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‘Transmuting’ women into men:
Galton’s family data on human stature

W webpage, containing

• Galton’s 1884 letter to The Times thanking it for publicity,
and announcing the prize winners in the 4 month
’crowd-sourcing’ data-collection effort
• The American Statistician (TAS) Article
• Poster
• Shiny App to implement Galton’s Height Forecaster
• Source of recovered data
• Images from Record of Family Faculties (album)
• Images of pages of Notebook with family data on height
• Datafile [ csv ]

https://jhanley.biostat.mcgill.ca/galton/
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‘Student’s z, t, and s: What if Gosset had R?

W webpage, containing

• TAS article, 2008
• Supplementary Figures, with results for finger length

Expanded version, 2008, of Fisher’s Derivation of pdf( s, xbar )
• Frequency table of heights [22 bins] × finger-lengths [42 bins] of 3000 criminals,

assembled by Macdonell (1901), and used in simulation by Student (1908)
• Excerpts from ‘Student’s’ 1908 paper
• Gosset’s 750 samples of size n = 4
• Census of Ireland 1911: Return completed by (a) Gosset (b) JH’s grandfather
• Presentations

- Statistical Society of Montreal & 2008 SSC Annual Meeting
- Gosset Centenary (IBS/ISA) Dublin 2008
- 2017 SSC Annual Meeting (“Gosset: Guinness, simulations & benefits of milk”: video+lyrics)

• Photos
- 2008 unveiling of plaque to Gosset at Guinness Storehouse in Dublin
- IBS/ISA session at IBC2008

https://jhanley.biostat.mcgill.ca/Student/
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Gosset:
Guinness, simulations, and the benefits of milk

James A. Hanley

Department of Epidemiology, Biostatistics and Occupational Health,
McGill University

Session In honour of Gosset’s birthday
Statistical Society of Canada Annual Meeting

Winnipeg, 2017.06.13

W 30-min presentation via pre-recorded video

https://jhanley.biostat.mcgill.ca/JimHanleyGosset.mp4




Gosset’s introduction to his paper

“Usual method of determining the probability that µ lies within a
given distance of x̄ , is to assume ...”

µ ⇠ N(x̄ , s/
p

n).

But, with smaller n, the value of s “becomes itself subject to
increasing error.”

Forced to “judge of the uncertainty of the results from a small
sample, which itself affords the only indication of the variability.”

The method of using the normal curve is only
trustworthy when the sample is “large,” no one has yet
told us very clearly where the limit between “large”
and “small” samples is to be drawn.

Aim ...

"to determine the point at which we may use the
(Normal) probability integral in judging of the
significance of the mean ..., and to furnish alternative
tables when [n] too few."

Sampling distributions studied

x̄ =

P
x

n
; s2 =

P
(x � x̄)2

n
.

“when you only have quite small numbers, I think the formula
with the divisor of n � 1 we used to use is better”

... Gosset letter to Dublin colleague, May 1907

Doesn’t matter, “because only naughty brewers take n so small
that the difference is not of the order of the probable error!”

... Karl Pearson to Gosset, 1912

z = (x̄ � µ)/s

Three steps to the distribution of z

Section I

• Derived first 4 moments of s2.
• Found they matched those from curve of Pearson’s type III.
• “it is probable that that curve found represents the

theoretical distribution of s2.” Thus, “although we have no
actual proof, we shall assume it to do so in what follows.”

Section II
• “No kind of correlation” between x̄ and s
• His proof is incomplete: see ARTICLE in The American Statistician.



Section III
• Derives the pdf of z:

• joint distribution of {x̄ , s}
• transforms to that of {z, s},
• integrates over s to obtain pdf (z) / (1 + z2)�n/2.

Sections IV and V
• ..
• ..

Section VI: “Practical test of foregoing equations.”

pdf’s of s and z “are
compared with some actual
distributions”

Before I had succeeded in
solving my problem analytically, I
had endeavoured to do so
empirically.

The material used was a
correlation table containing the
height and left middle finger
measurements of 3000
criminals, from a paper by W. R.
Macdonell (Biometrika, Vol. I, p.
219).

Available in R Package HistData : Data Sets from the History of Statistics and Data Visualization. M. Friendly (York U.)

The measurements were written out on 3000 pieces of
cardboard, which were then very thoroughly shuffled and drawn
at random.

As each card was drawn its numbers were written down in a
book, which thus contains the measurements of 3000 criminals
in a random order.

Finally, each consecutive set of 4 was taken as a sample – 750
in all – and the mean, standard deviation, and correlation of
each sample determined.

The difference between the mean of each sample and the
mean of the population was then divided by the standard
deviation of the sample, giving us the z of Section III.

This provides us with two sets of 750 standard deviations and
two sets of 750 z ’s on which to test the theoretical results
arrived at.



2 of Gosset’s notebooks (Pearson Collection, UCL)







FOR...

• Results of our simulations, 100 years later
• Description of remainder of 1908 article
• Fisher’s geometric vision
• Fisher and Gosset , and transition z ! t
• Backpack & Desktop Computers

SEE..

• SLIDES FROM LONGER VERSION OF TALK
• ARTICLE in The American Statistician
• http://www.biostat.mcgill.ca/hanley/Student



Gosset’s rucksack computer: Triumphator A ser 43219

http://www.calculators.szrek.com/



Fisher’s desktop computer: Millionaire Ser 1200





Whttps://jhanley.biostat.mcgill.ca/BridgeOfLife/BRIDGE OF LIFE: ANIMATIONS 

described 

in the article
Cultural imagery and statistical models of the force of mortality: Addison, Gompertz and Pearson.

Turner EL and Hanley JA.     J. R. Statist. Soc. A (2010) 173, Part 3, pp. 483-499.

and in various presentations, e.g., 
presentation by JH to the Statistical Society of Montreal

BRIDGES OF LIFE -- after Addison, 1711

If your OS allows it, the following lifetables can be animated using the java
app. This R code provides another (albeit slower) way: 

* Sweden, Female, 1751-1851 (cohort) 

      frames/second:   1   5   15   25   100       or ...   screenshot

* England, Male, 1871-1880 (current) 

      frames/second:   1   5   15   25   100     or   screenshot or .mov

* France, 1895 (current)     Male  

* France, 1895-2004 (cohort)     Male   Female  

* Switzerland, 1895-2004 (cohort)     Male   Female  

* Canada, Female, 2000-2002 (current) 

      frames/second:   1   5   15   25   100       or ...   screenshot

 

* PhD in Epidemiology & Biostatistics (1970-2002) 

      frames/second:   5   25  

************************************************************************

BRIDGES OF LIFE -- after Pearson, 1897

* England, Male, 1871-1880 (current) 

      frames/second:   1   5   15   25   .mov   100   500   .mov   2500  

Updated: Jan 30, 2011

https://jhanley.biostat.mcgill.ca/BridgeOfLife/


https://jhanley.biostat.mcgill.ca/BridgeOfLife/talk-SSM-nov2010-handout.pdfIntroduction Addison, 1711 Gompertz, 1825; Edmonds 1832 Pearson, 1897 Discussion

Cultural imagery and statistical models of the
force of mortality

Elizabeth L. Turner1 James A. Hanley2

1Medical Statistics Unit, Department of Epidemiology and Population Health
London School of Hygiene and Tropical Medicine

2Department of Epidemiology, Biostatistics and Occupational Health
McGill University

2010.11.19
Introduction Addison, 1711 Gompertz, 1825; Edmonds 1832 Pearson, 1897 Discussion

In order of appearance...

