NTHU STAT 3875, 2018 Lecture Notes

=" Some probabilities in s.r.s. scheme. r’é{l.z.,..,N] ﬂﬂmc'ﬂ pS

Non- |® Random variables Iy, Iy, ..., In: Let I_;g, k=1,...,n, be the @@ @
random | integer label on the kth member drawn from the population {38, b1)
sampling] | s.r.s. with replacement t'50'"P“"'9

— marginal distribution of I: P(I = i) =1/N,foriy =1,..., N.e—

— conditional distribution: Same ma,-g,:naQ
canbeanyl o, (e=ie| =1, Dya =in ) = 1/N = P(I = i) LS

X positions)
= It can be proved that I1,..., I, are independent. -— o —
— joint distribution of Iy, I, . .., I: [—’ I E'L f v
Pl =1,y o = 4n) = [[f1 Pl = ) = 1/N" IRuRene I
e s.r.s. without replacement (8) in L.Np8----‘t Lo o
— marginal distribution of Iy,: P(I =) = 1/N, for i = 1,..., N €¢—

— conditional distribution: for distinct i’s, \cﬁ

S P (I =i |[l=in, [ =ix ) = /(N —k+1)
" ; cf >
(2.9.9 .nﬂl = I,...,I, are not independent.«=&» with repl.
P(Ic=de) — Joint distribution of I1, 1, ..., 1I,: for distinct i;’s,
AN-D! P(Ii =11,...,In = i,)-»(by multiplication law)
=B L = Pli=i)P(lh=islh=i) Pl =inlli = i1, , It = in 1)
(N-A)T = (1/N)1/(N—-1))---(1/(N —n+1)) = (N —n)!/N! «(0) in LNp8
M s{; Ch7, p.10
S205E SIS Similary, the joint distribution of I, and [;, 1 < k <[l < n, is
1

P(Iy = ig, Iy = @) = P(Ix = ig) P(Iy = 4| I = i) = N(N -1)

if i # 17, and zero if i = 7;.

S.r.s Note 3 (Some notes about s.r.s.) r similar Pmbabili{":es (Why ?)

ﬁ,’ ?When n < N, s.r.s. with replacement = s.r.s. without replacement

-zl — Recall. In dichotomous case, when n < N, -
probobility]| with, “—» black & white balls in an urn without
relabed to | repf.. [ binomial distribution & hypergeometric distribution<{_repé.

e The actual composition of an s.r.s. is usually determined by using a ta-
bo caleul ble of random numbers or a random number generator on a computer.

Statistical modeling of data collected from an s.r.s. of size n.

d;;t o Data X, Xy,..., X, Let X, k=1,...,n, be the quantity of interest

dota observed on the kth member in the sample. We have —_—
. @y &

8 Tl =X f(l-'i) = Xp = Ty, P
! trvv — = O ...,
ggt.g.;f.dﬁ; and X1,...,X, are random variables. ,deﬁ‘ned in LNp.3 Lo
&el| @ Recall. The population distribution F assigns probability n;/N on (;
— | forj=1,...,m. (Note. Fj is unknown in a sampling survey)
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e Statistical modeling of Xi,..., X, under s.r.s. with replacement

— marginal distribution of X:
) * X} can take values only on (i, ..., (n, and

Al P(X=G) =P (L€ {iloy = G}) =ny/N,j = 1,.
W m . That is, Xj ~ Fo, k=1,..., 1.4 X1.* ,Xn have same maginal dist.«—;
Ga' I-.@ Because Iy, ..., I, are mdependent X1,...,X, are independent.

v X=§(I) | — joint dlstrlbutlon of Xq1,...,X,: Xi,...,X, are independent
Xa=§(Ia) and identically distributed (i.i.d.) random variables with the

Xn;fr(_n) distribution Fp, denoted by Xy,..., X, L

e Statistical modeling of X7, ..., X,, under s.r.s. without replacement F

marginal distribution of Xk Xk~ Fy, k=1,...,n (same marginal
distribution as in the with- replacement case)

— Xi,..., X, are not independent.«=»> with repl.

— joint dlstrlbutlon of Xy and X;, 1 <k <l < n:

P(Xk — CSaXl — Ct) = P(Xk = CS)P(XZ = Cthk = Cs)

| 4 = P((Ii, L) € {(in,00) | s, = sy iy = &, e 7 1))
L 1l P2 b o e

N X N_1 — NV=1) ’ if CS % Ct (i.e., S ?é t),

Ns ns—1 . ns(ns 1) _
5 x50 = wen £h=6 (e, s=1)

Ch7, p.12

— joint distribution of X4,..., X, is more complicated, €.9. 3 r.v.’s

but its derivation follows the same rule. P (%e=Gs.Xa=Ge. Xg=6u)
derivation Same rule ol e

G
{: Gs=Ge=6u

 Estimation of population mean (and population total)

e population mean: mean p of Fy (unknown parameter)

e GsxGt=6u
s Gs=Gu=Ge

s=Ge=6u
e data: Xi,...,X, (random variables) with distribution related to Fj

e estimation of population mean: use (a function of) the data to estimate u

Definition 7 (statistic, sampling distribution, estimator, estimate, standard error)

e A statistic is a function of data only, not involving any unknown pa-
& 1% rameter. Any statistic is a random variable.<- " data are random

.. .® An estimator 6 of a parameter 6 is a statistic used to estimate 6, and
(551X > — = —

3tE L0 estimate is an observed value (an observation, a realization) of é
° computed based on a specific sample.

e The distribution of 9 is called sampling distribution, denoted by

o The standard error (st.e.) of an estimator 0 cdf}ﬂj—
devigtion| 1S the squared root of the variance of 9 ie., \/ Va’rg( ) "La Sunction of

n 0>
48 An estimate of the standard error of Q is i L g

smaller variance, often

called an estimated standard error of QA mfegg__ggeséumator
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