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The Gibbs sampler



The Gibbs distribution Gibbs 1902

• probability distribution, or measure, for complex system
also called Boltzmann distribution; Stigler

• density function
f (x) =

1
Z

exp{−βE(x)}

E(·) is the energy function
x is a state of the system

β is called (inverse) temperature

• partition function
Z = Σx exp{−βE(x)} ∫

x exp{−βE(x)}dx

• used in statistical physics, quantum mechanics, probability theory, statistical
modelling, machine learning, ... E(x; θ), Z = Z(β, θ)
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The Gibbs Sampler Geman & Geman, 1984

“we introduce a stochastic model for the original image, based on the Gibbs distribution,
and a new restoration algorithm, based on stochastic relaxation and annealing”

“the computational problem is overcome ...
with a sampling method that we call the Gibbs Sampler.
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... Gibbs Sampler Geman & Geman, 1984

“ When Don and I were growing up it was a standard
go-to for mother’s day, valentine’s day, or just an
old-fashioned ”I’m sorry.” We were sitting together
writing our paper on the Bayesian approach to image
processing and wondering what to call that particular
version of stochastic relaxation. Don mentioned the
Whitman’s Sampler. It was the perfect metaphor.”
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... Gibbs Sampler Geman & Geman, 1984

• the Gibbs sampler is one of a wide range of Markov chain Monte Carlo algorithms

• from 1990 onward these revolutionized statistical inference
• replacing di�cult integrals with finite sums over computer-generated points

• led to an explosion of applications of Bayesian inference in complex problems
Gelfand & Smith, 1990; Casella & George, 1992

• and to a wealth of interesting mathematical, statistical, and probabilistic questions
which themselves lead to new applications

• and to a new generation of computational approaches to statistical science
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“What’s new in statistics?”



Enrollments are sky-rocketing
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Enrollments are sky-rocketing

Gibbs Lecture 2020 7



Enrollments are sky-rocketing Am. Stat. News 2019
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Statistical science is looking outwards

• biostatistics
• spatial modelling
• machine learning (with CS)
• visualization (with CS)
• demography (with Sociology)
• astrostatistics (with A and A)
• ethics (with Philosophy)
• cognitive neuroscience

(with Pyschology)
• data science (with iSchool)
• financial insurance
• actuarial science
• teaching streamGibbs Lecture 2020 9



New York Times, August 2009
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Big Data 2015 Thematic Program

This thematic program emphasizes 
both applied and theoretical aspects of 
statistical inference, learning and models 
in big data. The opening conference will 
serve as an introduction to the program, 
concentrating on overview lectures and 
background preparation. Workshops 
throughout the program will highlight 
cross-cutting themes, such as learning and 
visualization, as well as focus themes for 
applications in the social, physical and life 
sciences. It is expected that all activities 
will be webcast using the FieldsLive 
system to permit wide participation. Allied 
activities planned include workshops at 
PIMS in April and May and CRM in May 
and August.

JANUARY 12 – 23, 2015 

Opening Conference and Boot Camp

Organizing Committee:  Nancy Reid (Chair), Sallie Keller, Lisa Lix, Bin Yu

JANUARY 26 – 30, 2015

Workshop on Big Data and Statistical Machine Learning

Organizing committee: Ruslan Salakhutdinov (Chair), Dale Schuurmans, Yoshua Bengio, 
Hugh Chipman, Bin Yu

FEBRUARY 9 – 13 , 2015

Workshop on Optimization and Matrix Methods in Big Data

Organizing Committee: Stephen Vavasis (Chair), Anima Anandkumar, Petros Drineas, 
Michael Friedlander , Nancy Reid, Martin Wainwright

FEBRUARY 23 – 27, 2015

Workshop on Visualization for Big Data: Strategies and Principles

Organizing Committee: Nancy Reid (Chair), Susan Holmes, Snehelata Huzurbazar,
Hadley Wickham, Leland Wilkinson
				            MARCH 23 – 27, 2015

Workshop on Big Data in Health Policy

Organizing Committee: Lisa Lix (Chair), Constantine Gatsonis , Sharon-Lise Normand