• 1950-1976: hazard function and incidence density

• 1711: allegorical essay, non-mathematical

• 1825 & 1832 : intensity/force of mortality

• 1897: imagery back to 1400’s; mixtures of pdf’s

• 2009: computer animations

https://jhanley.biostat.mcgill.ca/BridgeOfLife/talk-SSM-nov2010-handout.pdf


Introduction Addison, 1711 Gompertz, 1825; Edmonds 1832 Pearson, 1897 Discussion

Force of mortality in The Vision of Mirza

(1672-1719)
.



Introduction Addison, 1711 Gompertz, 1825; Edmonds 1832 Pearson, 1897 Discussion

Imagery in The Vision of Mirza

Allegorical essay

Sept. 1, 1711

BRIDGE OF HUMAN LIFE

Multitudes of people passing over it

Passengers dropping through
innumerable concealed trap-doors that...

• were set very thick at the entrance
• grew thinner towards the middle
• multiplied and lay closer together

towards the end

http://etc.usf.edu/clipart/17400/17410/mirza_17410.htm



Introduction Addison, 1711 Gompertz, 1825; Edmonds 1832 Pearson, 1897 Discussion

Gompertz’ ‘Law’ of Mortality

BENJAMIN GOMPERTZ, 1779-1865 

BENJAMIN GOMPERTZ. On the Nature
of the Function Expressive of the Law of
Human Mortality, and on a New Mode of
Determining the Value of Life
Contingencies. Phil. Trans. R. Soc.
London, 115. (1825), 513-583.

“ [his] paper [...] opened up a new
approach to the life table. Previously,
the table had been regarded as little
more than a record of the number of
persons surviving to successive integral
ages out of a given number alive at an
earlier age; Gompertz introduced the
idea that lx [the survival function] was a
function connected by a mathematical
relationship with a continuously
operating force of mortality.”

P. F. Hooker. J. Inst. Actuaries (1965).

Fitted survival function to life-table data.

Imagery: ‘power of man to avoid death’



UK males 1871-1880 WAddison, animated

https://jhanley.biostat.mcgill.ca/BridgeOfLife/Addison1711EnglandMid1800.mov


Canada females 2000-2002



Introduction Addison, 1711 Gompertz, 1825; Edmonds 1832 Pearson, 1897 Discussion

Pearson’s data: frequency distribution of age at death
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Numbers of deaths in each year of life, derived as successive differences of
numbers of survivors in lifetable. Lifetable (radix 1000), based on mortality
of English males 1871-1880, appeared in 1894 edition of Whitaker's Almanack.

Source: Pearson, K. (1897) The Chances of Death and Other Studies in Evolution. London: Arnold.



Introduction Addison, 1711 Gompertz, 1825; Edmonds 1832 Pearson, 1897 Discussion

How Pearson fitted the 5-component mixture
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Introduction Addison, 1711 Gompertz, 1825; Edmonds 1832 Pearson, 1897 Discussion

The full 5-component mixture



Introduction Addison, 1711 Gompertz, 1825; Edmonds 1832 Pearson, 1897 Discussion

Rendered by Pearson’s wife, Maria Sharpe Pearson.

W JH animation, 2009

https://jhanley.biostat.mcgill.ca/BridgeOfLife/Pearson500fps.mov




EXCESS MORTALITY
1849 Cholera; 1918-19, 1957, 1968 Flu; 2020- COVID-19

W https://jhanley.biostat.mcgill.ca/Pandemics/

Cultural imagery and statistical models of the force of mortality:
Addison, Gompertz and Pearson

Turner EL and Hanley JA. J. R. Statist. Soc. A (2010).

↓

WAge in plagues and pandemics: medieval Dances of Death or Pearson’s Bridge of Life?
E Turner and J Hanley, Significance, June 2010.

https://jhanley.biostat.mcgill.ca/Pandemics/
https://jhanley.biostat.mcgill.ca/Reprints/AgeMedievalPlaguesPandemics.pdf
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A g e  i n  m e d i e v a l  p l a g u e s  a n d 
p a n d e m i c s :  D a n c e s  o f  D e a t h  o r 

Pe a r s o n’ s  b r i d g e  o f  l i f e ?

In October 1347 a trading ship from the Crimea 
with its crew dead and dying drifted into a har-
bour in Sicily, and black rats leapt ashore. The 
European phase of the Black Death had begun.

At the time they called it the Great Mortality, 
subsequently the “Great Pestilence” or the “Great 
Plague”. Today we call it the “Black Death” and 
consider it as perhaps the deadliest pandemic 
ever to have struck humanity.

In the countryside, peasants dropped dead in 
the fields; in towns, the sick died too fast for the 
living to bury. A monk in Ireland, the last survi-
vor of his monastery and himself awaiting death, 
listed the names of those who had perished and 
left space at the end for his own name in the 
hope that a passing stranger would add it1. 

Tilled fields returned to wilderness for lack of 
men to farm them. Whole villages disappeared 
for ever from the map. To an awestruck mankind, 
it really did seem that the end of the world had 
come. 

In trying to convey its horror to later genera-
tions the 14th-century historian Froissart, who 
usually confined himself to describing the chival-
rous exploits of knights in armour, summed it up 
simply and terrifyingly: “One-third of the world 
died”. He may have been underestimating.

Not surprisingly, given the primitive statisti-
cal systems of the time, estimates of the actual 
death toll from the Black Death vary widely, from 
30% to 60% of a population that spread from 
China to Iceland. For Europe, with an estimated 
population of 80 million, that means 25–50 mil-
lion deaths. The most recent estimates, based on 
a synthesis from the best localised epidemiologic 
sources in England, France, Spain and Italy, are at 
the upper end of this range. Given this virulence, 
and the fact that the plague was new and was 
striking a population that had yet to develop 
any natural immunity to it, one might reason-
ably assume that the Black Death killed without 
discrimination, regardless of age, sex or frailty. 

That indeed was how it was seen at the time. 
Paintings and woodcuts depicted the “Dance of 
Death” – Death as a skeleton indiscriminately 
carrying off old and young, rich and poor, kings 
and commoners. A good life, a healthy life, a 
clean-lived life was no protection: the medieval 
folk-conception was of Death as one who obeys 
no rule of time, of place, of age, of sex, or of 
household. Five hundred years later a young 
Karl Pearson (1857–1936) viewed two of the 67 
images painted inside the roof of the Spreuer 
Bridge in Lucerne, depicting Death’s blindness 
to beauty and riches. In his 1897 essay on The 
Chances of Death2 he traced the “idea of Death 
as the lawless one, the one who strikes at ran-
dom” back to this early medieval tradition3. The 
message in those pictures of dancing Death was 
indeed clear: Death, in plagues and pestilence, 
was random.

