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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
1
£(x) = 5 exp{—BE(Q)}
E(-) is the energy function

x is a state of the system

B is called (inverse) temperature
« partition function
Z =Y exp{—BE(X)}
Jy exp{—BE(x)}dx
- used in statistical physics, quantum mechanics, probability theory, statistical
modelling, machine learning, ... E(x;0),Z = Z(8,6)
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The Gibbs Sampler Geman & Geman, 1984

IEEE TRANSACTIONS ON PATTERN ANALYSIS AND MACHINE INTELLIGENCE, VOL. PAMI-6, NO. 6, NOVEMBER 1984 721

Stochastic Relaxation, Gibbs Distributions, and
the Bayesian Restoration of Images

STUART GEMAN anp DONALD GEMAN

“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

IEEE TRANSACTIONS ON PATTERN ANALYSIS AND MACHINE INTELLIGENCE, VOL. PAMI-6, NO. 6, NOVEMBER 1984 721

Stochastic Relaxation, Gibbs Distributions, and
the Bayesian Restoration of Images

STUART GEMAN anp DONALD GEMAN

“When Don and | were growing up it was a standard

&

go-to for mother’s day, valentine’s day, or just an ! y

old-fashioned "I'm sorry.” We were sitting together

writing our paper on the Bayesian approach to image 4
processing and wondering what to call that particular
version of stochastic relaxation. Don mentioned the Sampler

Whitman’s Sampler. It was the perfect metaphor.” R
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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 difficult 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

Enrolment in statistics programs of study
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Enrollments are sky-rocketing

Statistics Concentrators *

200 199

150
ezt HARVARD

Faculty of Arts and Sciences
DEPARTMENT OF STATISTICS

100

Number of Concentrators

2008 2009 2010 2011 2012 2013 2014 2015

* Includes joint concentrators.
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Enrollments are sky-rocketing Am. Stat. News 2019
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Statistical science is looking outwards

Statistical Sciences
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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 stream 9



k Times, August 2009
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For Today’s Graduate Just One Word: Statistics

~ BySTEVELOHR

 MOUNTAIN VIEW, Calif. — At
Harvard, Carrie Grimes majored
in anthropology and archaeology
and ventured to places like Hon-
duras, where she studied Mayan
settlement patterns by mapping
where artifacts were found. But
she was drawn to what she calls
“all the computer and math
stuff” that was part of the job.

* “People think of field archaeol-
ogy as Indiana Jones, but much
of what you really do is data anal-

. ysis,” she said.

Now Ms. Grimes does a differ-
ent kind of digging. She works at
Google, where she uses statis-
tical analysis of mounds of data
to come up with ways to improve
its search engine.

Ms. Grimes is an Internet-age
statistician, one of many who are
changmg the image of the profes-

priests don'tfey g,
drink and deiye

DANIEL RDSENSAUM FOR THE NEW YORK TIMES
A question: would 9 out of 10
statisticians wear this shirt?

digital data. In ﬁeld after field,
computing and the Web are cre-
ating new realms of data to ex-
plore — sensor signals, surveil-
lance tapes, social network chat-
ter, public records and more. And
the digital data surge only prom-
ises to accelerate, rising fivefold
by 2012, according to a projection
by IDC, aresearch firm.

~ Yet data is merely the raw ma-
terial of knowledge. “We’re rap-
idly entering a world where ev-
erything can be monitored and
measured,” said Erik Brynjolfs-
son, an economist and director of
the Massachusetts Institute of
Technology’s Center for Digital

“I keep saying that the sexy
job in the next 10 years will be
statisticians,” said Hal Varian,
chief economist at Google. “And
I’m not kidding.”

The rising stature of statisti-

sion as a place for dronish num- - cians, who can earn $125,000 at

ber nerds. They are finding them-
selves increasingly in demand —
and even cool.

top companies in their first year
after getting a doctorate, is a by-
product of the recent explosion of

“But the big problem is
going to be the ability of humans
to use, analyze and make sense of
the dal

The new breed of statisticians
tackle that problem. They use
powerful computers and sophis-
ticated mathematical -models to
hunt for meaningful patterns and
insights in vast troves of data.

