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Statistics and Probability
Basics

Pr(x, y) = Pr(X = x, Y = y) [joint]

Pr(y) =
∑
i

Pr(X = xi, Y = y) [marginal]

Pr(y|x) = Pr(X = x, Y = y)∑
j Pr(X = x, Y = yj)

[conditional]

Law of iterated expectations

E(Y) =
∑
i

E(Y|X = xi)Pr(X = xi) = E[E(Y|X)]

Mean square error (MSE)

Let θ be an unknown parameter and Tn(θ) an estimator for it.

MSE(Tn(θ)) = E[(Tn(θ)− θ)2]

Sums of random variables

E(a+ bX+ cY) = a+ bµX + cµY

var(a+ bX) = b2σ2X

var(aX+ bY) = a2σ2X + 2abσXY + b2σ2Y

var(Y1 + . . .+ Yn) =
∑
i

var(Yi) +
∑
i

∑
j6=i

cov(Yi, Yj)

E(Y2) = σ2Y + µ2Y E(XY) = σXY + µXµY

cov(a+ bX+ cR, Y) = bσXY + cσRY

Mean and Variance estimators
Y is a r.v. with mean and variance µY and σ2

Y

Ȳ =
1

n

n∑
i=1

Yi E(Ȳ) = µY var(Ȳ) =
σ2Y
n

σ̄2Y =
1

n

n∑
i=1

(Yi − Ȳ)2 E(σ̄2Y) =
n− 1

n
σ2Y

S2Y =
1

n− 1

n∑
i=1

(Yi − Ȳ)2 E(S2Y) = σ2Y

P-value
Y is a r.v. with mean and variance µY and σ2

Y

H0 : E(Y) = µ0 H1 : E(Y) 6= µ0

p− value = PrH0 [|Ȳ− µ0| > |Ȳact − µ0|]

Econometrics

OLS estimators

β̂0 = Ȳ− β̂1X̄

β̂1 =

∑
i(Xi − X̄)(Yi − Ȳ)∑

i(Xi − X̄)2
=

COV(X, Y)

VAR(X)

Variance of OLS estimators

σ2
β̂0

=
1

n

var(Hiui)

[E(H2i)]
2

with Hi = 1− µX
E[X2i]

Xi ,

σ2
β̂1

=
1

n

var[(Xi − µx)ui]
[var(Xi)]2

.

Standard errors of OLS estimators

SE(β̂0) =
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2
iû
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n
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2
i]
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with Ĥi = 1−
(

X̄
1
n

∑
i X

2
i

)
Xi

SE(β̂1) =
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