			                   APRIL 13 – 17, 2015

Workshop on Big Data for Social Policy

Organizing Committee: Sallie Keller (Chair), Robert Groves, Mary Thompson  
 
				          JUNE 13 – 14, 2015

Closing Conference

Organizing Committee: Nancy Reid (Chair), Sallie Keller, Lisa Lix, Hugh Chipman, 
Ruslan Salakhutdinov, Yoshua Bengio, Richard Lockhart 
to be held at AARMS of Dalhousie University

Yoshua Bengio (Montréal)

Hugh Chipman (Acadia) 

Sallie Keller (Virginia Tech) 	

Lisa Lix (Manitoba)

Richard Lockhart (Simon Fraser)

Nancy Reid (Toronto)

Ruslan Salakhutdinov (Toronto)

ORGANIZING COMMITTEE 

INTERNATIONAL ADVISORY 
COMMITTEE 

Constantine Gatsonis (Brown)

Susan Holmes (Stanford)

Snehelata Huzurbazar (Wyoming)

Nicolai Meinshausen (ETH Zurich)

Dale Schuurmans (Alberta)

Robert Tibshirani (Stanford)

Bin Yu (UC Berkeley)

PROGRAM

JANUARY TO APRIL 2015

Large Scale Machine Learning

Instructor: Ruslan Salakhutdinov (University of Toronto)

JANUARY TO APRIL 2015

Topics in Inference for Big Data

Instructors: Nancy Reid (University of Toronto), Mu Zhu (University of Waterloo)

GRADUATE COURSES

THE FIELDS INSTITUTE FOR RESEARCH IN MATHEMATICAL SCIENCES
222 College Street, Second Floor, Toronto, Ontario, M5T 3J1 

 www.fields.utoronto.ca • 416-348-9710

T H E  F I E L D S  I N S T I T U T E

B I G 
DATA

THEMATIC PROGRAM ON  
STATISTICAL INFERENCE,   
LEARNING, AND MODELS FOR 

For more information, allied activities off-site, and registration, please visit:
www.fields.utoronto.ca/programs/scientific/14-15/bigdata

Image Credits: Sheelagh Carpendale & InnoVis

JANUARY - JUNE, 2015
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Data Science 2018 Recap Workshop

THE FIELDS INSTITUTE FOR RESEARCH IN MATHEMATICAL SCIENCES
222 College Street, Second Floor, Toronto, Ontario, M5T 3J1 • www.fields.utoronto.ca • 416-348-9710

For more information, please visit: www.�elds.utoronto.ca/activities/18-19/statistical_inference

September 24 - 27, 2018  at THE FIELDS INSTITUTE
September 28, 2018 at MARS

Statistical Inference, 
Learning and Models in 
Data Science

This is a retrospective workshop for the 2015 thematic program Statistical Models, 
Learning and Inference for Big Data. We will reflect on recent progress and the shift in
emphasis to data science in the intervening three years. 

INVITED SPEAKERS
Edoardo Airoldi, Harvard University

Jimmy Ba, University of Toronto

Jelena Bradic, University of California

Fanny Chevalier, University of Toronto

Michael Correll, Tableau

Debbie Dupuis, HEC Montreal

Ruth Etzioni, Fred Hutchinson Cancer Research Center

Mark Fox, University of Toronto

Marzyeh Ghassemi, MIT

Laura Hatfield, Harvard Medical School

Heike Hofmann, Iowa State University

Eric Kolaczyk, Boston University

Todd Kuffner, Washington University

 

Simon Lacoste-Julien, University of Montreal 

Rahul Mazumder, MIT Sloan School 

Isabel Meirelles, OCAD University 

Raymond Ng, University of British Columbia 

Sofia Olhede, University College London 

George Paliouras, IIT Athens

Greg Ridgeway, University of Pennsylvania 

Veronika Rockova, University of Chicago 

Mark Schmidt, University of British Columbia 

Ravi Shroff, New York University

Nathan Srebro, Toyota Technical Institute 

Yaoliang Yu, University of Waterloo 

Francis Zwiers, University of Victoria

ORGANIZING COMMITTEE
Fanny Chevalier, University of Toronto

David Duvenaud, University of Toronto

Sallie Keller, Virginia Tech

Lisa Lix, University of Manitoba

Nancy Reid, University of Toronto

Nathan Taback, University of Toronto

Stephen Vavasis, University of Waterloo

...  more speakers on the Industry Day, on Friday September 28!
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Big Data 2015 Data Science 2018