The message since then has been tested. Hor-
rox4 studied many contemporary accounts to see 
if the Black Death took more of the young or of 
the old, but found “no firm evidence that the 
1346–1353 plague was age-specific”. However, 
Benedictow5 provides evidence of “supermortal-
ity” among women and children. They died in 
greater numbers than the men. He ascribes this 
in part to their spending more time indoors, 
closer to the infectious rat fleas. He also explains 
the rather surprising inverse relation between 
plague mortality rates and population density – 
the countryside was hit worse than the towns 
– by the lower ratio of humans to co-resident rat 
colonies in urban than rural environments. More 
country households shared their homes with an 
entire rat colony, whereas several urban homes 
might be ruled by one territorial rat colony.

“Palaeo-demography” is another tool that 
can examine the role of age and frailty in suc-
cumbing. The skeletal remains of those buried 
in Black Death cemeteries should reveal the age 
distribution of the death toll: if Death was truly 

indiscriminate this distribution should resemble 
the (pyramid-like) shape of the living popula-
tion just before the plague – many young, fewer 
adults, and fewer still who had reached old age. 
Margerison and Knüsel6 found that the age-at-
death distribution of those buried in the Royal 
Mint site, London, a Black Death cemetery of 
1349, “coincides generally with what one would 
expect from” an age-indiscriminate Death. But 
DeWitte and Wood7 compared the same skel-
etal remains with contemporary non-epidemic 
samples from two medieval Danish towns, and 
concluded the Black Death was selective with 
respect to pre-existing health conditions – in 
other words, it took more of the frail than of the 
strong - although probably it was not as strongly 
selective for frailty as death in normal times. It 
took many of the strong as well. 

Death has long obsessed humanity. In times of plague and pandemic even more so. Medieval man saw four horse-
men of the apocalypse, and of them, Death by disease was gathering the greatest harvest. How randomly did he 
gather? And how random is the death toll in later pandemics? James Hanley and Elizabeth Turner look at Karl 
Pearson’s visualisations of mortality. 

Dance of Death paintings under the roof of Spreuer 
Bridge in Lucerne. From all-about-switzerland.info3

W JH Significance, 2010

https://jhanley.biostat.mcgill.ca/BridgeOfLife/Pearson500fps.mov


DEATHS FROM CHOLERA
England and Wales, 1849

june2010 87

By the time of the 1848–49 cholera epidemic 
in England and Wales, the Births and Deaths Reg-
istrations Act of 1836 was in place. In addition, 
William Farr had produced his “statistical nosol-
ogy” which listed and defined 27 fatal disease 
categories to be used by local registrars when 
recording causes of death. Thus, in a special 
report completed by Farr in 185211, he was able 
comprehensively to document mortality in the 
epidemic specified by age.

Figure 1 uses these data and data from the 
Human Mortality Database12 to examine the 1849 
distributions of cholera-specific deaths that year 
and at the peak of the epidemic and all-cause 
deaths in non-epidemic years (1845–1847). The 
similar age distributions of the 1849 cholera 
deaths (left) and excess all-cause deaths in 1849 
over the average in the non-epidemic years sug-
gest that the cholera Death did not discriminate 
on the basis of age; but there was some sparing, 
not of the very young, but of those aged 10–25 
years. We can speculate on reasons for this. Some 
of those in this age-range had lived through the 
cholera outbreak of 1832 and through subse-
quent smaller ones documented in the beginning 
of Farr’s 1852 report and had therefore acquired 
some immunity.

The role of age in influenza mortality

The “Spanish Flu” pandemic began in early 1918, 
and ended in mid-1920. Estimates of total world-
wide number of influenza deaths vary widely, but 
the number is generally believed to exceed the 
(approximately) 16 million deaths in World War I. 
We estimated the age pattern by comparing the 
age-specific numbers of deaths from all causes in 
the peak influenza year, 1918, with the numbers 
in adjacent years. 

We focus on the 12 countries in the Human 
Mortality database with age- and sex-specific 
numbers of deaths for each year from 1912 on-
wards. In some of these countries, differences 
between the numbers of deaths in 1918 and 
1917 reflect not just influenza mortality, but also 
deaths from World War I or civil war. To separate 
these, we also examine inter-year differences 
separately in females and males, as well as dif-
ferences from 1912–1913 numbers. Because of 
the limited space, some of these are only shown 
on the authors’ website.13

The 1917–1918 comparisons are shown in 
Figure 2. They clearly show that most of the 

influenza deaths must have been in young adults. 
If the cholera Death spared some of the young, 
the influenza Death singled them out.

This singling out is more evident in England if 
we limit our 1917–1918 comparisons to females 
(top left panel compared to bottom left panel). 
The 1912–1913 vs. 1916 comparisons on the 
website also document the equally large numbers 
of deaths from war in just one year in the male 
populations of these three countries. 

Pandemics have not gone away. In H1N1 we 
may be facing another, although the 2009-2010 
winter period has proven less severe than an-
ticipated. Even so, H1N1, like its predecessors, 
too has proven not to discriminate. Government 
advice, as at December 2009, was quite right to 
include men and women over 65 and children 
between 6 months and five years as priorities for 
immunisation.

In his essay, Pearson conceded that the no-
tion of Death as the one who strikes at random 
probably arose “at a time when men were face to 
face with the terrible mortality of the plague”; 
but he noted that this “widespread and deeply-
rooted traditional representation of the random 
action of death” (and in particular, Death’s 
blindness to age) [remained so] “for more than 
four centuries”. The notices in doctors surger-
ies today urging high-risk age-groups to con-
sider vaccination are signs that death, even in 

pandemics, is more selective than the medieval 
peasant supposed. 
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Figure 1. The age-specific numbers of cholera deaths for the year 1849, based on Farr’s report, are shown on the 
left. The age-specific average numbers of deaths due to all causes for the years 1845–1847, along with those 
for 1849, are shown on the right, and based on data available in the online Human Mortality Database12

Figure 2. Deaths from all causes in 1918, the peak year of the Spanish Flu pandemic, compared to 1917. In the 
case of Switzerland, and of women in England and Wales, the excess deaths are entirely due to disease, not war. 
Data from the Human Mortality Database12
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By the time of the 1848–49 cholera epidemic 
in England and Wales, the Births and Deaths Reg-
istrations Act of 1836 was in place. In addition, 
William Farr had produced his “statistical nosol-
ogy” which listed and defined 27 fatal disease 
categories to be used by local registrars when 
recording causes of death. Thus, in a special 
report completed by Farr in 185211, he was able 
comprehensively to document mortality in the 
epidemic specified by age.

Figure 1 uses these data and data from the 
Human Mortality Database12 to examine the 1849 
distributions of cholera-specific deaths that year 
and at the peak of the epidemic and all-cause 
deaths in non-epidemic years (1845–1847). The 
similar age distributions of the 1849 cholera 
deaths (left) and excess all-cause deaths in 1849 
over the average in the non-epidemic years sug-
gest that the cholera Death did not discriminate 
on the basis of age; but there was some sparing, 
not of the very young, but of those aged 10–25 
years. We can speculate on reasons for this. Some 
of those in this age-range had lived through the 
cholera outbreak of 1832 and through subse-
quent smaller ones documented in the beginning 
of Farr’s 1852 report and had therefore acquired 
some immunity.

