in 
non overlapping time intervals are independent.  
 
2- Insensitiveness to position in time: The distribution of the 
number of particles arriving in any interval of time depends 
only on the length of the time interval. 
 
3-Non-simultaneity of events: The probability of more than 
one particle in an infinitesimal time interval is negligible with 
respect the length of the interval. 
 



Violating the principle of non-simultaneity 

Principle 3 is reasonable for modelling the number  
of particles. However it seems unreasonable for  
the number of dicentrics.      

What happens if the principle of 
non-simultaneity of events is 
broken? 



Compound Poisson modelling for hight 
LET radiation  

The particles traversing cell nucleus follow a 
Poisson process. For each particle there is a 
probability h(x) to produce x dicentrics. 

The number of dicentrics follows a Compound 
Poisson Process. 



Cell nucleus 

Particle DNA 
damage 

Repair/ 
misrepair 

. . 

. 

dicentric counts 

Dicentric formation as a Compound Poisson process 

These are topics of current research... 



F. Barquinero   (UAB and IRSN) 



Higueras, Ainsbury and Rothkamm 



Mònica Pujol 



To finish: what is the most 
important formula in Statistics?  



The Cramér-Rao bound (CRB) , an important gear? 

Cramér, Harald (1946).  
Mathematical Methods of 
Statistics. Princeton, NJ: 
Princeton Univ. Press      

Rao, C.R. (1945).  
Information and the accuracy 
attainable in the estimation of 
statistical parameters.  
Bulletin of the Calcutta 
Mathematical Society 37: 81–89.     



The CRB tell us the maximum precision (least amount of 
variance) any statistical model can achieve. 

We cannot go beyond the CRB !!      

It is a universal truth or principle          



Heisenberg's uncertainty principle (1927) 

It asserts a limit to the precision with which position r 
and momentum p of a particle can be known.     

Heisenberg’s uncertainty principle can be 
deduced from the Cramér-Rao bound.  
 
Stam, A.J. (1959), Some inequalities satisfied by the 
quantities of information of Fisher and Shannon. 
Information and Control 2, p. 101-112. 



Thank you for your attention... 
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