This thematic program emphasizes 
both applied and theoretical aspects of 
statistical inference, learning and models 
in big data. The opening conference will 
serve as an introduction to the program, 
concentrating on overview lectures and 
background preparation. Workshops 
throughout the program will highlight 
cross-cutting themes, such as learning and 
visualization, as well as focus themes for 
applications in the social, physical and life 
sciences. It is expected that all activities 
will be webcast using the FieldsLive 
system to permit wide participation. Allied 
activities planned include workshops at 
PIMS in April and May and CRM in May 
and August.

JANUARY 12 – 23, 2015 

Opening Conference and Boot Camp

Organizing Committee:  Nancy Reid (Chair), Sallie Keller, Lisa Lix, Bin Yu

JANUARY 26 – 30, 2015

Workshop on Big Data and Statistical Machine Learning

Organizing committee: Ruslan Salakhutdinov (Chair), Dale Schuurmans, Yoshua Bengio, 
Hugh Chipman, Bin Yu

FEBRUARY 9 – 13 , 2015

Workshop on Optimization and Matrix Methods in Big Data

Organizing Committee: Stephen Vavasis (Chair), Anima Anandkumar, Petros Drineas, 
Michael Friedlander , Nancy Reid, Martin Wainwright

FEBRUARY 23 – 27, 2015

Workshop on Visualization for Big Data: Strategies and Principles

Organizing Committee: Nancy Reid (Chair), Susan Holmes, Snehelata Huzurbazar,
Hadley Wickham, Leland Wilkinson
				            MARCH 23 – 27, 2015

Workshop on Big Data in Health Policy

Organizing Committee: Lisa Lix (Chair), Constantine Gatsonis , Sharon-Lise Normand

			                   APRIL 13 – 17, 2015

Workshop on Big Data for Social Policy

Organizing Committee: Sallie Keller (Chair), Robert Groves, Mary Thompson  
 
				          JUNE 13 – 14, 2015

Closing Conference

Organizing Committee: Nancy Reid (Chair), Sallie Keller, Lisa Lix, Hugh Chipman, 
Ruslan Salakhutdinov, Yoshua Bengio, Richard Lockhart 
to be held at AARMS of Dalhousie University

Yoshua Bengio (Montréal)

Hugh Chipman (Acadia) 

Sallie Keller (Virginia Tech) 	

Lisa Lix (Manitoba)

Richard Lockhart (Simon Fraser)

Nancy Reid (Toronto)

Ruslan Salakhutdinov (Toronto)

ORGANIZING COMMITTEE 

INTERNATIONAL ADVISORY 
COMMITTEE 

Constantine Gatsonis (Brown)

Susan Holmes (Stanford)

Snehelata Huzurbazar (Wyoming)

Nicolai Meinshausen (ETH Zurich)

Dale Schuurmans (Alberta)

Robert Tibshirani (Stanford)

Bin Yu (UC Berkeley)

PROGRAM

JANUARY TO APRIL 2015

Large Scale Machine Learning

Instructor: Ruslan Salakhutdinov (University of Toronto)

JANUARY TO APRIL 2015

Topics in Inference for Big Data

Instructors: Nancy Reid (University of Toronto), Mu Zhu (University of Waterloo)

GRADUATE COURSES

THE FIELDS INSTITUTE FOR RESEARCH IN MATHEMATICAL SCIENCES
222 College Street, Second Floor, Toronto, Ontario, M5T 3J1 

 www.fields.utoronto.ca • 416-348-9710

T H E  F I E L D S  I N S T I T U T E

B I G 
DATA

THEMATIC PROGRAM ON  
STATISTICAL INFERENCE,   
LEARNING, AND MODELS FOR 

For more information, allied activities off-site, and registration, please visit:
www.fields.utoronto.ca/programs/scientific/14-15/bigdata