The role of age in influenza mortality

The “Spanish Flu” pandemic began in early 1918, 
and ended in mid-1920. Estimates of total world-
wide number of influenza deaths vary widely, but 
the number is generally believed to exceed the 
(approximately) 16 million deaths in World War I. 
We estimated the age pattern by comparing the 
age-specific numbers of deaths from all causes in 
the peak influenza year, 1918, with the numbers 
in adjacent years. 

We focus on the 12 countries in the Human 
Mortality database with age- and sex-specific 
numbers of deaths for each year from 1912 on-
wards. In some of these countries, differences 
between the numbers of deaths in 1918 and 
1917 reflect not just influenza mortality, but also 
deaths from World War I or civil war. To separate 
these, we also examine inter-year differences 
separately in females and males, as well as dif-
ferences from 1912–1913 numbers. Because of 
the limited space, some of these are only shown 
on the authors’ website.13

The 1917–1918 comparisons are shown in 
Figure 2. They clearly show that most of the 

influenza deaths must have been in young adults. 
If the cholera Death spared some of the young, 
the influenza Death singled them out.

This singling out is more evident in England if 
we limit our 1917–1918 comparisons to females 
(top left panel compared to bottom left panel). 
The 1912–1913 vs. 1916 comparisons on the 
website also document the equally large numbers 
of deaths from war in just one year in the male 
populations of these three countries. 

Pandemics have not gone away. In H1N1 we 
may be facing another, although the 2009-2010 
winter period has proven less severe than an-
ticipated. Even so, H1N1, like its predecessors, 
too has proven not to discriminate. Government 
advice, as at December 2009, was quite right to 
include men and women over 65 and children 
between 6 months and five years as priorities for 
immunisation.

In his essay, Pearson conceded that the no-
tion of Death as the one who strikes at random 
probably arose “at a time when men were face to 
face with the terrible mortality of the plague”; 
but he noted that this “widespread and deeply-
rooted traditional representation of the random 
action of death” (and in particular, Death’s 
blindness to age) [remained so] “for more than 
four centuries”. The notices in doctors surger-
ies today urging high-risk age-groups to con-
sider vaccination are signs that death, even in 

pandemics, is more selective than the medieval 
peasant supposed. 
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Figure 1. The age-specific numbers of cholera deaths for the year 1849, based on Farr’s report, are shown on the 
left. The age-specific average numbers of deaths due to all causes for the years 1845–1847, along with those 
for 1849, are shown on the right, and based on data available in the online Human Mortality Database12

Figure 2. Deaths from all causes in 1918, the peak year of the Spanish Flu pandemic, compared to 1917. In the 
case of Switzerland, and of women in England and Wales, the excess deaths are entirely due to disease, not war. 
Data from the Human Mortality Database12
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ABSTRACT
The United States held 13 draft lotteries between 1917 and 1975, and a contingency procedure is in
place for a selective service lottery were there ever to be a return to the draft. In 11 of these instances,
the selection procedures spread the risk/harm evenhandedly. In two, whose anniversaries approach, the
lotteries were problematic. Fortunately, one (1940) employed a “doubly robust” selection scheme that
preserved the overall randomness; the other (1969) did not, and was not even-handed. These 13 lotteries
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Existing and newly assembled raw data are used to describe the randomizations and to statistically measure
deviations from randomness. The key statistical principle used in the selection procedures in WW I and WW
II, in 1970–1975, and in the current (2019) contingency plan, is that of “double”—or even “quadruple”—
robustness. This principle was used in medieval lotteries, such as the (four-month) two-drum lottery of 1569.
Its use in the speeded up 2019 version provides a valuable and transparent statistical backstop where “an
image of absolute fairness” is the over-riding concern.
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1. Introduction

The draft lottery of 1917 was—in the words of the then US
War Department Secretary Newton D. Baker—the “first appli-
cation of a principle believed by many of us to be thoroughly
democratic, equal and fair in selecting soldiers to defend the
national honor abroad and at home.” New statistical evidence
presented below shows that the 1917–1918 lotteries were suc-
cessful in spreading the risk/harm as evenhandedly as possible:
no (identifiable a priori) subgroup bore more of the burden than
would be expected.

We are now approaching the 50th anniversary of a December
1969 draft lottery—based on birthdays—that was not fair. The
evidence for this is not limited to the statistical trend in the
month-of-birth-specific mean lottery numbers in the newspaper
article a month later (Rosenbaum 1970a) or the more extensive
statistical tables and figures reported in a scholarly journal a year
later (Fienberg 1971). There is also the direct evidence: the clear
upward trend in the column of month-of-birth-specific casualty
numbers in Table 1 of a report (Sommers 2003) derived from
the biographies of the persons listed on The Vietnam Veterans
Memorial (“the Wall”). The recent article (Johnson, Dawes,
and Conley 2019) in this journal is especially welcome, as it
reintroduces the flawed 1969 lottery to the current generation
of statisticians, and introduces them to the statisticians behind
the 1970 “remedy.”

Next year will mark the 80th anniversary of another less well
known but more spectacularly flawed draft lottery—the first of
the three during World War II. However, unlike the 1969 one,
it did not create any unfairness. These two anniversaries are

CONTACT James A. Hanley james.hanley@mcgill.ca Department of Epidemiology, Biostatistics, and Occupational Health, McGill University, 1020 Pine Avenue
West, Montreal, QC H3A 1A2, Canada.
Color versions of one or more of the figures in the article can be found online at www.tandfonline.com/r/TAS.

an opportunity to consider the statistical ingredients for a fair
process, and to examine the contingency procedure currently in
place for a selective service lottery were there to be a return to
the draft today.

These lotteries are big-ticket examples of sound and unsound
statistical planning, lessons learned/ignored, and the central role
of statisticians and statistical analyses. They also provide some
interesting teaching perspectives. I begin with the meticulously
planned “lower-tech” doubly robust lottery of 1917 and end with
the also doubly robust but “high-tech” plan in place as of 2019. In
between, I show the high resolution version of the 1940 lottery
data, as well as a high-resolution photograph—not widely avail-
able in 1940—that helps explain the blatant nonrandomness that
these data exhibit. Despite this more extreme lottery result, I
argue that the more robust 1940 selection process made for a
fairer system than the 1969 one. I end by tracing the robustness
principle used in the current contingency plan as far back as
the—more cumbersome—lotteries held in medieval times.

2. US Selective Service Lotteries, 1917–1975

2.1. WW I

These three lotteries (see Table 1) were carried out under the
Selective Service Law enacted soon after the US Congress
declared war on Germany. Registrations, carried out by 4000
local boards, yielded 10, 0.7, and 13 million men, respectively.
Each local board shuffled the registration cards deposited with
it, assigned serial numbers without regard to the registrant’s

© 2020 American Statistical Association
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Table 1. WW I and WW II lotteries.

