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Outline

• big data

• data science

• statistical science

• 4 examples

• how do statistical science and data science intersect?

• building collaborations
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Big Data 2015

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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Big Data 2015
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Big Data 2015

”Big data” has arrived, but big insights have not
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Big Data 2018

“Big Data is no longer an emerging technology”
(2015)
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Big Data 2018
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Big Data 2018

• the data are here to stay

• their size is not the most interesting aspect

• big is in the eye of the beholder

• Literary Digest poll, 1936 2.4 million (Harford 2014)
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Big Data 2018

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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Data Science

• environmental science
• visualization

• social policy
• health policy

• networks
• inference

• optimization
• machine learning

• industry day

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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... what is data science?

• short-hand for “lots of data”, “complicated data”, “data of uncertain provenance”

• an undergraduate or post-graduate program of training
• a job description

• a new multi-disciplinary �eld of study ??

• combining mathematics, statistics, computer science, domain science

• increased emphasis on privacy, fairness, communication, visualization, impact on
policy, work�ow and reproducible research Blake & Olhede, 2016

• data curation and provenance, digital humanities, privacy vs utility, statistical vs
computational e�ciency, data �ows and markets, ... HDSR, Meng, 2019
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Data Science Work�ow

data
acquisition

data
preservation

Making data trustable and usable
Management of data
Modelling and Analysis

Dissemination and Visualization

Security and privacy

Ethics, policy and social impact
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... data science work�ow

Making data trustable and usable
Management of data

Modelling and Analysis
Dissemination and Visualization

Security and privacy

Ethics, policy and social impact

provenance, sampling, cleaning, digitizing
size, speed, accessibility

interpretable vs predictive methods
accessibility and impact

disclosure limitation, anonymization,
encryption

fairness and transparency

mathematics statistics computer science domain expertise
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What is Statistics? Fienberg, 2014

• an art and a science

• a set of tools and methods, ... [and] computation

• a way of thinking about data

• what statisticians do and how they think about what they do

• interacts vigorously with astronomy, biology, engineering, geology, medicine and
public health, and many social sciences, including political science, law, sociology,
psychology, anthropology, archeology, history, ... ”

• ‘A distinguishing feature of the statistics profession, and the methodology it develops, is the focus on a
set of cautious principles for drawing scienti�c conclusions from data.’ Lindsay 2004
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Statistics Work�ow

• start with a scienti�c 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
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In praise of small data: Example 1

“the study included fewer than 100 people who lived
to 110 or beyond”
“even small inaccuracies in the Italian longevity
records could lead to a spurious conclusion”

Dolgin, Nature, 28 June 2018

Nature News
June 28 2018
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... is there a limit to human longevity? Example 1

Science
June 29 2018

“We observed level hazard curves, which were essentially constant beyond age 105”
“... provide the best evidence to date for the existence of extreme-age mortality plateaus”
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... is there a limit to human longevity? Example 1

“This study is unlikely to be the last word on the age-limit dispute, says Haim Cohen, a
molecular biologist at Bar-Ilan University in Ramut-Gan Israel ‘I’m sure that the debate
is going to continue’.” Dolgin, Nature, June 2018
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... is there a limit to human longevity? Example 1

“The capacity for data entry
and age in�ation errors
provides a su�cient model
to explain late-life mortality
patterns observed by Barbi
and colleagues ”
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... is there a limit to human longevity? Example 1

“... claims of Barbi and colleagues
rest on nearly 4,000 carefully
validated cases from an
established registration system.
A critique like Newman’s, ...
can hardly carry force.”
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... is there a limit to human longevity? Newman 2018

• claims that age-misreporting can generate spurious late life plateaus
• Barbi et al (2018) �t a parametric model and used likelihood ratio test to compare
to a constant hazard for age > 105

• Newman argued that a modelling choice they made in�uenced their results
• “of the 861 ... combinations tested, the model selected by Barbi et al generated the
single largest late-life mortality plateau”

• statistics: Gompertz model, LRT, power analysis h(x) = aebxeβ1C+β2M

• data science: 861 such �ts, plus simulated errors
with probabilities ranging from 10−3 to 10−6

• domain: all inhabitants of Italy aged ≥ 105 years 2009–2015 (3836 cases) + Human
Mortality Database
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... is there a limit to human longevity? Barbi et al 2018
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Statistical and data science challenges

• looking for extremes — big data becomes small data

• complex dependencies — space, time, networks, images, ...