Image Credits: Sheelagh Carpendale & InnoVis
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For more information, please visit: www.�elds.utoronto.ca/activities/18-19/statistical_inference

September 24 - 27, 2018  at THE FIELDS INSTITUTE
September 28, 2018 at MARS

Statistical Inference, 
Learning and Models in 
Data Science

This is a retrospective workshop for the 2015 thematic program Statistical Models, 
Learning and Inference for Big Data. We will reflect on recent progress and the shift in
emphasis to data science in the intervening three years. 

INVITED SPEAKERS
Edoardo Airoldi, Harvard University

Jimmy Ba, University of Toronto

Jelena Bradic, University of California

Fanny Chevalier, University of Toronto

Michael Correll, Tableau

Debbie Dupuis, HEC Montreal

Ruth Etzioni, Fred Hutchinson Cancer Research Center

Mark Fox, University of Toronto
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Laura Hatfield, Harvard Medical School

Heike Hofmann, Iowa State University

Eric Kolaczyk, Boston University

Todd Kuffner, Washington University
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Rahul Mazumder, MIT Sloan School 

Isabel Meirelles, OCAD University 

Raymond Ng, University of British Columbia 

Sofia Olhede, University College London 

George Paliouras, IIT Athens

Greg Ridgeway, University of Pennsylvania 

Veronika Rockova, University of Chicago 

Mark Schmidt, University of British Columbia 

Ravi Shroff, New York University

Nathan Srebro, Toyota Technical Institute 

Yaoliang Yu, University of Waterloo 

Francis Zwiers, University of Victoria

ORGANIZING COMMITTEE
Fanny Chevalier, University of Toronto

David Duvenaud, University of Toronto

Sallie Keller, Virginia Tech

Lisa Lix, University of Manitoba

Nancy Reid, University of Toronto

Nathan Taback, University of Toronto
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...  more speakers on the Industry Day, on Friday September 28!

G
ra

ph
 o

n 
th

e 
rig

ht
: O

rg
O

rg
Ch

ar
t, 

co
ur

te
sy

 o
f J

us
tin

 M
at

ej
ka

Gibbs Lecture 2020 13





Gibbs Lecture 2020 14



Statistics and data science



Statistical science Cox & Donnelly 2011

• start with a scientific question
• assess how data could shed light on this
• plan data collection
• consider of sources of variation and how careful planning can minimize their impact

• develop strategies for data analysis: modelling, computation, methods of analysis
• assess the properties of the methods and their impact on the question at hand

• communicate the results: accurately but not pessimistically

• visualization strategies, conveyance of uncertainties

Gibbs Lecture 2020 15



Data science “workflow”

data acquisition data preservation

Making data trustable and usable
Management of data

Modelling and Analysis

Reproducibility
Dissemination and Visualization

Security and privacy

Ethics, policy and social impactGibbs Lecture 2020 16



Data science “workflow”
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Data science “workflow”

data acquisition data preservation

Making data trustable and usable
Management of data

Modelling and Analysis

Reproducibility
Dissemination and Visualization

Security and privacy

Ethics, policy and social impactGibbs Lecture 2020 18



... data science workflow

Making data trustable and usable
Management of data

Modelling and Analysis

Reproducibility
Dissemination and Visualization

Security and privacy

Ethics, policy and social impact

provenance, sampling, cleaning, digitizing
size, speed, accessibility IS, CS, Stat

interpretable vs predictive methods
Math, Stat, CS

accessibility and impact
data, code, output IS, DS

disclosure limitation, anonymization,
encryption CS, Stat

fairness and transparency SS, Hum, DS

mathematics statistics computer science domain expertise
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Examples: Statistics in the news



Examples: Statistics in the news

Example 1: Wildfire



Example 1: wildfire “Toronto’s National Newspaper”

Je� Lewis
Jan 8 2019
Globe & Mail
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Event attribution Example 1
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... event attribution Example 1

The relatively young science of extreme
event attribution seeks to tease out the
influence of human-caused climate
change from other factors, such as
natural sources of variability like El
Niño, as contributors to individual
extreme events.