Year Age/born Registration day Millions registered Lottery date Numbers drawn, 1– Duration (hr)

1917 21–30 June 5 10 July 20 10,500 16
1918 21∗ June 5 0.7 June 27 1200 2
1918 18–45 September 12 13 September 30 17,000 18

1940 21–30 October 16 16 October 29 9000 14
1941 21∗ July 1 0.75 July 17 800 2
1942 20–45 February 14–16 9 March 17 7000 13

∗Had reached 21 since previous registration.

name or order of registration, and displayed publicly the list
of men and their assigned serial numbers. (In 1917, the largest
number registered with any one board was 10,500.) A single
Master List, to be developed later and shared by all boards,
determined the order in which the boards would call up men.

The list was established using a lottery held in Washington.
On July 20, 1917, some 10,500 serial numbers were drawn. These
numbers were first stamped on slips of paper and enclosed in
small capsules before being placed in a glass bowl and thor-
oughly mixed with a ladle. They were drawn out publicly by
blindfolded male university students. The capsules were stirred
at regular intervals. The first 4 numbers drawn were: 258, 2522,
9613, 4532. Thus, in a board with 5000 registrants, the first
3 called were those assigned serial numbers 258, 2522, and
4532; a board continued calling, examining and classifying men
until it reached the assigned quota of men it was to supply
(Provost Marshal General 1918). The overall (national) quota
was 687,000.

In his review, Fienberg (1971) did not have data from 1917;
nor could he locate any statistical analysis that tested “whether
the selection was indeed fair.” Today, digital newspaper archives
contain partial lists—typically in the order drawn. Some news-
papers, such as the New York Times, provided a way to “imme-
diately find your place in the draft” by publishing an “inverted”
list: the orders in which the serial numbers 1 to 4696 [“the
largest number registered in a New York City district”] were
drawn. However, given the facilities in 1917, it acknowledged
that “many errors occurred” and that while “scores of these have
been found and corrected, some still remain.” However, I was
able to locate the official Master List (Selective Service 1918, pp.
322–343) and I extracted the data used in this article from it.
To establish the order of call for the second registration, the
numbers from 1 to 1200 were drawn—in over just 2 hours,
from a smaller glass bowl—in the smaller drawing held on
June 27, 1918. I extracted the data from this lottery from the
official Master List 2 (Selective Service 1918, pp. 345–348). I was
only able to locate a list of the first 100 numbers drawn in the
September 1918 lottery, the largest of all of the 13 US lotteries,
involving 17,000 numbers drawn over 18 hours. Fortunately, an
armistice was signed on November 11 and that lottery list was
never used.

Row (A) of Figure 1 plots the newly assembled “raw” data
from the first two WW I lotteries, and can be used as a point
of departure to ask students for their visual impressions of the
patterns in the data.

Rows (B) and (C) are two of the many ways students and
teachers might assess departures from randomness. Row (B)
hints at a slight “first in, last out” pattern in the very large 1917
lottery. Row (C), using an approach that was applied to the 1940

lottery data (see below) is an attempt to look for “lumpiness” in
the data, but finds no evidence of it. The results are a tribute
to the extensive mixing. The impression, borne out by where
the r and X2 statistics stand in their respective null sampling
distributions, is that the great care taken by Gen. Crowder—
attested to by the media—paid off.

2.2. WW II

In the 6-min audio clip (Roosevelt 1940a) from the first of the
three WW II lotteries, President Franklin Roosevelt character-
ized selective service as the “most democratic as well as the most
efficient means for the mustering of our manpower.” Since each
of the steps in the selection plays a vital role, his next words are
worth repeating…

Briefly and in simplest terms, the processes of the selection
are these. Each registrant in each of 6500 local areas has been
assigned a number at random, assigned to him by a commit-
tee or board of his neighbors. Each man’s number in each
local board area has been officially recorded as pertaining
exclusively to him in that area. Those numbers run from 1 to
7836. Opaque capsules, each containing a different number,
have been placed in a glass bowl. […] These capsule numbers
also run from 1 to 7836 with a few extra higher numbers to
allow for late registration. One capsule at a time will be drawn
from the bowl until none is left.

Several online video clips (e.g., Roosevelt 1940b), newspaper
articles, and Fienberg’s (1971) article fill in further details.

Using the digital archives of several newspapers, and other
contemporary sources, I have been able to assemble the orders
in which the serial numbers were drawn in the lotteries of 1940,
1941, and 1942. These are plotted in row (A) of Figure 2, where
the extraordinary pattern in 1940 is revealed by that simplest
of statistical procedures, the inter-ocular traumatic test, aided a
little by today’s statistical graphics.

The outline of that pattern was soon noticed by statistics
graduate student P. H. Benson at the University of Chicago
(Chicago Tribune 1940). Scanning the list for his own number,
he was struck by the preponderance of high serial numbers in
the early hours of the drawing. He brought his observation to
the attention of University of Chicago statisticians Bartky and
Stouffer, who were also struck by the strange order in which the
numbers were drawn. “Bartky and Prof. Stouffer were amazed
by their findings in a preliminary examination of the lottery
list. The statistical staff they assembled put in 185 man hours
in studying, charting, and applying formulas of mathematical
probabilities to the data presented by the lottery.”
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Figure 1. Scatterplots (A), conditional means (B), and observed and expected cell frequencies (C) based on raw data from WW I lotteries. Instead of using them to estimate
a p-value, the correlations in 1000 simulated lotteries were ranked from smallest (1) to largest (1000), and the reported rank of the observed correlation is its position in
this array; thus a “rank” of 0 means that the observed correlation was smaller than all 1000 simulated correlations. The vertical ranges in (B) are the same as in (A), namely
1 to 10,500 and 1 to 1200, and the means are conditional on the “x” bins. The 5250 and 600 cells, respectively, used in (C) were formed by binning the x and y axes in (A)
so as to have rectangles (“cells”) with a mean of 2 dots per cell (see cells formed using 1918 lottery data). O and E: Observed and expected frequencies, both summing to
5250 or to 600. E’s and ranked goodness of fit (G.o.F) statistics are based on the 1000 simulated lotteries.

Their findings were published in the Chicago Tribune
on November 2, under the heading “Flaw in Draft Told”
that spanned the entire first page, in a column with the
heading “Failure to Mix Numbers in Jar Shown by Study:
Capsules in Nests within Bowl.” On an inside page, under
the title “Mathematicians Chart National Lottery and Find
Discrepancies in Drawing of Numbers” was a frequency table
of 45 rows and 90 columns. At this resolution the expected
frequency was 9000 / (45 × 90) = 2.2 per cell. The observed cell
frequencies were shown as tallies, for example, /// /// /// ,
rather than numbers, making it easier to visualize the large
variations in “density.”

Under the heading “Scientists Tell Study of Draft Lottery
Draws: Probabilities Applied to Numbers” Bartky and Stouffer

summarized their statistical study of the draft lottery drawings
as follows

The question is: Were the numbers thoroly [sic] mixed in the
goldfish bowl in Washington, permitting a random drawing?
Or were groups of numbers clustered in nests within the
bowl, preventing a random drawing? The answer must be:
The odds were astronomically high against the theory that
the selection was conducted at random.