Continued on Page A3
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Big Data 2015 Thematic Program

THE FIELDS INSTITUTE
HE-‘_. 5 \—l‘ /\v;‘\
. \ =]

FIELDS

THEMATIC PROGRAM ON
STATISTICAL INFERENCE,
LEARNING, AND MODELS FOR

JANUARY : JUNE, 2015

PROGRAM
This thematic program emphasizes
JANUARY 12 - 23, 2015 both applied and theoretical aspects of
Opening Conference and Boot Camp statistical inference, learning and models
Gibbs Qzgapizing Committee: Nancy Reid (Chair), Sallie Keller, Lisa Lix, Bin Yu in big data. The opening conference will 1

serve as an introduction to the program,
IARNMIIADY O -l T TN1CcC



Statistical Inference,

Learning and Models in
Data Science
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Big Data 2015

HEMATIC PROGRAM ON
STATISTICAL INFERENCE,

LEARNING, AND MODELS FOR

JANUARY : JUNE, 2015
ROGRAM

Conference and Boot Camp
Organzing Committe: Nancy Reid (Char, sl Keller Lis Lix, in Yo

W ta and Staistcal ning.
Organirin commiee:Rusan Sabkbutdinov (i S, Yoshes Bagio

Hugh Chipman, Bin Yo
FeBRUARY 913, 2015
Workshop n Optmizaion and Matix Methodsin B Data

Michae Fridlander, Nancy Reid, Martin Wainwrig
FEBRUARY 23 - 27, 2015

Organizing Committe: Nancy Rei (Chin) Susan Holmes,Soéhelta Huzusbazss,
Hadley Wickham, Letind Wilkigon
Big Data in Health Palic

Workshopon. icy
Organzing Committc: Lis i (Chai), Corstantine Gatoni, Shron-Lise Normand

APRIL 13 -17, 2015
Worlkshop on Big Data for Social Pol
Organizing Committe:afle Keller (Chai), Rabert Goves, Miry Thompion

JNE 13 - 14, 2015
Clsing Conference

Ormin Commine Ny R (Co). Sl Kl i, g Cigman
Rislan Slikbutdino, Yoshua Bengo, Richnd Lockha

o' hed st AARMS of Dalhousi Universiy

GRADUATE COURSES

JANUARY TO APRIL 2015
Large Scale Machine Learning,
Instructor, Rsln Saakhondinov (University of Foronto)

JANUARY.TO APRIL 2015
Topics in Inference for Big Dat

sroctos Nancy Reid (Uiversiyof Torontol, M Zh (Universiyof Waterloo)

Gibb e iafoataD, allied activiti

THE FIELDS INSTITUTE
" 4 Ty

ORGANIZING COMMITTEE
Yoshua Bengio (Montréal)
Hugh Chipman (Acadia!

www.fields.utoronto.ca/programs/scientific/14-15/bigdata

Data Science 2018

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, uniersiy of Calornia
Fanny Chevalier, Universty of Toronto
Michael Correll, ablea

Debbie Dupuis, rec Monires!

Ruth Etzioni, fred Hutchinson Cancer Research Center

Mark Fox, niversity of Toronto
Marzyeh Ghassemi, w1

Laura Hatfield, Honard Medical Schoot
Heike Hofmann, owa stte Unversiy
Eric Kolaczyk, Boson Unersiy
Todd Kufiner, wastingion Uniersiy

ORrGANIZING COMMITTEE
Fanny Chevalier, uniersiy of Toronto
David Duvenaud, vnesiy of Toronto
Sallie Keller, virginis Tech

—

Simon Lacoste-Julien, university of Montreal
Rahul Mazumder, s sioan school
Isabel Meirelles, 0cAD university

George Paliouras, 17 Athens

Greg Ridgeway, Unveriy of Pennsylvania
Veronika Rockova, universty of Chicago
Mark Schmidt, niversity of British Columbia
Ravi Shroff, new york Uniersy

Nathan Srebro, 7oyota Technical instiute.
Yaoliang Yu, tnesiy of wateroo
Francis Zwiers, Universiy of Vicora

more speakers on the Industry Day, on Friday September 28!