Consensus Report

National Academy of Sciences
Engineering and Medicine
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The data Kirchmeier-Young et al 2019

“We use a large ensemble of CanRCM4 ... consisting of 50 realizations on a 50-km grid.
Each realization is driven by a member of the CanESM2 ... .”

Simulation of global climate
physics, mathematics

numerical analysis

Creation of regional climate
scenarios

mathematics, statistics
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The data Kirchmeier-Young et al 2019

“... values were pooled together for two time periods: 1961-1970 and 2011-2020,
resulting in 500 values for each decade (10 years x 50 realizations). ””

Simulation of global climate
physics, mathematics

numerical analysis

Creation of regional climate
scenarios

mathematics, statistics
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The data Kirchmeier-Young et al 2019

“A data set of temperature and precipitation anomalies was created ... from surface
station observations ”

Observational data
statistics, data science
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The data Kirchmeier-Young et al 2019

“Observational data was acquired from numerous sources and interpolated using a thin
plate spline methodology ”

Observational data
statistics, data science
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Event attribution Kirchmeier-Young et al 2019

• “anthropogenic climate change increased the area burned by a factor of 7 - 11”

• “86 - 91 percent of the area burned can be attributed to anthropogenic climate
change”

• “anthropogenic factors increased the likelihood of the extreme warm temperature
by over 20 times ”

• “anthropogenic factors increased the likelihood of extreme fire weather indices
by 2-4 times”
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The analysis Kirchmeier-Young et al 2019

“anthropogenic climate change increased the area burned by a factor of 7 - 11”

• simulate the temperature series 50 times

• use a statistical model to relate temperature and precipitation
to fire weather indices

• use a statistical model to relate fire weather indices to area burned

• compare the distribution of area burned in two decades modelled area

• 1961–1970 2011–2020
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Event attribution Kirchmeier-Young et al 2019

• “anthropogenic climate change increased the area burned by a factor of 7 - 11”

• “86 - 91 percent of the area burned can be attributed to anthropogenic climate
change”

• “anthropogenic factors increased the likelihood of the extreme warm temperature
by over 20 times ”

• “anthropogenic factors increased the likelihood of extreme fire weather indices
by 2-4 times”
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Event attribution

“The science around climate change is complex – it’s not the cause of bushfires but
scientists have long warned that a hotter, drier climate would contribute to Australia’s
fires becoming more frequent and more intense.”

“We find it very di�cult in general to attribute climate change impacts to a specific
event, particularly while the event is running, said Dr Richard Thornton, chief executive
of the Bushfires & Natural Hazards Co-operative Research Centre.”
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Climate and weather

“For the first time, scientists have detected the “fingerprint” of human-induced climate
change on daily weather patterns at the global scale”

“If verified by subsequent work, the findings ... would upend the long-established
narrative”

“The new study ... uses statistical techniques and climate model simulations”

Sippel et al., 2020Gibbs Lecture 2020 31



Examples: Statistics in the news

Example 2: Art and Life



Art and Life NY Times Twitter
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Example: Art and Life Fancourt & Steptoe, 2019

Calling Bull with R, Carrie Diaz Eaton, Thursday 6 pm
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... art and life

Q: Did you see that going to the
opera makes you live longer?

A: No, it just makes it feel longer.

Thomas Lumley, Stats Chat

Gibbs Lecture 2020 34
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... art and life
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... art and life NY Times, Dec 22

• ... evidence that simply being exposed to the arts may
help people live longer

• researchers in London ... followed thousands of people
50 and older

• study controlled for socioeconomic factors like ...
income, education level and mobility

• ... researchers collected data from 6,710 people who
responded to questionnaires about how o�en they went
to concerts, museums, galleries, the theater or the opera

• the researchers combed through the data they had
collected to search for patterns
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... art and life British Medical Journal
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... Art and Life Fancourt & Steptoe

the bmj | BMJ 2019;367:l6377 | doi: 10.1136/bmj.l6377� 1

RESEARCH

The art of life and death: 14 year follow-up analyses of  
associations between arts engagement and mortality in the  
English Longitudinal Study of Ageing
Daisy Fancourt,1 Andrew Steptoe1