They then went on to give examples of these astronomically
high odds. They first focused on the finding that numbers did
“cluster in nests in such a way that the serial numbers in the
groups from 1 to 2400 tended to escape drawing the first 2000
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Figure 1. Scatterplots (A), conditional means (B), and observed and expected cell frequencies (C) based on raw data from WW I lotteries. Instead of using them to estimate
a p-value, the correlations in 1000 simulated lotteries were ranked from smallest (1) to largest (1000), and the reported rank of the observed correlation is its position in
this array; thus a “rank” of 0 means that the observed correlation was smaller than all 1000 simulated correlations. The vertical ranges in (B) are the same as in (A), namely
1 to 10,500 and 1 to 1200, and the means are conditional on the “x” bins. The 5250 and 600 cells, respectively, used in (C) were formed by binning the x and y axes in (A)
so as to have rectangles (“cells”) with a mean of 2 dots per cell (see cells formed using 1918 lottery data). O and E: Observed and expected frequencies, both summing to
5250 or to 600. E’s and ranked goodness of fit (G.o.F) statistics are based on the 1000 simulated lotteries.

Their findings were published in the Chicago Tribune
on November 2, under the heading “Flaw in Draft Told”
that spanned the entire first page, in a column with the
heading “Failure to Mix Numbers in Jar Shown by Study:
Capsules in Nests within Bowl.” On an inside page, under
the title “Mathematicians Chart National Lottery and Find
Discrepancies in Drawing of Numbers” was a frequency table
of 45 rows and 90 columns. At this resolution the expected
frequency was 9000 / (45 × 90) = 2.2 per cell. The observed cell
frequencies were shown as tallies, for example, /// /// /// ,
rather than numbers, making it easier to visualize the large
variations in “density.”

Under the heading “Scientists Tell Study of Draft Lottery
Draws: Probabilities Applied to Numbers” Bartky and Stouffer

summarized their statistical study of the draft lottery drawings
as follows

The question is: Were the numbers thoroly [sic] mixed in the
goldfish bowl in Washington, permitting a random drawing?
Or were groups of numbers clustered in nests within the
bowl, preventing a random drawing? The answer must be:
The odds were astronomically high against the theory that
the selection was conducted at random.

They then went on to give examples of these astronomically
high odds. They first focused on the finding that numbers did
“cluster in nests in such a way that the serial numbers in the
groups from 1 to 2400 tended to escape drawing the first 2000
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Figure 2. Scatterplots (A), conditional means (B), and observed and expected cell frequencies (C) based on raw data from the WW II lotteries. Explanations as in Figure 1.
In (C) a “rank” of 1001 meas that the observed G.o.F statistic was larger than the 1000 simulated G.o.F statistics.

or so draws, with the curious exception of too frequent drawing
of serial numbers in the group 101 to 200.”

For example, no serial number between 300 and 600 was
drawn in the first 2400 draws. (Note blank A on chart on
this page.) By pure chance this would occur less than once
in 150,000,000,000,000,000,000,000,000,000,00,000,000,000
times.
Such an improbability can be translated into everyday expe-
rience in terms of a bridge game. It is even more than the
chances of drawing a hand of 13 spades three times in suc-
cession in a bridge game. The same improbability applies to
the serial numbers from 901 to 1200 [note Blank B on chart]
and an even greater improbability to the numbers 1501 to
1800 (Blank C on chart). The fourth blank, D, represents
the absence of numbers from 2101 to 2400. Considering the
early drawings as a whole the improbability of the results
happening by chance is so great that it would be absurd even
to attempt a numerical calculation.

It is left to readers to try to replicate these probabilities.
Teachers might ask whether such “post-hoc” probability calcula-
tions are legitimate, or examples of a “Texas Sharpshooter” who
first fires shots randomly at the side of the barn and then draws
a bull’s-eye around each of the bullet holes. Bartky and Stouffer
then took a more omnibus view, by “examining the large table,
[where] we can compare the distribution of the actual numbers
as a whole with the numbers expected by chance.”

By the probability theory, only 439 entries in this table would
have been expected to be blank. Actually, 747 of the entries
are blank. Theoretically, only 109 of the entries should have
been higher than 5. Actually, 195 of the entries are higher
than 5. There should not have been more than one or two
cases in the entire table in which as many as four successive
blanks occurred in succession, going down a column.
The actual occurrence of four blanks is so frequent that the
odds against this happening are obviously too enormous to
justify an attempt at exact calculation.

Again, it is left to readers to try to replicate these frequency
calculations. As statisticians, Bartky and Stouffer cautioned that
“An expert making an analysis such as this, based solely on the
theory of probability, can only demonstrate the discrepancies
and cannot say why they occurred.” The extensive video material
now readily available confirms the newspaper accounts that cap-
sules were large and densely packed, mixing during the drawing
was difficult, and some capsules broke open. The Director of
Selective Service, in his report to the President (Selective Service
1942), did acknowledge the clustering. He attributed it to “the
fact that the numbers had been poured [into the bowl] in lots
of a hundred each, and the lateral stirring had not effected
a complete mixing or redistribution of the numbers.” Several
photographs, now easily found online, and at higher resolutions
than the versions published at the time, give a new clue as to
the peculiar pattern: in Figure 3, one can see the plastic “collar”
that was used to extend the historic bowl used in 1917 so that
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Figure 3. Drawing of the fourth number in the 1940 lottery by the (blindfolded) Secretary of the Navy, Frank Knox, with President Franklin Roosevelt (left) looking on. The
image is licensed from http:www.alamy.com. The problems caused by the ad-hoc extension to the bowl used in 1917 are easily seen if one looks carefully at the capsules near
the bottom of the bowl. Photographs of the drawings of the first and fourth numbers are also available at the Library of Congress: https:// www.loc.gov/ item/ 2012648302/
and https:// www.loc.gov/ item/ 2004671493/ .

it could accommodate the—somewhat fewer but—much larger
capsules. It extends down to within a few inches of the bottom
of the original bowl, and prevented the capsules at the bottom
from being reached.

2.2.1. 1941 and 1942
Only 800 numbers were drawn in the 1941 lottery and so the task
was much easier. Nevertheless, the organizers had learned their
lesson. Before they were placed in the bowl the capsules had
been mixed thoroughly by four men who vigorously shook them
in a tarpaulin. For the larger lottery, with 7000 numbers, carried
out in March 1942 (NBC Radio 1942), they were even more
thorough. Newspaper accounts tell that, and now-readily avail-
able online video footage shows that the capsules were premixed
in a glass-walled cylindrical tumbler, and then funneled into the
extended historical bowl. Figure 2 provides visual and formal
statistical evidence of how successful these remedies were.

For those in the last two registrations in WW II, the order
of call was based on men’s birth dates, oldest first, and alpha-
betically in the case of ties. The identification of men by their
birthdays simplified matters but was to create its own statistical
challenges a generation later.

