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Jan 19

Linear regressions
from a Bayesian
perspective

1. Linear regression with one
covariate

2. Joint posteriors

3. Interpreting coefficients

on log-scale

4. Linear regression with

many covariates

5. Estimation and working

with samples in R
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Ui = a for men

Ui =a + B for women



y; ~ Norm(y;, o)

Hi = a -+ pw;

a ~ Norm(0, 30)
Z»,B ~ Norm(0, 30)

o ~ Unif(0, 50)




Determlnlstlc

relatlonshlp

~ Norm(O 30)
o ~ Unif(0, 50)

/

Stochastic
relationship



No predictors One predictor

i~ Nom(p,0) | [y ~ Nom(z,0)
u ~ Norm(0, 30) U, = a-+ pBw;
o ~ Unif(0, 50) a ~ Norm(0, 30)

B ~ Norm(0, 30)
o ~ Unif(0, 50)




Alternatre expressions

One model,
three representations

yi ~ Norm(y;, o) yi = a-—+ pw; + g
U = a+ Bw; y; ~ Norm(a + Bw;, o)|&; ~ Norm(0, o)



When we estimate this model,
we get a single joint posterior
distribution for all three
parameters:

Pr(a, B, o|D)

What can we do with a
joint posterior?



with the posterior

Data:
Pr(a O ‘ D) Sample of 35,124 working
7ﬁ’ adults in the United States
1.Describe the marginal
- - - “ Std.
posterior distributions Vean  Dev  2.5% 9759
Pr(a|D),Pr(B|D), Pr(c|D) ad 10382 0009 10.364 10.400
B 043¢ 0013 -0459 -0.408

O 1.201 0.005 1.212

1.230




with the posterior

Data:

Pr(a O ‘ D) Sample of 35,124 working
7 ﬁ’ adults in the United States

2.Describe posterior y; ~ Norm(y;, o)
probability of B
theoretically relevant Hi = a+ Bw,
scenarios a ~ Norm(0, 30)
Pr(B8 < 0|D) B ~ Norm(0, 30)

o ~ Unif(0, 50)



Data:

Pr(a 0) ‘ D) Sample of 35,124 working
7 ﬁ’ adults in the United States

3.Describe the ‘partial’ joint 3
posterior distribution

Pr(a, B|D)




g-scale coefficients

yi = log(income,) R gl JHaS Norm(l«’iao) pi = a for men

= a + B for women

b = a4+ pw; «——U

Std.
Mean Dev. 2.5% 97.5% ol A 30 973
a 10.382 0.009 10.364 10.400 ’
B -0434 0013 -0.459 -0.408 e” ~ 0.648
g 1221 0005 1.212 1.230 elaTh) — % x &f 20,910

In general: if the outcome variableisona _ .~
log-scale, then exponentiating coefficient
estimates (e?) gives multiplicative factors h

exp(—0.434) =~ 0.648: -
These results suggest that women make
about 35.2% less than men on average ° | | —y

-1.0 -0.5 0.0 0.5 1.0




Modeling iIncome

Adding covariates
y; ~ Norm(y;, o)
y; = a + Byw; + B.age; + Bzcollege;
a ~ Norm(0, 30)
B, ~ Norm(0, 30)
B, ~ Norm(0, 30)
B; ~ Norm(0, 30)
o ~ Unif(0, 50)

compact
notation: y; ~ Norm(u;, o)

y; = a + Byw; + B.age; + Bzcollege;

a, B4, B, B3 ~ Norm(0, 30)
o ~ Unif(0, 50)