Abstract
Objective
To explore associations between different frequencies 
of arts engagement and mortality over a 14 year 
follow-up period.
Design
Prospective cohort study.
Participants
English Longitudinal Study of Ageing cohort of 6710 
community dwelling adults aged 50 years and older 
(53.6% women, average age 65.9 years, standard 
deviation 9.4) who provided baseline data in 2004-05.
Intervention
Self reported receptive arts engagement (going to 
museums, art galleries, exhibitions, the theatre, 
concerts, or the opera).
Measurement
Mortality measured through data linkage to the 
National Health Service central register.
Results
People who engaged with receptive arts activities on 
an infrequent basis (once or twice a year) had a 14% 
lower risk of dying at any point during the follow-up 
(809/3042 deaths, hazard ratio 0.86, 95% confidence 
interval 0.77 to 0.96) compared with those who never 
engaged (837/1762 deaths). People who engaged 
with receptive arts activities on a frequent basis (every 
few months or more) had a 31% lower risk of dying 
(355/1906 deaths, 0.69, 0.59 to 0.80), independent 

of demographic, socioeconomic, health related, 
behavioural, and social factors. Results were robust 
to a range of sensitivity analyses with no evidence of 
moderation by sex, socioeconomic status, or social 
factors. This study was observational and so causality 
cannot be assumed.
Conclusions
Receptive arts engagement could have a protective 
association with longevity in older adults. This 
association might be partly explained by differences 
in cognition, mental health, and physical activity 
among those who do and do not engage in the arts, 
but remains even when the model is adjusted for 
these factors.

Introduction
Interest in the salutogenic (health promoting) benefits 
of the arts is increasing. Arts activities are classified 
as “multimodal” health interventions because they 
combine multiple psychological, physical, social, 
and behavioural factors with an intrinsic aesthetic 
motivation to engage.1 While previous studies have 
shown the association between arts engagement and 
the prevention and treatment of mental and physical 
health conditions, including depression, dementia, 
chronic pain, and frailty,2-4 whether arts engagement 
actually confers survival benefits remains unclear. 
Some research has proposed that the universality of 
art and the strong emotional responses it induces 
are indications of its association with evolutionary 
adaptations,5 6 while other research has questioned 
whether art is an evolutionary parasite, with no 
particular evolutionary benefits to our species.7

Within health research, arts engagement could 
be linked to longevity by alleviating chronic stress 
and depression, and providing emotional, cognitive, 
and social coping resources that support biological 
regulatory systems and behavioural choices.8 Arts 
engagement is also known to enhance social capital, 
which builds individual and collective resources,9  10 
and to reduce loneliness, which is associated with 
mortality.11 Arts engagement can support cognitive 
reserve,2 12 and promotes empathy, social perception, 
and emotional intelligence, which are all linked to a 
greater chance of survival.13 Arts engagement could 
help to reduce sedentary behaviours, which are well 
established predictors of cardiovascular health and 
immune function,14 15 and might also reduce risk taking 
behaviours. Arts engagement is linked to a greater 
sense of purpose in life, which is itself associated with 
better immune function and healthier behaviours.16 
Further, creativity and imagination, which are an 
intrinsic part of artistic engagement, have been linked 

1Department of Behavioural 
Science and Health, University 
College London, London WC1E 
7HB, UK
Correspondence to: D Fancourt 
d.fancourt@ucl.ac.uk  
(or @Daisy_Fancourt on Twitter;  
ORCID 0000-0002-6952-334X)
Cite this as: BMJ 2019;367:l6377 
http://dx.doi.org/10.1136/bmj.l6377

Accepted: 24 September 2019

What is already known on this topic
There is increasing interest in the health benefits of the arts, and debate about 
potential evolutionary benefits of arts engagement
Several theories suggest that the arts could support longevity by improving 
mental health, enhancing social capital, reducing loneliness, developing 
cognitive reserve, reducing sedentary behaviours, and reducing risk taking 
behaviours
While “leisure” has been broadly linked to a lower risk of premature death, few 
studies have focused specifically on arts engagement, and data from the UK are 
lacking