2.3. War in Vietnam

The aims and procedure are well summarized in a recently
de-classified memo (Lynn 1969) to the then National Security
Advisor soon after the 1969 lottery,

The basic purpose of the lottery system is to reduce the
uncertainty faced by a potential draftee by assigning him a
definite rank in the order of call. The means used to assign

this rank is a random selection of birthdays (1–366). The
induction of individuals follows this order of birthdates. This
new system is intended to be different from the old system
in three principal respects: it selects persons randomly by
age rather than “oldest first”; it assigns a definite rank order
of induction to an individual rather than forcing him to
guess when he will be called; it also limits the liability of the
registrant to one year rather than six years. […]
The first lottery drawing was held on December 1 [1969] by
the Selective Service. [It] placed 366 balls in a jar, stirred
them with a paddle, and then selected them one by one to
determine the order of call [for] each of the 850,000 eligible
registrants in the eligible pool. At that time, the Pentagon
stated that the lower two-thirds (1–244) of the draw faced
military service while those in the upper third (245–366)
would almost certainly not be called.

The drawing was broadcast live by the CBS television net-
work (CBS News 2013); clips from the broadcast can be found
online, and in the original Against All Odds series (Annen-
berg/CPB Project 1988, Program 8).

In Figure 4(A), the x axis gives the order in which the
birthdays were drawn out, and y the 366 birthdays. I have
presented these 3 scatterplots (with the axes reversed) to several
classes of students over the last 40 years, but few notice any
nonrandomness, even if I ask them to look specifically at the
1969 plot. The striking exception was the year the class included
a radiologist, who instantly noticed “a defect in the upper right
quadrant.”

Statisticians seldom have enough visual acuity to directly
see the signals through the noise. So they use statistical
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Figure 4. Scatterplots (A), conditional means (B), and observed and expected cell frequencies (C) based on raw data from the first three Vietnam War era lotteries.
Explanations as in Figure 1. Each black dot in (B) is a mean(y|x); each red dot is a mean(x|y), the more commonly used conditioning in previous analyses of these data. (The
12 red means from the 1969 data were plotted as a bar graph in the New York Times.) The 12 × 12 = 144 cells in (C) are formed from the 2-way grid using x- and y-intervals
of length 31, 28(29), 30, . . . , 31. Expected numbers and ranks are based on 1000 simulated lotteries. The three datasets are provided in the article by Starr (1997), which
also provides a valuable set of primary and secondary print sources.

summaries, such as—in this application—the correlations
shown below the scatterplots. They also use various levels
and methods of smoothing, such as the conditional means
shown in Figure 4(B), or fitted lines (Fienberg 1971, 1973), or
a median trace (Annenberg/CPB Project 1988; Moore 1999).
Once shown the correlation of −0.23 or the smoothed line,
students understand why, in the cartoon (Moore 1979) showing
two American soldiers in the Vietnam jungle, one remarks to
the other, “So you were born in December too, eh??” The fact
that the test for lumpiness gave no indication of a problem can
be used to emphasize that are many types of departure from
randomness, and that different tools are sensitive to different
types. Interestingly, students tended to “see” greater departures
from randomness in the 1970 and 1971 lotteries than in the 1969
lottery, even though the various test statistics show otherwise.
[The data from the 1969–1971 and the “just in case” 1972–1975
lotteries (Burkardt 2019)—conducted after the transition to an
all-volunteer force—but with the 7 years de-identified, would be
an interesting test of students’ visual and data-analysis skills.]

Given the difficulty of seeing the nonrandomness in the raw
data from 1969, one might wonder how quickly it was noticed at
the time, and by whom. The earliest written account of “citizen”
recognition that I have located appeared on Saturday December
6 (Ann Arbor News 1969) under the title “Draft Lottery Called
Statistically Unfair” It reported that

The draft lottery is statistically unfair and will result in twice
as many men born in December being drafted as those born
in January, Dr. Fred T. Haddock, one of the University’s most
distinguished scientists said yesterday. Haddock, director of
the U-M Radio Astronomy Observatory and an internation-
ally recognized leader in his field, concluded the draft lottery
is “not random” after working on the problem with the aid of
mathematicians over the past several days.

“The draft lottery is definitely not random. Inspection of
the lottery results clearly shows a systematically increasing
number of men being drafted as their birth date falls later in
the year. The odd against this trend resulting from random
selection are over 100,000 to 1. For example, twice as many
men with December birth dates will be drafted compared to
those having January birth dates.

“This can easily be seen by plotting the average monthly draft
number from January through December. The plot gives a
nearly linear decrease in average draft number (increasing
draft risk) with the date of birth. It is as if the capsules
containing the birth dates were placed in the glass bowl in
monthly order with January on the bottom and December on
top and mixed too little for a random mixture to be obtained.

“The monthly average draft numbers from January to
December are approximately: 201, 203, 226, 204, 208, 196,
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Figure 4. Scatterplots (A), conditional means (B), and observed and expected cell frequencies (C) based on raw data from the first three Vietnam War era lotteries.
Explanations as in Figure 1. Each black dot in (B) is a mean(y|x); each red dot is a mean(x|y), the more commonly used conditioning in previous analyses of these data. (The
12 red means from the 1969 data were plotted as a bar graph in the New York Times.) The 12 × 12 = 144 cells in (C) are formed from the 2-way grid using x- and y-intervals
of length 31, 28(29), 30, . . . , 31. Expected numbers and ranks are based on 1000 simulated lotteries. The three datasets are provided in the article by Starr (1997), which
also provides a valuable set of primary and secondary print sources.

summaries, such as—in this application—the correlations
shown below the scatterplots. They also use various levels
and methods of smoothing, such as the conditional means
shown in Figure 4(B), or fitted lines (Fienberg 1971, 1973), or
a median trace (Annenberg/CPB Project 1988; Moore 1999).
Once shown the correlation of −0.23 or the smoothed line,
students understand why, in the cartoon (Moore 1979) showing
two American soldiers in the Vietnam jungle, one remarks to
the other, “So you were born in December too, eh??” The fact
that the test for lumpiness gave no indication of a problem can
be used to emphasize that are many types of departure from
randomness, and that different tools are sensitive to different
types. Interestingly, students tended to “see” greater departures
from randomness in the 1970 and 1971 lotteries than in the 1969
lottery, even though the various test statistics show otherwise.
[The data from the 1969–1971 and the “just in case” 1972–1975
lotteries (Burkardt 2019)—conducted after the transition to an
all-volunteer force—but with the 7 years de-identified, would be
an interesting test of students’ visual and data-analysis skills.]

Given the difficulty of seeing the nonrandomness in the raw
data from 1969, one might wonder how quickly it was noticed at
the time, and by whom. The earliest written account of “citizen”
recognition that I have located appeared on Saturday December
6 (Ann Arbor News 1969) under the title “Draft Lottery Called
Statistically Unfair” It reported that

The draft lottery is statistically unfair and will result in twice
as many men born in December being drafted as those born
in January, Dr. Fred T. Haddock, one of the University’s most
distinguished scientists said yesterday. Haddock, director of
the U-M Radio Astronomy Observatory and an internation-
ally recognized leader in his field, concluded the draft lottery
is “not random” after working on the problem with the aid of
mathematicians over the past several days.

“The draft lottery is definitely not random. Inspection of
the lottery results clearly shows a systematically increasing
number of men being drafted as their birth date falls later in
the year. The odd against this trend resulting from random
selection are over 100,000 to 1. For example, twice as many
men with December birth dates will be drafted compared to
those having January birth dates.

