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In the news

CDC Apr 4
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https://www.cdc.gov/nchs/data/hestat/maternal-mortality-2021/E-Stat-Maternal-Mortality-Rates-H.pdf
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In PNAS

Bjerre-Nielsen, et al. “Task-speci"c information
outperforms surveillance-style big data in predictive
analytics”
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In PNAS

Hada, et al. “Con"dence
intervals for policy
evaluation in adaptive
experiments”
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Today Start Recording

1. HW 11 due Friday April 9
Take-home posted April 9 due April 19 April 8 if I can

2. Friday April 9: Inference for Visualization, Chenghui Zheng;
Data science at CIBC, Manuel Blain

3. Week of April 12: No classes. Usual O'ce hours. Monday 7pm; Thursday, Friday 11am

4. Course evaluations available until April 12
5. Sketch of some ideas in Causal Inference
6. Review of course

• Apr 12 3.00 – 4.00 pm EDT, Data Science ARES,
Alison Hill, RStudio, “Cra'ing kind tools”
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https://canssiontario.utoronto.ca/event/ares_alison_hill/
https://allisonhorst.github.io/palmerpenguins/


Recap

• multivariate distributions: normal, multinomial AoS Ch 14

• testing independence: correlation ρjk, χ2 tests AoS Ch 15

• classi"cation – parametric and nonparametric AoS 22

• Markov random "elds SM 6.2

• Directed acyclic graphs SM 6.2.2

• Graphical Gaussian models SM 6.3.3

methods for studying relationships between variables

a word on modelling
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A word about models SM Ch.5,6
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Causal Inference AoS Ch.16

• X – binary treatment indicator “treatment”

• Y – binary outcome could be continuous

• “X causes Y”
• “X is associated with Y”

• potential outcomes C0, C1
• consistency equation two expressions
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Causal Inference AoS Ch.16
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Causal treatment e!ect AoS Eq. (16.2)

θ =

α =

If X is randomly assigned, then
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Example 16.2

‘
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De%nitions of causality SM §9.1.2

Mathematical Statistics II April 7 2021 8

7
If we have co G I X hit ass't the

0 2

We usually havecovarates Z

G c 1 X f giver Z
O Ecc Ecco where

Ez EK Z Ecco Iz Z t

0oz ECC I 2 2 Ecco Z

causal effectof tut
ingroup



Causal regression function AoS §16.2
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No unmeasured confounding AoS §16.3
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No unmeasured confounding SM §9.1.1
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No unmeasured confounding SM §9.1.1
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Criteria for causality

2101 Oct 22 slide 6
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Summary

• likelihood function, MLE, asymptotic normality of MLE, LR, delta method, su'cient
statistics, exponential family, MLEs are “BAN”, Newton-Raphson, EM algorithm,
quasi-Newton

• hypothesis testing, null hypothesis, alternative hypothesis, type I and type II error, size,
power, test statistic, critical regions, optimal tests, NP Lemma, tests based on
likelihood function (Wald, LRT, GLRT)

• signi"cance testing, p-values, p-hacking, goodness-of-"t tests, diagnostic testing,
multiple testing, FWER, Bonferroni, Benjamini-Hochberg
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Summary

• Bayes’ theorem, Bayesian inference, priors, likelihood, credible intervals, posterior
modes, posterior distribution, HPD intervals, approximations to posterior, two-sided
p-values,

• types of priors – conjugate, subjective, objective, noninformative, +at, matching,
Je,reys’, Bayesian computation – Laplace, importance sampling, MCMC, Bayesian
philosophy, empirical and epistemic probability,

• posterior predictive distributions, hierarchical models, empirical Bayes

• decision theory, loss functions, risk function, Bayes risk, admissibility, Stein’s paradox,
minimax risk, Bayes rules
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Summary

• multivariate normal distribution, inference for correlation, maximum likelihood
estimates, partial correlation, gaussian graphical models, conditional independence

• multinomial distribution, χ2 testing, independence testing, classi"cation and
regression

• directed acyclic graphs, gaussian graphical models, Markov property, confounding,
causality, potential outcomes,
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