Statistics Inferential statistics

Bias of a point estimator @ of a parameter 8 (definition)

Bias(8,0) =E6 — 6

Clarification. 6 is a parameter of the (population) probability distribution (8 is an unknown constant).
0 is a random variable called a point estimator of the parameter 6. The value of 8 is calculated in the process of
sample study, it is used as an estimate for the value of the unknown parameter 6.

Mean squared error of an estimator 8 of a parameter 6 (definition)
MSE(9,0) =E((6-6)")

Property of the mean squared error

MSE(9,0) = Var 8 + (Bias(d, 0))"

Unbiased estimator 8 of a parameter 8 (definition)

Bias(8,0) =0

Properties of the unbiased estimator

EO =06 MSE(f,6) = Var 8
Relative efficiency of two point estimators (definition)
~ ~\ _ MSE(6,,6)
8(61’92) ~ MSE(8,,6)

Comparison of point estimators

MSE(8,,0) < MSE(0,,6) forall 6
MSE(8,,6) < MSE(8,,0) for some 6
e(81,0,) = 1forall 6

e(9y,0,) > 1 for some 6

e Definition. §; is more efficient than 8, {

e Property. 0, is more efficient than 8, < {

Standard estimators and their sample distributions

Estimator Formula Properties Sample distribution
k -
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An estimator of ¢? 2 1 < 2 Es? = g? X ~N(u,0%) = xands?are
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when u is unknown n—-1 & MSE(62,62) < MSE(s2,0'2) independent; s* ~ —X n—-1)
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Consistency of an estimator (definition)

0 is a consistent estimatorof § < VO lim 8 = 6

n—->oo

Sufficient condition

0 is a consistent estimator of § & VO lim MSE(@, 9) =0

n—-oo
Clarification. p, X, 2 and s? are consistent.
Confidence intervals
Example (a 2-sided z-interval for the population mean)
_ o
ll =X i Z 2 X —
a/ \/ﬁ
Notations
e Confidence level: p
e (Criticalleveba=1—-p
o Critical value: z,,
P(Z > Za/z) =a/2
e Standard deviation of the sample mean: \/%
e Standard error of the sample mean: \/%
M . f . _ o _ S
o argin of errorim =z, X =orm = zg/, X &=

General formula
Confidence interval = (Point estimator) + (Margin of error) =

= (Point estimator) + (Critical value) X (Standard deviation of the estimator)

Hypothesis testing. Notions and notations

e Null hypothesis: H,

e Alternative hypothesis: H,

e Significance of the test: « = P(type I error) = P(reject Hy|H, is true)

e [ = P(typell error) = P(not reject Hy|H, is false)

e Powerofthetest:1—p

e Test statistic: Z

o p-value: P(|Z] > |zq/])
Clarification. This p-value implies that H, is a 2-sides alternative hypothesis. For 1-sided H, p-value can
be P(Z > z,) or P(Z < —2z,).

e Rejection rule: reject H,, if p-value < a.
Clarifications. 1. The lower p-value is, the stronger statistical evidence to reject H, in favor of H, is.
2. A value of the test statistic Z is in the rejection region if and only if P(|Z| > |Za/2|) <a.
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