“This can easily be seen by plotting the average monthly draft
number from January through December. The plot gives a
nearly linear decrease in average draft number (increasing
draft risk) with the date of birth. It is as if the capsules
containing the birth dates were placed in the glass bowl in
monthly order with January on the bottom and December on
top and mixed too little for a random mixture to be obtained.

“The monthly average draft numbers from January to
December are approximately: 201, 203, 226, 204, 208, 196,
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Figure 5. Toy example illustrating the setup of, and a realization from, the “4 randomizations (R1 to R4) and 2 drums” procedure used in the 1970–1975 draft lotteries.
Randomizations R1 and R2 (see text) determined the order in which the birthdays and the call up numbers were placed in the 2 respective drums. Randomizations R3 and
R4 determined the order in which they were drawn from them. The significance of the 8 birthdays is left for readers to determine.

the other contains n capsules containing the numbers 1 to n.
In the toy example, the random permutations R1 and R2 were
carried out using the sample function in R; the real ones
were carried out using 2 printed tables of n = 366 random
numbers selected randomly from several such tables. In the
toy example, the random permutations R3 and R4 were again
carried out inR; in the real one, they were carried out by rotating
the two drums for at least 30 min, and having individuals
pick out capsules at random. “Each time a red (birth date)
capsule was drawn, a green one (number) was picked, and the
date and the number were matched. A man’s place in the draft
sequence was determined by the number that was matched with
his birth date.” There “appeared to be little doubt that the draw-
ing had resulted in a random selection” (Rosenbaum 1970b).
The actual results seen in Figure 3 are what one would expect
from a system with this number of separate protections against
failure.

The New York Times accounts of the 2-drum lotteries of
71.08.05, 72.02.02, 73.03.08, 74.03.20, and 75.03.12 mention the
preloading based on tables of random numbers, the shorter
lengths of time the drums were rotated, and 1 min rotations
after every 20 draws. Students can use the consolidated dataset
provided to check the results.

Some years later (Tarr 1981), an academic who led the reform
of the Selective Service System and the draft lottery relayed the
verdict of a committee of statisticians he asked to review the new
system.

Listening carefully to what we had done, they approved.
Later, Al Bowker, my friend from Stanford, [one of the
founders of its Department of Statistics] summed it up best:
“A clear case of statistical overkill!”

At the time, the Selective Service had to be thorough.
“Overkill it was. But it was not the only time that we had to
take extreme precautions to insure equitability in the draft; to
erase the negative image of the System we had inherited, we had
to continually reinforce an image of absolute fairness. This was
one of the many lessons we learned in our two years.”

3. 1569–2019: Back to the Present

The Selective Service System (2019) now shows on its web-
site https://www.sss.gov/About/History-And-Records/Selective-
Service-Lottery the contingency plan for the lottery that would
be conducted today “if and when the Congress and the President
[were to] reinstate a military draft.” It retains the two-drum
system used in the 1970s, but uses two large air mix drums,
similar in principle to those used to draw Bingo balls. As
Figure 6 shows, the balls have the birthdays and the call-up-
sequence numbers written on them. There is no mention of
using randomizations R1 and R2 to load them into the two
“Titan drawing machines” before proceeding to R3 and R4.
Presumably, the improvements in mixing technology have
reduced the need for the statistical overkill of the early 1970s.
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Figure 6. In readiness for another Selective Service Lottery, https:// www.sss.gov/
About/ History-And-Records/ Selective-Service-Lottery. The image is reproduced with
the permission of the Selective Service System agency.

Statistical procedures designed to be less sensitive to devi-
ations from the assumptions of conventional statistical proce-
dures have come to be called “robust.” The term “doubly robust”
or “doubly protected” estimator emerged more recently (Bickel
and Kwon 2001, p. 921) in the context of a pair of models that
describe different aspects of nonexperimental data used to esti-
mate causal “effects.” Only one of the two models need be correctly
specified to obtain an unbiased effect estimator. We might apply
the same terminology to the draft selection procedures. Those
in WW I and II were doubly robust locally, and multiply robust
nationally. The 1969 procedure was not at all robust; the 1970–
1975 procedures were “quadruply” and the 2019 procedure is
“merely doubly” robust.

Although “high-tech,” the 2019 procedure employs the
“double-drawings” principle used in lotteries in medieval Venice
(Schwartz 2006, p. 86). These were created by merchants to get
rid of their stale goods or valuable items for which they could
not find a purchaser. The procedure was quickly adopted by the
Venetian Republic.

Tickets were not numbered. Instead, each bettor wrote
his/her name or personal motto on a slip of paper, which
went into one urn. Into the other urn went slips of paper
bearing the word “patientia,” patience, meaning “better luck
tomorrow,” or precio, prize and a description of the prize won.
Blindfolded orphans selected winners by simultaneously
drawing slips from each urn. The draw, which did not end
until all tickets had been pulled and matched, could take as
long as eleven days.

This Venetian model was used in England’s first lottery (The
History Press 2019) held 550 years ago, in 1569, and organized
directly on the order of Queen Elizabeth I. Promoted as “A very
rich lotterie generall without any blankes,” every ticket buyer
“won something” and the remaining proceeds were to go to the
upkeep of harbors and defenses. The organizers simultaneously
drew the names from one receptacle (“wheel”), and the prizes
from another. The drawing of the 400,000 pairs took place at
the west door of St Paul’s Cathedral, ran 24/7, and took almost
4 months to complete.

This cumbersome 2-drum system was gradually replaced
by a more efficient Genoese system, the forerunner of today’s

single-urn “6/49-type” lottery (Bradley 2001). However, now
that speed is no longer a limiting factor, the 2-drum lottery con-
tinues to provide a valuable and transparent statistical backstop
in social affairs where “an image of absolute fairness” is the over-
riding concern.

Data: The single dataset provided contains not only the con-
solidated data for the 8 lotteries considered above, but also the
(limited) data from the (unused) September 1918 lottery, and
the 1972 to 1975 “just in case” lotteries.

Other historical material: Additional newspaper articles,
images, audio and video clips are available from the author,
and via the link on his homepage, http://www.biostat.mcgill.ca/
hanley.
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• Introduction

• Before 1900

• deMoivre 1718, and Poisson 1837
• Newcomb 1860
• Clausius to Bortkewitsch, 1858-1898

• Early 1900s

• The Distribution of Objects in Space/Volumes, Gosset 1907
• Counting Events in Time, Rutherford-Geiger-Bateman 1910
• Poisson↔Exponential Distrn’s, Marsden-Barratt 1910-1911
• The Minimalist Derivation by Danish Engineer Erlang 1909

• Formal Entry | Reception | Warnings

• Soper 1914
• Objections: Whitaker, Student 1919, Keynes 1921
• “Extra-Poisson” Variation in Bacteriology: Fisher 1922
• Extra Variation in Human Counts: Erlang’09; Student’19
• An Early Extra-Poisson Model: Greenwood and Yule 1920

• A Broader View: Applications Involving Human Activities/Behavior

• Feller’s ’50 Story, Revised by More Recent “Bigger” Picture
• Avoiding “Fake Standard Errors”

• In Conclusion
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