Lisa Lix, Univessy of Manitoba
Nancy Reid, Uniersy of Toronto
Nathan Taback, tnersiy of Toronto
Stephen Vavasis, uniersty of Waterioo
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HARVARD DATA SCIENCE REVIEW

A Microscopic, Telescopic, and Kaleidoscopic View of Data Science
HOME ABOUT MISSION AND SCOPE ISSUE 11

] FROM THE EDITOR-IN-CHIEF |

Xiao-Li Meng
Five Immersive 3D Surroundings of Data Science

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

Gibbs Lecture 2020 Ethics, policy and social impact .



Data science “workflow”

The Data Science Workflow - Towards ... Teaching the Data Science Process Data Science Workflow - The Process for ... What is Data Science? - D...

towardsdatascience.com kdnuggets.com business-science.io dataquest.io

et
Acure data v T mad e e Se !
. - iyt o e
Retormat ans e (25 MRy
claan data . €t avsiysn e —— A ot s
s 2 byt
Preparation - =i oot
gt |,/
)l e Fuvetin
B Dabog e | e e
e Dissemination ey
Maka compariers e peets st
Tobe rotes » (Deslay onine Tengoer [I— Mend
e meetnas Aroves expemert
Refiection Share cxperimers s
1600x 1176 — Gt
Data Science Workflow: Overview and ... Teaching the data science process ... Accelerating Data Science Workflows Development Workflows for Data ...
m-cacm.acm.org towardsdatascience.com bbvadata.com

resources.github.com

Modern Data Science Workflows Generate example
data
R | ﬁ;\du 2P \
pp— i —
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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

Gibbs Lecture 2020 Ethics, policy and social impact s



... data science workflow

Making data trustable and usable
Management of data

Modelling and Analysis

Reproducibility
Dissemination and Visualization

mathematics  statistics

Security and privacy

Ethics, policy and social impact
Gibbs Lecture 2020

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

computer science  domain expertise

disclosure limitation, anonymization,
encryption Cs, Stat

fairness and transparency SS, Hum, DS

19
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Examples: Statistics in the news

Example 1: Wildfire



Example 1: wildfir “Toronto’s National Newspaper”

CANADA HIEHGITE recisTer 2 LOGIN Q

B.C. wildfires stoked by climate change, likely to become
worse: study

Jeff Lewis

JEFF LEWIS > ENVIRONMENT REPORTER 8 TRENDING
PUBLISHED JANUARY 8, 2018 Jan 2019
UPDATED 18 HOURS AGO

1 OPINION

As parents of complex special-needs
kids, we know inclusive education
doesn’t work

Globe & Mail

PHIL RICHMOND AND HAYLEY AVRUSKIN

2 New Canadian telescope detecting
more brief, powerful radio blasts
from far beyond our galaxy

3 Jagmeet Singh gets his chance as
Trudeau calls three by-elections,
including in Burnaby South

4 BMO slices 1,000 points from its
Toronto stock market forecast o~

5 Toronto's Vena secures $115-million
in financing from U.S. private-equity
Gibbs Lecture 2020 A helicopter flies aver a wildfire southwest of the town of Cache Creek, B.C., an July 18, 2017 firms @~ 20

BEN NELMS/REUTERS



Event attribution Example 1

AGU 100,

Earth’s Future

RESEARCH ARTICLE Attribution of the Influence of Human-Induced Climate

e Change on an Extreme Fire Season
Key Points:
+ An event attribution analysis is M.C. Kirchmeier-\’uungm@, N.P. Gillet?™, F.W. Zwiers'®, A.J. Cannon3(, andF.Ss. Anslow’

performed for the record-breaking
wildfire season of 2017 in BC

+ Anthropogenic climate change
greatly increased the likelihood of

TPacific Climate Impacts Consortium, University of Victoria, Victoria, British Columbia, Canada, 2Canadian Centre for
Climate Modelling and Analysis, Environment and Climate Change Canada, Victoria, British Columbia, Canada,

extreme warm temperatures and high 3Climate Research Division, Environment and Climate Change Canada, Victoria, British Columbia, Canada
fire risk
« A strong anthropogenic climate
change contribution is also found for Abstract A record 1.2 million ha burned in British Columbia, Canada’s extreme wildfire season of 2017.

