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Getting rid of the superfluous information
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How the presentation could have started, but didn’t:

Proof that statisticians can speak alien languages

 Let (QQ,K,P) be a probability space, where H__, T‘.-
(Q,K) is a measurable space and
P: K+~ [0,1] iy i L
is a probability measure function from the c- ——
algebra K. It is perfectly natural to ask — . gt

oneself what a c-algebra or c-field is.
Definition. A o-field is a collection of subsets
K of the sample space Q with

| &

®eK,AeK= A°eK,A A,.cK=UAceK

Of course, once we mastered the c-algebra _ _
or o-field concept it is only reasonable to ~ EVery sample space is a particular case of

wonder what a probability measure is probability space and weighting is

following properties

a P(Q)=1 A,A,,..cKdisjointsets= P(UA)=> P(A)
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Why simple questions can
have complex answers?

Question: What is the average length of
In-hospital stay for patients?

Complexity: The original question is imprecise.

New question: What is the average length of stay for:

— Several hospitals of interest?
— Maryland hospitals?
— Blue State hospitals? ...
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"Data” Collection & Goal

Survey, conducted in 5 hospitals

Hospitals are selected

* Npospitar PAtIENES are sampled at random
Length of stay (LOS) is recorded

Goal: Estimate the population mean
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Procedure

Compute hospital specific means

 “Average” them
— For simplicity assume that the population variance
IS known and the same for all hospitals

How should we compute the average?
Need a (good, best?) way to
combine information
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Hospital  # sampled Hospital % of Total Mean Sampling
size size: 1007, LOS variance
r]hosp >

1 30 100 10 25 %130
2 60 150 15 35 c2/60
3 15 200 20 15 o0?/15
4 30 250 25 40 02130
) 15 300 30 10 o0?/15
Total 150 1000 100
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\Weighted averages

Examples of various weighted averages: Z W, X

Weighting Weights Mean Variance
strategy x100 Ratio
Equal 20 20 20 20 20 25.0 130
Inverse 20 40 10 20 10 29.5 100
variance

Population 10 15 20 25 30 23.8 172

Variance using inverse variance weights is smallest
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What Is weighting?
(via Constantine)

* Ecoevye: o YEVEPOA OO O YOUTLTLVY
O WEPOLYET

" Tnepe ape LWOATITAE OELYNTLVY CYNEUEC

= Muviple maplovye Py voLVY LVBIEPGE
WOPLAVYE WELYNTC

" MivipiCe Brac ¢op TNE TOTLAATIOV LEALY

" [ToAy vy merynto
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What Is weighting?

The Essernice a general (fancier?) way of

computing averages

 There are multiple weighting schemes

e Minimize variance by using inverse variance
weights

* Minimize bias for the population mean by using
population weights (“survey weights”)

* Policy weights

e “My weights,” ...
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Weights and their properties

o Let (1, 1, s, Hy, us) be the TRUE hospital-specific LOS

e Then ZWi X estimates ZWiﬂi

e Wy ===, =ps=p =% 1 1 ANY set of weights that
add to 1 estimate z_ .

e S0, Iit's best to minimize the variance

* But, if the TRUE hospital-specific E(LOS) are not equal
— Each set of weights estimates a different target
— Minimizing variance might not be “best”
— An unbiased estimate of x_sets w, =

General iIdea

Trade-off variance inflation & bias reduction
£
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Mean Squared Error

General idea
Trade-off variance inflation & bias reduction

MSE = Expected(Estimate - True)?2
= Variance + Bias?

e Bias Is unknown unless we know the
(the true hospital-specific mean LOS)

 But, we can study MSE (u, W, 7)
e Consider a true value of the variance of the between

hospital means
o Study BIAS, Variance, MSE for various assumed

values of this variance
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Mean Squared Error

e Consider a true value of the variance of the
between hospital means

T =2(y - )2

o Study BIAS, Variance, MSE for optimal
weights based on assumed values (A) of this
variance

e When A =T, MSE Is minimized

 Convert T and A to fraction of total variance
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The blas-variance trade-off

X Is assumed variance fraction
Y Is performance computed under the true fraction

0.06

0.04

0.02

Variance

Fraction of variation associated with variation in 28
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Summary

Much of statistics depends on weighted averages
Choice of weights should depend on assumptions
and goals

If you trust your (regression) model,

— Then, minimize the variance, using “optimal” weights
— This generalizes the equal us case

If you worry about model validity (bias for ),
— Buy full insurance, by using population weights

— You pay in variance (efficiency)

— Consider purchasing only what you need

Using compromise weights
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EURQO: our short wish list
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