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1. Introduction (I) 
George Box is one of the five greatest statisticians of all times 
according to Kotzs and Johnson book, Breakthroughs in 
Statistics I and II.  
Number of contributions: 

• Fisher:   3 (Foundation of MS,22; SMRW,25; DE, 26)
• Box 2  (EO,51; TS, 62)
• Hotelling 2 (T, 31; CC, 36)
• Neyman: 2 (HT, 33; Sampling, 34)
• Wald 2 (Sequential, 45; SD,49) 

Note: After Vol III,  Rao, Tukey and Smith are added with 2 contributions
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• Evolutionary operation (EO) opened
the field of Industrial statistics, 
adapting Fisher  approach of
experimental design for industry and 
moving the field from the control charts 
by Schewart, to process improvement.

• His work with Jenkins on Time series 
has a huge influence in statistics and 
econometrics and changed the way to
model dynamic dependent data. 
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2. George Box’s life

18 October, 1919 – 28 March, 2013

and

Some personal memories
(1976 - 2013)
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Periods of George Box’s life

1. Youth and Education (28 years, 1919-1947)
2. Working in Industry (8 years, 1948-1956)
3. Princeton (3 years 1956-1959)
4. U Wisconsin-Madison (32 years 1960-1992)
5. Emeritus, Center for Q&P Madison (21 years, 

1992-2013) 
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2.1 Youth and Education (1919-1947) 
(I)

• Born was as the last child into a working
family

• He was born colorblind
• At 16 started working as assistant in a 

chemical company and studied an external
degree in Chemistry at London University

• Second World War, he is 20 and enrolls in 
the Army.

• He was sent to Chemical Defense
Experimental Station near London.  
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2.1 Youth and Education (1919-1947) (II)

9

• Need statistics for the experiments on the
effect of poison on animals and starts
reading Fisher.

• Sent by the Army to ask Fisher’s advice on
experimental design. 

• After the war, B. Goverment’s grant for
soldiers admitted in Universities. Box  to
studies statistics under E. Pearson. B.Sc
Statistics University London 1947, (18 
months instead of 3 years)

• Met Jessie in the Army and married, 1945.



2.2 Industry : Statistician at ICI (1948-1956)

• Box and Wilson (1951) "On the experimental 
attainment of optimum conditions" JRSSB

• Ph.D. Statistics, 1952, London University

• Evolutionary Operation and Fractional
Factorial Designs
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Evolutionary Operation and Industrial 
Statistics at ICI

Instead of a variable at a time move all of them jointly, as suggested by
Fisher, with factorial desings. With many variables,  apply fraccional 
factorial designs
Make experiments in a continuos way improving the process when it is
working. A process gives a product, but also information about how to
improve it
Study the response surface as a non linear, may be  quadratic function, 
and simplify the analysis using linear transformations of the variables.

Established Industrial Statistics, started by Walter A. Shewhart, of Bell 
Telephone Laboratories in 1924 with control charts, adding to process 
control by observations, process improvement by experimentation.
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Invited to North Carolina (1953-54)

• His landmark paper with Wilson in JRSS (first rejected
and published thanks to Barnard) lead to Stu Hunter, 
graduate student there of G. Cox, to promoted his
invitation.

• Went to NC on one year leave from ICI.
• Visited Princeton and met John Tukey.
• Enjoyed living in the US with his family (Jessi, Henry).
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2.3 Princeton : Director of Statistical
Research Group (1956-59)

• Industrial Statistics and Experimentation with Bill Hunter
• Control and forecasting time series with Jenkins
• Divorced Jessie and married Joan Fisher 
• With S. Hunter and  C. Daniel founded Technometrics, 

1959.
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2.4 U Wisconsin-Madison (1960-1992) 
1st period: 1960/70

• "Some statistical aspects of adaptive 
optimization and control" (with Jenkins,1962), 
JRSSB

• "An analysis of transformations" (with Cox, 
1964), JRSSB. 

• Evolutionary Operation-A statistical method for 
process improvement, 1969 (with Draper). 

• Time Series Analysis Forecasting and Control 
(with Jenkins, 1970) Holden-Day.
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U Wisconsin-Madison(1960-1992) 
1st period:1960/70

• As Director of the Department for 8 years attract many good 
people:  D. Rubin, G. Tiao, B. Hunter, I. Guttman, N. Draper, 
G. Wahba, and many others

• No experience with teaching: “I Always looked at George 
Tiao’s face"

• Joint appointments of statistics and other departments: 
engineering, economics, … 

• Advice: “Get excellent people; concentrate on the people and 

not so much on the subject”
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2.4 U Wisconsin-Madison (1960-1992)
2nd period: 1970/80

• Bayesian Inference in Statistical Analysis,  1973 (with
G.C. Tiao). 