thel burned e o 8
< lagearsabum Key factors in this unprecedented event were the extreme warm and dry conditions that prevailed at the

time, which are also reflected in extreme fire weather and behavior metrics. Using an event attribution
. Supporting Information: method and a large ensemble of regional climate model simulations, we show that the risk factors affecting
Gibbs Supptding BOAation 51 the event, and the area burned itself, were made substantially greater by anthropogenic climate change.
We <how over 959% of the nrobabilitv for the observed maximum tembperature anomalies ic due to



... 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

: Gllmﬂtﬂ Ghange Nino, as contributors to individual
N4 , . extreme events.

ATTRIBUTION OF

Extreme Weather Events

IN THE CONTEXT OF

Consensus Report

National Academy of Sciences
Engineering and Medicine

Gibbs Lecture 2020 22



The data

“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 ... ”

Franais
Government  Gouvernement
of Canada du Canada ﬂ

Immigration v Travel v Business v Benefits v More services v.

Home - Open Goverment = The Canadian Regional .

Simulation of global climate

The Cagladian Regional Climate Model Large e p hysics, mathematics

Er Pt s dtoset
Comment(s)

is @ 50-m rical forcings for the North H 1
T e o | numerical analysis

‘The model, forcings, variable
names, used i Additional Information
s s

i gs and P i i
‘Coupled Model Intercomparison Project Phase 5 (CMIPS) protocols, which were employed for the CanESM2 large Contact Email: open-

Sl v Bt v ot D | r— Creation of regional climate

Relevant Publications: Description of the Model: J. F. Scinocca, V. V. Kharin, Y. Jiao, M. W. Qian, M. Lazare, L. Solheim,
G. M. Flato, S. Biner, M. Desgagne, B. Dugas, Coordinated global and regional ciimate modeling. J. Clim. 29, 17-35. .

@), 117500LIDA5-0161.1 Exampls o e Fyet. C. rogonaicimae el scenarios
Derksen, L. Muckyk, GM. Flso, B.D. Santr, .. Swar, .P Moltch, X. Zhang, . Wan, VA Arrs, . Sonoce, cimato

2017:Large noar-orm projcto snowpack lss ver th westom Uritd States, Nature Comm, 614996,

Kirchmeier-Young, M. C., . P. Gilt, F. W. Zwiers, A. J. Cannon, F. S. Ansiow, Subject: m ath em ati cs’ Stati Sti S

hitps:/idoi.org
2018: Influence of fire season. Nature and Environment

r
large ensombles.

Publisher - Name: Maintenance and Update
Frequency: As Needed

Licence: Open Government Licence - Canada

Date Published: 2016-03-26

Resources
‘Temporal Coverage: 1350.01.01

Resource Name 4. Resource Type 14| Format (414] Language #[¢  Links 021001231

Openness Rating:

About this Record 23
Record Released: 2018-10-12

Engiish

ConCM Large Ensoms Output Detase Necor e
Gibbs Lectibg.2920 aude PoF R s |

Data Dictionary Guide PDF French



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). "”

Francais

Government  Gouvernement
of Canada  du Canada Search Canada.ca [a ]

Job Immigration Tray Business Benefits Taxes More services.

Home - Open Goverment = The Canadian Regional .