What this study adds
This study followed a nationally representative sample of adults aged 50 and 
older in England for 14 years and used linked mortality data from National Health 
Service records
Receptive arts engagement could have a protective association with longevity in 
older adults
This association could partly be explained by differences in cognition, mental 
health, and physical activity among those who do and do not engage in the arts, 
but remains even when the model is adjusted for these factors.
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The people Fancourt & Steptoe

• English Longitudinal Study of Ageing (ELSA) Steptoe et al. 2013

• developed as a companion study to the Health and Retirement Study (HRS) in the US

• aged 50+ in 2002

• nationally representative sample

• 6710 participants with complete information, who consented to follow-up

• information on mortality obtained by linking to National Health Service record linkage

Gibbs Lecture 2020 40



The “Raw” Data Table 1. Fancourt & Steptoe

Receptive Arts Engagement

Never Infrequently Frequently

Died 837 (47.5%) 809 (26.6%) 355 (18.6%)

Survived 925 2233 1551

Total 1762 3042 1906
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The Data adjusted for confounders
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The Data adjusted for confounders
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Confounders pace Twitter
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Confounders pace Twitter
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Statistical Analysis Supplementary Material
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Statistical Analysis Supplementary Material

• key analysis was based on a regression model for survival data
proportional hazards regression

• checked the proportional hazards assumption using residuals

• weighted analysis to accommodate non-response which was relatively minimal

• three sets of sensitivity analyses compared to initial analysis

• several subgroup analyses age, sex, SES, etc.

• finer adjustment for confounders

• further testing of model assumptions including reverse causality
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The Conclusions Fancourt & Steptoe

• results are broadly consistent with related literature

• study found a dose-response e�ect

• “this study suggests that receptive arts engagement could have independent
longitudinal protective associations with longevity” my emphasis

• “this study did not compare the relative e�ect size of arts and other known
predictors of mortality, but other factors undoubtedly have a larger bearing on
mortality risk”

• “A causal relationship cannot be assumed, and unmeasured confounding factors
might be responsible for the association”

Gibbs Lecture 2020 48



The Conclusions

“As we always say, correlation doesn’t imply causation—but
it doesn’t sell newspapers either” Calling Bullshit

The Stats Chat chocolate rule: “if you’re going to a concert or visiting a museum
primarily for the health e�ects, you’re doing it wrong” Lumley
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Reproducibility and Visualization



Data science “workflow”

data acquisition data preservation

Making data trustable and usable
Management of data

Modelling and Analysis

Reproducibility
Dissemination and Visualization

Security and privacy

Ethics, policy and social impactGibbs Lecture 2020 50



Reproducibility those pesky p-values

• there are some really good statistical analyses
• paired with really good science Kirchmeier et al

• paired with really good social science
Fancourt & Steptoe

• there are some really bad ones too

• reproducibility of science is harmed
by rote use of any tool

• p-values are one of those tools that are
misunderstood and mis-used

• let your alarm bells ring when you hear
“small, but statistically significant”

• it’s probably more complicated than that
most science isGibbs Lecture 2020 51



Data science “workflow”

data acquisition data preservation

Making data trustable and usable
Management of data

Modelling and Analysis

Reproducibility
Dissemination and Visualization

Security and privacy

Ethics, policy and social impactGibbs Lecture 2020 52



Visualization
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Visualization statschat.org.nz; Guardian Nick Evershed
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In praise of small data

“you don’t have as much data as you thought”

• Wildfires and climate change

• Going to the museum

• “We have a billion observations”

• “We have 1000 observations in every
county on every day”

• Lots of data needs complex modelling

• 50 climate simulations, times 10 years

• 6710 people with complete information

• “but we’re looking for extremely rare
events” Higgs boson

• but what about correlation in time and
space

• new statistical theory for
high-dimensions, complex dependence,
extreme values

quality is much more important than quantity
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Pie Charts!! YouGov
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In praise of small data

Thank you!
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