• Statistics for Experimenters,1977 with W.G. Hunter and 
J.S. Hunter, (more than 165,000 copies sold, traducido
al español en UPC). 

• The statistic department UWM starts being more 
theoretical and George moves to the Mathematical 
Research Center.

• To promote applications starts the Monday Night Beer
and Statistics seminar in the basement of his home in 
Madison.
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2.4 U Wisconsin-Madison (1960-1992)
2nd period: 1970/80

• With G.C. Tiao, "Intervention analysis with 
applications to economic and environmental 
problems" J. Amer. Stat. Assoc, 1975. 

• With G.C. Tiao, "A canonical analysis of multiple 
time series"  Biometrika, 1977.

Many Honors

• 1972: Wilks Memorial Medal
• 1974 Fellow of American Academy of Arts & 

Sciences
• 1978 President, American Statistical Association
• 1979 President, Institute of Mathematical Statistics 
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Some personal memories 1970/80

• Meeting in Cambridge 
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Some personal memories 1970/80

• Meeting in Cambridge in Time series 1976.
(Arthur Treadway introduced BJ methods in Spain, Seminar in EOI)

• First International Meeting held in Valencia (Spain) May 
28 to June 2, 1979.

(Jose Miguel Bernardo invited George Box
to Spain for the first time to the 1st Bayesian Meeting)

• First course  of George Box and George Tiao in Spain, 
Madrid. 1980. 

(DP invited GB to give a course in Madrid and he
came with GTiao.  Agustín Maravall
knew them from UWM and helped in the course)
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2.4 U Wisconsin-Madison (1960-1992)
3rd period: 1980/92

• Leader of the Quality Movement (Center for Quality and productivity Improvement, 
1985, UWM)

• Empirical Model-Building and Response Surfaces, 1987 (with N.R. Draper). 

• In 1988 the American Society for Quality started Quality Engineering and GB often
published there to help the journal. 

Many honors

• 1985: Elected Fellow of The Royal Society;
• 1989: Youden Prize;
• 1989: Deming Medal;
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• George Box in Barcelona invited by Albert Prat, 1982.

• DP invited by GB as Visiting Professor, Mathematics
Research Center, U. Wisconsin-Madison 83/84.

• Xavier Tort was studiying a Master at UWM.

• Work with GB  on last time series paper (with DP) 
"Identifying Simplifying Structure in Time Series" 
(1987), JASA.

• Attended the Monday Night Beer and Statistics
George’s seminar, work with Kitchell, 1984.

• George divorced from Jane.
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Some personal memories 1980/92
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• Attended 65th Birthday GB, 1985. Meeting 25th years
Department Statistics Madison. George with Claire.  

• Box focus on Quality and  Taguchi ideas at Center for
Quality and Productivity with Bill Hunter.  

• GB invite Albert Prat as Visiting Professor UWM 85 o 
86?.

• In 85/92 George made several visits to Madrid and 
Barcelona (including AlbertP and TinaR wedding in 
1986). Xavier Tort translates to Spanish SE and Josep 
Ginebra go for Ph.D. at UWM



2.5 Emeritus (1992-2013)
• Statistical Control by Monitoring and 

Feedback Adjustment, John Wiley & 
Sons, 1997 (with A. Luceño).

• An Accidental Statistician, March 2013.

More Honors
• 1993: Gold Medal of the Royal Statistical 

Society 
• 1993, 97, 2007,2010: American Society 

for Quality Control Brumbaugh Award ;
• Honorary Doctorates (Rochester,75; 

Carnegie Mellon 89 and Universidad 
Carlos III de Madrid, 95).

23

1997 Brumbaugh award



Some personal memories, (1992-2013) 
1995
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Some personal memories, (1992-2013)
1995
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• Alberto Luceño visited Madison, 1991/92
• GB and Claire visited Santander in 95/96 and 98/99 with

Alberto and Marian.
• Josep Ginebra finished Ph.D UWM.  Albert Prat died, in 

2005.  . 
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1999: Birthday party in Chicago 
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• 1999 Party in Chicago 80th Brirthday



Some personal memories (1992-2013)

• Last visit to George Box: He 
received me with the Ph.D gown.