Simulation of global climate

The Canadian Regional Climate Model Large e p hyS | cs, m ath em ati GS
EI i Rate this dataset 2
Comment(s)

T e o | numerical analysis
Relevant Publications: Description of the Model: J. F. Scinocca, V. V. Kharin, Y. Jiao, M. W. Qian, M. Lazare, L. Solheim,
scenarios

“The model, forcings, variable
names, used i Additional Information
Hipl e
. M. Flato, S. Biner, M. Desgagne, B. Dugas, Coordinated global and regional limate modeling. J.Ciim. 29, 17-35
hiips:/fdoi.0rg/10.1038/ncomms 14996 Kirchmeer-Young, M. C.. N. P. Gillet, F. W. Zwiers, A. J. Cannon, F. S. Ansiow, Subject: th t t t t
e 2e mathematics, statistcs

i gs and P i i
‘Coupled Model Intercomparison Project Phase 5 (CMIPS) protocols, which were employed for the CanESM2 large Contact Email: open-
(2016). 11754JCLI-D-15-0161.1 Examples of the
Nature and Environment

Son s s o Evekton o e [ . Creation of regional climate

Publisher - N

Maintenance and Update

Frequency: As Needed
Licence: Open Goverment Licence - Canada

Date Published: 2018-08-26

Resources
‘Temporal Coverage: 1350.01.01

Resource Name 4. Resource Type 14| Format (414] Language #[¢  Links 021001231

Engiish

oL Ersonto Ot bu | Naor SO

Gibbs Lechutg.2020 cuide PoF Engish About this Record 24
e o - cronen [ | Rocord Released: 2016-10-12
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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 ”

Francais
J ] Somment Gouvemenent
of Canada  du Canada Search Conada.ca (2]
MENU v
Home ~ d natural resources > Weather, Climate and Hazard > Past weather and dimate

Historical Data

To determine data availability for a custom location and date, please complete and submit one of the following searches: 0 b se rvati ona l d ata
Search by Station Name  Search by Province or Territory  Search by Proximity P .
statistics, data science
’

How to Use - Search by Station Name
Name:
© contains ) begins with

© vith data available between: 18202 to | 2020

) with data on: 20203 | January | 1%

Display 25 ¢ results per page.

em
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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 ”

Francais
J ] Somment Gouvemenent
of Canada  du Canada Search Conada.ca (2]
MENU v
Home ~ d natural resources > Weather, Climate and Hazard > Past weather and dimate

Historical Data

To determine data availability for a custom location and date, please complete and submit one of the following searches: 0 b se rvati ona l d ata
Search by Station Name  Search by Province or Territory  Search by Proximity P .
statistics, data science
’

How to Use - Search by Station Name
Name:
© contains ) begins with

© vith data available between: 18202 to | 2020

) with data on: 20203 | January | 1%

Display 25 ¢ results per page.

em
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Fire weather indices

GISS Home

Fire locations and perimeters

Precipitation

* Mean air temperature anomalies

85

Home  About CRU

Environment and Climate Change

Canada

Universityof
East Anglia

Data  AcademicProgrammes  Research  Staffand Students  Information Shoets  Publications  Media

National Aeronautics and Space Administration

Goddard Institute for Space Studies

Global Fire WEather Database (GFWED)

w BRITISH Data Catalogue

WhatisDataBC? | Dataset Usage Contact

GeographicServices | Blog

Developers

Datasets Organizations Groups N Stay Up To Date About

Climatic Research Unit

Nows/Events

{ BCHydro

Power smart



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”

Gibbs Lecture 2020 27



The analysis Kirchmeier-Young et al 2019

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

b c
I
|
106 L— — = = = =]
|
|
= | = 105
£ I =
° -
o | (7]
B I £ 104
- £
a I m
o o
m | ]
103
|
|
| 102
1 1 1 ol " . e
1970 1980 1990 2000 2010 2020 102 10%® 104 105 108 100 102 104 108
year area burned (ha) return period (years)

Figure 5. Time series (3, log scale) of regression-predicted annual burned area in the BC Southern Cordillera for

Ej@ggq_%ﬁg;gggzganﬁcm realizations (gray) and ensemble mean (bold), reanalysis (turquoise/purple), and observations 28
(green). The dashed line marks the observed 2017 value. Probability distributions (b) for area burned amounts (log scale)



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”

Gibbs Lecture 2020 29



Event attribution

Is climate change to blame for Australia's
bushfires?

