
JMP Discovery Summit Europe 2023



Overview

2Revisiting Pearl’s influenza studies using JMP®

• The “Spanish Flu” pandemic

• Pearl’s influenza studies I and II                                   1879-1940

• Pearl’s data and Census data 

• Variable selection with null factor and bootstrap simulation

• Discussion of results

• Conclusion



The Spanish Flu pandemic (1918-20) 

• One of the deadliest pandemics ever 
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https://www.visualcapitalist.com/hi

story-of-pandemics-deadliest/

https://www.visualcapitalist.com/history-of-pandemics-deadliest/
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Physics class, University 

of Montana, Missoula, 

1919

https://www.theatlantic.com/photo

/2018/04/photos-the-1918-flu-

pandemic/557663/
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The Spanish Flu pandemic

• One of the deadliest pandemics ever 

• Three waves occurred:
• March 1918: started in the US, and spread to Europe and the rest of the world

• August 1918: started in France, and spread rapidly to the rest of the world; coincided
with the end of WWI

• Beginning of 1919: some countries were hit by a third wave

• The second wave was the most deadly

• The world death toll ranged between 20 and 45 million people (or more)
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Three waves of the Spanish Flu pandemic in the US
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https://www.cdc.gov/flu/pandemic-resources/1918-commemoration/three-waves.htm

Winter

Fall

Spring
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The Spanish Flu pandemic

• One of the deadliest pandemics ever 

• Three waves occurred:
• March 1918: started in the US, and spread to Europe and the rest of the world

• August 1918: started in France, and spread rapidly to the rest of the world; coincided
with the end of WWI

• Beginning of 1919: some countries were hit by a third wave

• The second wave was the most deadly

• The world death toll ranged between 20 and 45 million people (or more)

• Most casualties occurred in India (12-20 million) and China (4-9.5 million)

• Many young adults died (W-pattern of mortality) 
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Jeffery K. Taubenberger and 

David M. Morens (2006), 

“1918 Influenza: the Mother 

of All Pandemics”, Emerging 

Infectious Diseases, 12(1): 19.



• Epidemiologists and historians of epidemiology have applied statistical
analysis to the Spanish Flu pandemic

• A few examples:
• Mamelund (2003): mortality among ethnic minorities in Norway

• Markel et al. (2007): effect of non-pharmaceutical interventions in US cities

• Mamelund (2011): the influence of geographical isolation

• Clay, Lewis and Severnini (2019): cross-city variation in 438 US cities

• Basco, Domènech and Rosés (2021): mortality in Spanish provinces
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Related literature
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Data for  
Pearl I (1919) 
– 39 US cities

Demographics

Response
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Data for  
Pearl I (1919) 
– 39 US cities

Death rates for 1916

Response
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Updated variables in Pearl II (1921) – 34 US cities

+ Excess mortality rate as measured by the “destructiveness” variable
2 responses

Demographics

Death rates averaged
over 1915-1917
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https://www.census.gov/programs-surveys/decennial-

census/decade/decennial-publications.1910.html
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Additional data

https://www.census.gov/programs-surveys/decennial-census/decade/decennial-publications.1910.html
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Pearl’s
analysis of 
(partial) 
correlations



Variable selection with null factor and 
bootstrap simulation
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Controlling the type-I error rate using Wu, Boos and Stefanski (JASA, 2007):



• We included a single null factor in the model and performed 2500 
bootstrap replicates for variable selection using JMP

• We calculated the proportion of times each variable enters the model

• Variables that enter as often or less than the null factor are ignorable
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Null factor and bootstrap simulation



Null factor and bootstrap simulation

21Revisiting Pearl’s influenza studies using JMP®

Bootstrap frequency column
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Poisson Goodness of Fit test in the 
Generalized Linear Model platform
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Poisson regression Normal regression
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Forward   
variable selection
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Bootstrap simulation
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Selected variables
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Selected variables (without DR All Causes) 

Highly
correlated with
DR All Causes
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• Poisson Forward Selection model for I5

• Pearl I

e0.01486 = 1.0149 
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• Poisson Forward Selection model for I6

• Pearl II
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• Normal Forward Selection model for Destructiveness

• Pearl II
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Conclusion

• Pearl’s data sets are very tiny and observational with multicollinearity

• George Box: “All models are wrong, but some are useful”
• Pearl’s correlation analysis and our null factor analysis are useful, but not magical

• Pearl’s first analysis is not fully supported (and he knew it !)

• We selected satisfactory models in a sequential manner:
1. We included Pearl’s variables 

2. We retained the selected variables

3. We included Pearl’s selected variables from 2. together with new 1910 Census variables

4. We retained all selected variables
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