• combining data at multiple scales, or of multiple types
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In praise of small data: Example 2

“Mountain erosion is thought
to have sped up globally ... A
reassessment of the data
suggests that this acceleration
was limited...”

Kirby, Nature July 2018
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... Global erosion by glaciers revisited
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... Global erosion by glaciers revisited Schildgen et al 2018
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... Global erosion by glaciers revisited Schildgen et al 2018
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Statistics and data science

“... as we use increasingly
sophisticated analyses of ‘big
data’ to gain insight into
global trends in geology, we
must not lose sight of the
physical processes that
operate locally”

Kirby, Nature July 2018
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Statistical and data science challenges

• looking for extremes — big data becomes small data

• complex dependencies — space, time, networks, images, ...

• combining data at multiple scales, or of multiple types
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In praise of small data: Example 3

Science, Apr 6 2018 Features: au M. Broadfoot
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Antibiotic treatment of premature infants

• “the vast majority of the nearly half-million infants born prematurely in the United
States are given antibiotics, even without evidence of infection.”

• “ ‘Were beginning to recognize that the risk of giving that antibiotic may actually
outweigh the bene�t,’ says Josef Neu, a neonatologist at the University of Florida in
Gainesville

• “ Neu hopes to provide hard evidence with a small clinical trial: A random selection
of premature infants who would have been given antibiotics automatically will
instead be placed in a nontreatment control group.”

• “At �rst, he says, the university’s institutional review board balked at his proposal
for a randomized control trial”

• “Neu and his team plan to enroll 150 premature infants. However ... Doctors taking
part in the study o�en put an infant on antibiotics at the �rst sign of illness, even if
the baby had been randomized to the control group. ”
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... antibiotic treatment https://clinicaltrials.gov/ct2/show/study/NCT02784821
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... antibiotic treatment

• clinical trial (phase 2)
• 420 participants
• randomized
• crossover assignment
• no masking

• Four Arms: antibiotics control, no antibiotics
control, randomized to pre-emptive antibiotics,
randomized to no pre-emptive antibiotics

• primary outcome measure NEC
• secondary outcome measures ... 15 in total

• protocol for sampling �uidsRochester Institute of Technology 2019 34/59



... antibiotic treatment
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... antibiotic treatment
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In praise of small data: Example 3

Science, Apr 6 2018 Features: au M. Broadfoot
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In praise of small data: Example 4

Je� Lewis
Jan 8 2019
Globe & Mail
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... event attribution Kirchmeier-Young et al 2018

• “anthropogenic climate change increased the area burned by a factor of 7 - 11”
• “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 ... large ensemble ... We
utilize data from 1961 to 2020.”

• “A data set of gridded maximum (and minimum) temperature and precipitation
anomalies was created by interpolating monthly values calculated from surface
station observations relative to a 30-year climatology. Observational data was
acquired from numerous sources and interpolated using a thin plate spline
methodology.”

• “... values for each year and large ensemble realization were pooled together for two
time periods: 1961-1970 and 2011-2020, resulting in 500 values for each decade (10
years x 50 realizations). ”
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... event attribution Kirchmeier et al 2018

“anthropogenic climate change increased the area burned by a factor of 7 - 11”
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... event attribution Kirchmeier et al 2018

• complex computer simulation of global climate mathematics, numerical analysis

• creation of regional climate scenarios mathematics, statistics

• combined with available observational data statistics, data science

• modelled with regression and kernel density estimation statistics, mathematics
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Statistical and data science challenges

• looking for extremes — big data becomes small data

• complex dependencies — space, time, networks, images, ...