® 11 November 2019 f © W [ < Share

Australia fires

“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 difficult 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.”

Gibbs Lecture 2020 30



. The Washington Post
Climate and weather :

Satellite image showing weather on Jan. 2, 2019. (NOAA)

By Andrew Freedman
January 2

“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”

Gibbs Lecture 2020 Sippel et al., 2020 3



Examples: Statistics in the news

Example 2: Art and Life



NYT Health b
@NYTHealth

Want to live longer? Try going to the opera. Researchers in
Britain have found that people who reported going to a
museum or concert even once a year lived longer than
those who didn't.

Another Benefit to Going to Museums? You May Live Longer

Researchers in Britain found that people who go to museums, the theater and the
opera were less likely to die in the study period than those who didn't.

O nutimae ~rOm

32



Example: Art and Life Fancourt & Steptoe, 2019

Calling Bullshit @callin_bull - Dec 23, 2019 v
Want to live longer? Try driving a BMW 7 series or a Mercedes S class.

& NYT Health @NYTHealth - Dec 22, 2019

Want to live longer? Try going to the opera. Researchers in Britain have
found that people who reported going to a museum or concert even
once a year lived longer than those who didn't. nyti.ms/2Q9AmzZV

Q 8 1 49 ¥ 178 &

Show this thread Calling Bull with R, Carrie Diaz Eaton, Thursday 6 pm

Gibbs Lecture 2020




... art and life

P amolpatill @amolpatill - Dec 22, 2019 v
ﬁ Replying to @NYTHealth
In other news, People who eat brunches in absurdly priced Museum
cafeterias, live longer

Q8 1 28 Q 29K &

Q: Did you see that going to the
. b ThankGodWelivelnTheseTimes @ThankTimes - Dec 23, 2019 v 0 >
'w Replying to @NYTHealth opera makes you live longer.

Rich people live longer.

WL A: No, it just makes it feel longer.
9] o Q 17 &
Thomas Lumley, Stats Chat
CingL @ashestodust80 - Dec 23, 2019 v
¥ Replying to @NYTHealth
4 Seriously you get paid for this??? Oh my god.
Q o QO 18 o

Gibbs Lecture 2020 34


https://tinyurl.com/ygcm3aa4

... art and life

NYT Health W

Y @NYTHealth

Want to live longer? Try going to the opera. Researchers in
Britain have found that people who reported going to a
museum or concert even once a year lived longer than
those who didn't.

Another Benefit to Going to Museums? You May Live Longer

Gibbs Lecture 2020 Researchers in BTilain fuu(ld_that people whg go to museums, 1hx=T 1h'eater and the 35
opera were less likely to die in the study period than those who didn't.
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.. art and life NY Times, Dec 22

heNew Hork Times

- ... evidence that simply being exposed to the arts may

Another Benefit to Going :
STl help people live longer

Museums? You May Live Longer
e « researchers in London ... followed thousands of people
gli(jz.wdie in the study period than those who 50 an dol d er

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

- ... researchers collected data from 6,710 people who
responded to questionnaires about how often 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

thebmi Researchv  Educationv  News & Views~v Campaigns v

Archive

Research » Christmas 2019: Express Yourself

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

BM/ 2019 ; 367 doi: https://doi.org/10.1136/bmj.16377 (Published 18 December 2019)
Cite this as: BMJ 2019;367:16377
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... Art and Life Fancourt & Steptoe

RESEARCH

orenaccess  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,' Andrew Steptoe’

‘D_epartment of Behavioural ABSTRACT of demographic, socioeconomic, health related,
Science and Health, University - QBJECTIVE behavioural, and social factors. Results were robust
College London, London WC1E . . . e . . .

