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Expectations

* Suppose we have a population with a random
variable taking on values y,, for i=1,2,...,N with
probability p.. The population mean is

N
Uy = Ei=1piyi = E(y;)



Expectations with a continuous
random variable

* Suppose we have a population with a random
variable taking on continuous values y=g(i),
for i =[0,1] with probability density dy.

* The probability of any range of values is
Pr(isysj)=fdy

* The population mean is

u, = [ g(ndy=E(y,)



Joint expectations
I N N N

Yield 5 0.16 0.03 0.083
10 0.14 0.14 0.16
15 0.03 0.16 0.083

ERevenue) = E(py) = 2y=5,10,152 py-d(py)

p=123

E,(EGIDP)=Y, > 0P Y dpy)

- Ep=172,3(2y=5,10,15y . d(y|p))pd(y)
=(1)(5)(0.16)+ (1)(10)(0.14)+ (1)(15)(0.03) +

(2)(5)(0.03)+(2)(10)(0.14) + (2)(15)(0.16) +
(3)(5)(0.083) + (3)(10)(0.16) + (3)(15)(0.083)
=[(1)(5)(0.5)+(1)(10)(0.4) + ()(A5)(0.H][ 4]+
[(2)(5)(0.1)+(2)(10)(0.4) +(2)(15)(0.5)][4] +
[(3)(5)(0.25)+(3)(10)(0.5)+(3)(15)(0.25)][4] +



Recall we claimed

= E(Y,)-E(Y,)

0]]

=Pr(T, = DE(Y, |T, =) +Pr(T, = 0)E(Y, T, = 0)
-|Pr(T, = DE(Y,, [T, =) +Pr(T, = 0)E(Y,, [T, = 0)]

or

E(Y,) =Pr(T, = DE(Y, [T, = ) +Pr(T, = 0)E(Y, |T, = 0)
E(Y,,) = Pr(T, = DE(Y,,|T, = )+ Pr(T, = 0)E(Y,, [T, = 0)

Why?



Law of iterated expectations

* E(z) =E(z | x)

* Taking the expectation of a random variable,
e.g. z, you can condition on some other
random variable, x, as long as you then take
the expectation over x as well.

e Easiest to see using summations rather than
expectations.



Look at E(Y))

1 N
EX,)=—>Y7,

=%(§(K,-FT,~=1)+§(YN¢E=O))

N, N,
N LE(YHP} _iy|+ Do LE(YU[E =0) |, where N,=#(T,=1 obs), N, =#(T,=0 obs)
N N1 i=1 N NO i=1

= Pr(T, = DE(Y,, 1T, = )+ Pr(T, = 0)E(Y,, 1T, = 0)
- E,(E(Y,, | T)))

Why the last step? Recall that if x is a binary variable taking on values x;
and x, then E(x) = Pr(x=x,)x; + Pr(x=x,)x,