• combining data at multiple scales, or of multiple types
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Statistical Science

• collecting data
• design of experiments
• design of observational studies

• analysing data
• data→ conclusions
• data→ uncertainty about conclusions

• communication
• explaining conclusions
• explaining limitations
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Theory of Statistical Inference

• how to get from data to conclusions

• with generalizable strategies

• what principles do we use to develop these strategies

• how are these strategies to be evaluated e�ciency, precision

• a long history of the subject; using probability to both develop statistical methods
and to evaluate their performance

Bayes, Laplace, Gauss; Student, Fisher, Neyman, Pearson, Je�reys, ...

• leading to con�dence intervals, p-values,
estimates and standard errors, etc.
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Role of Probability R & Cox 2013

• probability to describe physical haphazard variability frequentist

• probabilities represent features of the “real” world
in somewhat idealized form

• subject to empirical test and improvement

• probability to describe the uncertainty of knowledge Bayesian

• measures rational or “impersonal” degree of belief,
or Je�reys, 1939,1961

• measures a particular person’s degree of belief
F.P. Ramsey, 1926

• linked to personal decision making
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... role of probability R & Cox 2013

• con�dence intervals or p-values refer to empirical probabilities
“[7 – 11]”

• inference is assessed by behaviour of the procedure
under hypothetical repetition

• the Bayesian approach to inference describes uncertainty of knowledge
• this can be interpreted empirically by appeal to a notion of calibration
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Collaborations

• Canadian Statistical Sciences Institute CANSSI
• launched in 2012

• funded 2014–2019 by Natural Sciences and Engineering
Research Council

• national scope, virtual institute

• Collaborative Research Teams
multidisciplinary, multi-institution, statistical
leadership, scienti�c engagement
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Collaborative Research Teams

State Space Models for Fisheries Science 2014 – 2017

Computer and Physical Models in Earth, Atmospheric and Ocean Sciences 2014 – 2017
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Collaborative Research Teams

Copula Dependence Modeling: theory and applications 2014 – 2017

Marked Point Processes and Wild�re Modeling 2015 – 2018
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Collaborative Research Teams

Statistical Inference for Complex Surveys 2015 – 2018

Modern Spectrum Methods in Time Series Analysis 2015 – 2018
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Collaborative Research Teams

Joint Analysis of Neuro-imaging Data 2016 – 2019

Rare DNA Variants and Human Complex Traits 2016 – 2019
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Collaborative Research Teams

Statistical Analysis of Large Administrative Health Databases
2017 – 2020

Spatial Modeling of Infectious Diseases: Environment and Health
2018 – 2021
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Collaborative Research Teams

Sustainable Fisheries and Stock Assessments 2018 – 2021

Statistical Methods for Public Health Microbiology 2018 – 2021

2019 – 2022

Contingent Capital and
Calibration of

Capital Structure Models

Statistical methods for
the analysis of

genetic data with
survival outcomes
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Other Programs

• postdoctoral fellows in 2019 joint with SAMSI at University of Victoria

• Health Science Collaborating Centers
11 centers across the country – emphasis on experiential training

• partial support for workshops and conferences

• support for ASA Datafest and other data-thons

• Distinguished Visitors Program

• KickStart Collaborations
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Some statistical challenges in data science

• inference in very high dimensions (p→∞)
requires dimension reduction or sparsity assumptions

• standard statistical methods may not scale well (n→∞)
distributed computing

• data provenance and quality
“big data has arrived, but big insights have not” Harford, 2014

• learning causal relations from observational data

• data is everywhere requires rapid increase in training
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In praise of small data
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In praise of small data
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