7HB, UK To explore associations between different frequencies  to a range of sensitivity analyses with no evidence of
Correspondence to: D Fancourt of arts engag('ement and mortality over a 14 year moderatio.n by sex, socioeconomic status, or social.
d.fancourt@ucl.ac.uk follow-up period. factors. This study was observational and so causality
(or @Daisy_Fancourt on Twitter; DESIGN cannot be assumed.

ORCID 0000-0002-6952-334X) .

Cite this as: BM 2019;367:16377 Prospective cohort study. CONCL!.ISIONS )
http://dxdoi.org/10.1136/bmj16377  PARTICIPANTS Receptive arts engagement could have a protective
Accepted: 24 September 2019 English Longitudinal Study of Ageing cohort of 6710 association with longevity in older adults. This

Gibbs Lecture 2020 community dwelling adults aged 50 years and older .associa.tilon might be partly explained. by dif‘ft.ar.ences
(53.6% women, average age 65.9 years, standard in cognition, mental health, and physical activity
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Search... Q@

English Longitudinal
E LS Asmuy of Ageing DATA & DOCUMENTATION  RESEARCH  TRAINING  PARTICIPANTS  ABOUT

ENGLISH LONGITUDINAL
STUDY OF AGEING

insight into @ maturing
population

ABOUT




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
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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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Survival age (years)

e New York Times

Another Benefit to Going to
Museums? You May Live Longer

Researchers in Britain found that people who go
to museums, the theater and the opera were less
likely to die in the study period than those who
didn't.




The Data

adjusted for confounders

g 10 S )
2 33w,
E 0.8 i
@ | —— Neverengage \:\ o
\ %
§ 06 Infrequently engage Y I a0
§. | - Frequently engage \:\‘
o LA
a 04 X N
L]
\ \\
0.2 N
3 M
O L 1 1 1 1 ‘-
50 60 70 80 90 100 110

Gibbs Lecture 2020

Survival age (years)

e New York Times

Another Benefit to Going to
Museums? You May Live Longer

Researchers in Britain found that people who go
to museums, the theater and the opera were less
likely to die in the study period than those who
didn't.
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Confounders pace Twitter

Table 2 | Cox proportional hazards models showing associations between receptive arts engagement and 14 year
mortality by calculating the percentage of protective association explained by specific confounding factors

Explanatory factors Adjusted hazard ratio (95% Cl) P PPAE (%)
Basic model (age) 0.67 (0.63t0 0.71) ¢0.001 —
+SEX 0.67 (0.63t00.72) <0.001 0
+education, occupational status, and employment status 0.67 (0.63t00.72) ¢0.001 0
+wealth 0.70 (0.65 to 0.75) <0.001 9.1
+cancer, lung disease, cardiovascular disease, or other long term condition 0.67 (0.62t00.71) ¢0.001 0
+mobility and disability 0.71(0.66 t0 0.75) <0.001 121
+depressive symptoms and psychiatric conditions 0.68 (0.64t00.72) <0.001 3.0
+cognition 072 (0.67 to 0.76) ¢0.001 15.2
+sensory impairment (hearing and eyesight) 0.67 (0.63t00.72) <0.001 0
+sedentary behaviours 0.69 (0.65 to 0.7 4) ¢0.001 6.1
+other health behaviours (drinking and smoking) 0.70 (0.65 to 0.7 4) ¢0.001 9.1
+loneliness, living status, and marital status 0.69 (0.64 to 0.73) ¢0.001 6.1
+social, civic, and hobby engagement 071 (0.67 to 0.76) ¢0.001 121
=all 0.80 (0.75 to 0.87) <0.001 419

PPAE=percentage of protective association explained.
Analysed using receptive arts engagement as a continuous variable. Each line of the table shows an explanatory factor or set of explanatory factors added

to the basic model. The final line shows all of these factors entered simultaneously.
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Confounders pace Twitter

Table 2 | Cox proportional hazards models showing associations between receptive arts engagement and 14 year
mortality by calculating the percentage of protective association explained by specific confounding factors

Explanatory factors Adjusted hazard ratio (95% Cl) P PPAE (%)
Basic model (age) 0.67 (0.63t0 0.71) ¢0.001 —

