STATISTICS FOR BIOINFORMATICS SPRING 2001, SPEED/YU

Lecture 6: Summary

Let X take values xy, ..., x, with probability p, = pr(X = ),
EX = Y wip (=)

Var(X) = E[X — EX]?
= E[X?] - [EX]?

SD(X) = y/Var(X)
Properties
1. EXL, a;X;] =L, a;EX;
2. SD(a +bX) = |b] SD(X)

3. Var[Y, a;Xi] = X, a?Var(X;)  if Cov(X;, X;) = 0 for i # j

1=

In general, Cov(X;, X;) = E[(X - EX)(Y - EY)] which gives,
I
Var Z Z aiVar(X;) + Z a;a;Cov(X;, Xj)

i=1 i#]

All the properties still hold when X if continuous.

Discrete Continuous
()
!
EX
EX = /Oo zf(x)dx = ux

Var(X) = EIX?] - ik



e.g. X ~ Uniform on [a,b]
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Theorem: Xi, ..., X, - sampling without replacement
() F(%) = g
(ii) Var(X,) = %02 + ”n;lCov(Xl,Xg)
(ifi) Cov(X1, X) = —+2=
Proof: (i) Xi, ..., X, have the same distribution as X;

E(X,) =E(X;) = %;aﬂz =pu

(i1) (Xj, Xk), j # k, have the same distribution.

_ 1 1
Var(Xn) = — ZV&I(XZ) + ) Z COV(XJ'7X1€)
" " ik
1 —1
= —ol4 1 Cov( X1, X2)
n n
Moreover, Cov(X;, X3) = ];;:21 Hence
E(X.) = u
- 1 _,N—n
Var(X,) = —o?
ar(Xn) n’ N-1
. 1 N—n
SD(X,,) = —
(Xn) \/HU N -1
N _
N 7; is known as the correction factor.



Need to calculate:

X, ‘l’l Ty ... TN
) T

1. EX; = %Z”{}Z =pu

2. Var(X;) = (%er) —p? = o?

3. Cov(Xy, X2) Assume z; are distinct
1 Z9 T
O T
T2 vwr 0
T, 0
1 N
E|X: X, = i — Ty
[X1X5] N(N—l);x ;:z;] x
= J=
2

COV(Xl,XQ) = E[(Xl — EXl)(XQ — EXQ)]
= E[X:X: — XiEX; — (EX1) Xy + EX1EX)]
= E[XiXy] - EXiEX, — EX{EX, + EXGEX,
(X1 X

= E[X,X;]-EX;EX,
- [FE - ()]
- _(Nj—l) &i_”]

-



|
| —
[\~
—_

Var(X,) = —o —I—n_ Cov( X1, X2)
n n

B o? n—1< 1 > 9

on n N-1/)7
B UQ[N—n]
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“Correction” relative to Sampling with Replacement

EX, = u, Var(Xﬁ:%, when & — 0, sampling without replacement = sampling with re-

placement.

Correction factor:

N —n n n
1—— 1 as — )
N1 N — as N — 0

e.g. N =1000, n = 2, then \/3=2 = /28 = 0.9995 =1

12

e.g. N =314, n = 91, then /J=2 = 0.84.

Report of result: X, + ﬁ\/w
We have:

N —n
N -1

Let o, the population standard deviation, be unknown.

SD(X,) = in

Estimators for standard errors

Estimate 0% and plug-in




E(s*) = o?if Xy, ..., X,, are independent and identically distributed. X, ..., X, - sampling

without replacement.

2N N 2
E(s®) = N _1°
so E [52 NA_[ 1] = o?
2 — _
El%NN "] = Var(X,)
0-1 Population
N i 1 X
r = {0.1) p= ZSU (g DY ()]

Now, pp = 7 and o? = 7(1 — ).

X, +
vn—1 N
Example
900 SRS
tax forms
gross incomes
N = 50,000, X, =375 K, s=19K

p = 7: Estimate average gross income with a measure of sampling error:

_ s N —n
X, + —
VY N—1
375 + 19 x 0.99 = 37.5 + 0.627K