• I drove from Chicago where I 
participated in Tiao’s 75th 
birthday in 2008 (George was 87 
and  in very good mood)

• I talked to him after this by phone
several times and also with
Claire for his last book An
accidental statistician. 
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Obituary: George Box (1919-2013) “We remember not only 
his brilliance, but also his wit, skits, and storytelling”
23rd April 2013
George Edward Pelham (G.E.P.) Box, “George”, or 
“Pel” (for those very close to him), passed away on 
Thursday, March 28, 2013 at home at the age of 93. 
He was one of the greatest statistical minds of the 
20th century, shared his wisdom with many and will 
be missed by many.
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3. Contributions to Statistics
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4. Pioneering Data Science

1) Statistics is learning from data by iterative
experimentation.

2) Learning from a combination of models,  
instead of a single one, correct model.

3) Data reduction by linear transformations.
4) Use transformation for non linearity.
5) Estimate non linear responses by an iterative

gradient algorithm.
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Wegman (1992):  BJ anticipated the attitude and approach to data analysis that 
we think of as contemporary data analysis



4. 1 Statistics: Learning from data by iterative
experimentation
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4.2 From single model to several models
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• Box was a pioneer in introducing several models in statistics, for
response surfaces and for outlier analysis.

• First in ICI. Process change with time and we have to adapt the
conditions to this. The response model is different in different áreas 
of the explanatory variables. EVOP is designed to find the maximun
output on changing conditions. 

• Today, in our phone or in social networks automatic design of
experiments using EVOP ideas are use to influence our behaviour.

• Analysis of data heterogeneity leads to outlier analysis, mixtures of
models and clusters. Pioneer with Tiao (1968) in outlier detection
with mixtures from a Bayesian point of view. Big data are 
heterogeneous

• Changes over time lead to time series integrated process: some
derivative is stable or stationary. 



4.3 Data reduction by linear combinations
(LC)
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• Hotelling introduced LC for static data, PC. 
• In time series BT linear combinations of maximun

predictability (BT,Bka. 1970 )
• Factor models for forecasting large sets of time series 

(PB, JASA,1987)
• Today LC of many variables is the basis of Neural 

Networks and Deep Learning
• Linear combination of predictions
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h=f( ∑p(i)X(i) )     f activation function non linear

g=f(∑w(i)h(i))

Prediction=g(∑a(i)g(i))   Usualy f for Class, linear for
Prediction

A Dynamic Factor model is a NN with one layer and linear response 



4.4 Model non linearity by a 
transformation

• Instead of y=∑𝑖𝑖=1
𝑝𝑝 𝑏𝑏𝑖𝑖𝑥𝑥𝑖𝑖

think of g(y)= ∑𝑖𝑖=1
𝑝𝑝 𝑏𝑏𝑖𝑖𝑥𝑥𝑖𝑖 where g(y) belongs

to Box-Cox transformations. Then,  
y=𝑔𝑔−1(∑𝑖𝑖=1

𝑝𝑝 𝑏𝑏𝑖𝑖𝑥𝑥𝑖𝑖).
Same idea in NN instead of ℎ= ∑𝑖𝑖=1

𝑝𝑝 𝑏𝑏𝑖𝑖𝑥𝑥𝑖𝑖
use ℎ= g(∑𝑖𝑖=1

𝑝𝑝 𝑏𝑏𝑖𝑖𝑥𝑥𝑖𝑖) 𝑤𝑤ℎ𝑤𝑤𝑤𝑤𝑤𝑤 𝑔𝑔 is the activation 
function 
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4.5 Non linear response and non linear 
estimation by gradient descent

BW’52  proposed a non linear response function and a  
gradient descent algorithm to reach the maximun with
EVOP.
BJ’61 generalized this idea for dynamic systems that
change over time and to estimate ARIMA models. 
The key idea of estimation of NN is back propagation
based on a Least squares gradient algorithm and back 
propagation going back from the network.
BJ proposed a first way to do back propagation to estimate
the unobserved residuals of the model
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Conclusions (I)

• Great influence in shaping applied statistics
Bayesian and Likelihood are both needed; Estimation and 
Diagnosis and model cheking, 
Iterative model building,
Data transformations (with Cox), 
Data heterogeneity and Robust procedures (with Tukey),
Bayesian analysis (with Jeffreys and Tiao),
Mixtures of Models (with Tiao),
ARIMA time series (with Jenkins) and Multiple time series 
(with Yule, Quenouille and Tiao).
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Conclusions (II)

• Pioneer in methods for big data analysis:

Deal with non lineartity with gradient estimation, 
transformation and model changes
With many variables use linear combinations,
Emphasize model for prediction, 
Learing by iterative divide and conquer strategies
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Conclusions (II)

Data oriented teaching of statistics

• Teach Statistics as a scientific discipline, 
emphasize project work and avoid mathematics
for the sake of it.

• Teach Statistics as the key tool for scientific
learning and apply it to all stages of the process.
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