+SEX 0.67 (0.63t00.72) <0.001 0
+education, occupational status, and employment status 0.67 (0.63t00.72) ¢0.001 0
+wealth 0.70 (0.65 to 0.75) <0.001 9.1
+cancer, lung disease, cardiovascular disease, or other long term condition 0.67 (0.62t00.71) ¢0.001 0
+mobility and disability 0.71(0.66 t0 0.75) <0.001 121
+depressive symptoms and psychiatric conditions 0.68 (0.64t0 0.72) <0.001 3.0
+cognition 072 (0.67 to 0.76) ¢0.001 15.2
+sensory impairment (hearing and eyesight) 0.67 (0.63t00.72) <0.001 0
+sedentary behaviours 0.69 (0.65 to 0.7 4) ¢0.001 6.1
+other health behaviours (drinking and smoking) 0.70 (0.65 to 0.7 4) ¢0.001 9.1
+loneliness, living status, and marital status 0.69 (0.64 to 0.73) «0.001 6.1
+social, civic, and hobby engagement 071 (0.67 to 0.76) 0.0 121 SN

=all 0.80 (0.75 to 0.87) <O.q=1 41.9 )
PPAE=percentage of protective association explained.

Analysed using receptive arts engagement as a continuous variable. Each line of the table shows an explanatory factor or set of explanatory factors added

to the basic model. The final line shows all of these factors entered simultaneously.
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Statistical Analysis Supplementary Material

BMJ Page 22 of 28

1 .

:  Arts Engagement and Mortality

g Supplementary Analyses

7

g Supplementary Table 1: Cox proportional hazards regression models showing associations between

:? cultural engagement and 14-year mortality split by gender

12 Men (n=3,115) Women (n=3,595)

L HR 95% Cl HR 95% Cl

:: USING CULTURE AS A CONTINUOUS EXPOSURE ‘
17 Cultural engagement 0.84 0.76-0.93 ‘ 0.82 ‘ 0.74-0.91

8 1ISING O THRF AS A CATFGORICAI FXPOSIIRF |
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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 effect

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

+ “this study did not compare the relative effect 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”
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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 effects, you're doing it wrong” Lumley

Daisy Fancourt W
@Daisy_Fancourt

Today my paper w/ @andrewp_steptoe is published in the
@bmj_latest showing arts engagement is associated with
longevity in older adults. Confounders obviously a big

challenge but results consistent in well adjusted models &

Gibbs Lecture 202
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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

Gibbs Lecture 2020 Ethics, policy and social impact o



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
Gibbs Lecture 2020 most science is

T S @ 0 8 9% 100 70
v Survivalage (years)

Dementia

Claims about a treatment for Alzheimer’s
should be met with caution

More trials would be a good idea
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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
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Visualization

Australia fires: Misleading maps and pictures go viral

By Georgina Rannard
BBC News

@ 7 January 2020

f © w [ <« shae
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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 + 50 climate simulations, times 10 years

+ Going to the museum 6710 people with complete information

 “We have a billion observations” * “but we're looking for extremely rare
events” Higgs boson
+ “We have 1000 observations in every + but what about correlation in time and
county on every day” space

+ Lot of data needs gagialFi A isre imporiafE kAR HiHARAY 0" o

high-dimensions, complex dependence,
Gibbs Lecture 2020 55
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Pie Charts! YouGov

Mushroom is the UK's most liked pizza topping

Generally speaking, which of the following toppings do you like on a pizza? Select as
many as you like

42% 60%

Sweetcorn Peppers

49%

Bacaon

26%
Spinach

56%

Pepperoni

33%

Olives

51%

o
42/" Tomato
Pineapple (as a topping)
, 61%
Gibbs Lecture 2020 Ham 65% 56
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In praise of small data

Gibbs Lecture 2020

Thank you!

DENVER
AMS « MAA

Mushroom is the UK's most liked pizza topping

many a5 you ke,

60%

Bacon
26%

Spinach
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