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Lecture 6. Sampling Distributions Statistic(s) it &
FUR = A * Constructed to estimate a parameter (characteristic).
:l (Q: Is it well-defined??) e E.g., the sample mean is constructed to estimate the
population mean if the sample is randomly collected.
Similarly, the sample variance is constructed to

estimate the population variance, ... etc.

I:| X1,X2,X3,...,Xp e The ‘variation’ property of a statistic under
repeated samplings. (& it L 3F Al Rk R T €45
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# . & (realization ) %

Distributional function 4 % 3 #ic

F(B) e Sampling distribution_of a statistic
Random sampliqg,w"‘é@#ﬁ\ﬁ -- sampling distribution of the sample mean
PRt ..0'.
Characteristics of thg'population (distribution), e.g., -- sampling distribution of the sample variance

mean? median? mode? standard deviation? skewness?
kurtosis?

»
Parameter(s) %-#c * #c




Example 1
Bk X & - Bér e %5 At o (head), B4 X=1;

F & (tail), ]2 X=0; % P(X=1)=p. {18 B8 X JRA
Bernoulli 4 #,X~Ber(p) > 4r% p=0.1> B X & % {] 5 °

HE

I.“;lau"ro.nﬁ

-k
FBX=-- B

-
Pp=clio1) 09y
clie1)'os® "
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(sample mean (# * T 35¥) =X )
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AFX+Xp)2=0 2% 5 09x0.9= 081
Xi+X3)2=05 2 #F 5 2x0.9x0.1 =0.18
Xi+Xp)2=1 24#F3  0.1x0.1= 0.01
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Example 1. (Cont.)

BELRPREFR B2 TEREFET X F XX X5 0
A X +Xo+ X5+ X+ X5)/5=2222

sample mean (3 * T }53¥) =x
P o X+ X0+ X+ X+ Xs)/5=% & - B#ciE @ - B
AR P
X +X, + X5+ X+ X5)/5=
0 248%F%  Cy0.1)" (0.9)° =0.59049

%
02 2#%3i  5C(0.1) (0.9)" =0.32805
0.4 2 48%%  Cy0.1)% (0.9)’ =0.07290
0.6 24%3%  5C30.1)° (0.9)>=0.00810
0.8 2Z#F3L  Cl 0.1)" (0.9) =0.00045
1.0 248%F % sCs(0.1)° (0.9)" =0.00001

#r3 EPF aR 4eaz k1 1.00000
FHAEHL THAKE 5, B AT IoE(X)L B EA
# o L% @WE : (See the last page)

Example 1. (Cont.)

AW ¥ ZTHEHERE 100 = > #F X,Xpe0Xp00 B
sample mean (# * T 32#) x =X;+X,+...+Xj00)/100=?
P o xFEAF RO

P (Z Xi=x)=190C(0.1)"(0.9)'""* > # T % :




Example 2

- Probability [ x | _ Probability | x | _ Probability
X X X o — Al distribation , KF 2 T ERINE L X 89 dispibation
0.00 | 0.00002656 | 8 | 0.08 | 0.11482303 | 16 | 0.16 | 0.01929172 e AF N P(X=v) , x& X &Y ¢r GG b0k
0.01 | 0.00029513 |9 | 0.09 | 0.13041628 | 17 | 0.17 | 0.01059153 vedn < {8p- 7R3

- o )17
0.02 | 0.00162320 | 10 | 0.10 ||0.13186535|| 18 | 0.18 | 0.00542653 ’ " c.15

F,.' X_ e ‘ = tac

L) o4
0.03 | 0.00589160 | 11 | 0.11 | 0.11987759 |19 | 0.19 | 0.00260219 .- 0.18

Heté
0.04 | 0.01587460 | 12 | 0.12 | 0.09878801 | 20 | 0.20 | 0.00117099 T =

0.05]0.03386580 | 13 | 0.13 [ 0.07430210 | 21 | 0.21 | 0.00049566 .____ﬁr___/

0.06 | 0.05957873 | 14| 0.14 | 0.05130383 | 22 | 0.22 | 0.00019776 & X 4G diswidution 2218 F(-)

0.07 | 0.08889525 | 15 | 0.15 | 0.03268244 | 23 | 0.23 | 0.00007452 Question:H_F(9)? #5 & B (i B a3 %) @5 X, v

X; 0 Bl X = (X1 +X;)/2 &4 4% A # (sampling distribution) % i@ 2?2
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KR Xi=1 |X=1 X;=1 Xi=4 | X;= X;=6

Xo=1 (X225 [Xo=3; | Xo=1; |Xo=15 | Xo=I; H -=== : neloo
X1= X1:3 X1= X1:4 X1= ‘fg
X,=1 X,=1; Xo=2; | X5=2; | X,=2; ,:."
Xi= X= X;= X;=4 'i
X,= Xo=3; | Xo=3; | X,=3; )4
X1=1 X1:2 X1= ":
Xo=4; | Xo=4; | Xp=4; /!
X|=1 X]Z 1
X,=5 | X,=5; ] 21 s I
X,=1 T 4-1-1 4 L~k
X,=6 g 3 5 é

# & 0.0289 | 0.0255x2 | 0.0340%2 | 0.1076 | 0.1432 | 0.1644
=0.0510 | +0.0225

=0.0905 S S e
X 4.0 4.5 5.0 5.5 6.0 " ’
KRN X1=6 X1:6 X1=6 X1:6 X|=6
X2=2; X2=3; X2=4; X2=5; X2=6 .o AL,
X;=5 |[X;=5 X;=5 X,= 1% r%?f\/m\ﬁ;
Xo=3; | X;=4; X,=5; X,= ( nteo)

X1=4 X1=4 X1=4
X2=4; X2:5; X2=6

X1:3 X1=3
X2=5; X2=6;
X1=2

X2=6

k3

F 0.1396 | 0.1144 0.0772 0.0576 | 0.0256 | X=1.0000

X 2_4b % A # (sampling distribution) §; :
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(Sampling Distribution of the Sample Mean)
< fw o % B oexamples 42 0 R s F(H 2 F(0)35 5 ddt
4] (discrete-type) * % # & He(n) i | FF 0 403 B X 2 o A
ok A3 MEE e & AE R A M) B B X g A
H oz 3B 2w Jp e 2 155 % 38 (Central Limit Theorem,

CLT) 2 $1% X efd % A # th— 13 37 G2 (approximation)!

o % et F(0) 5 i 4] (continuous-type) P& » i #F 17 o
cE R4S T FE) A F AT Nwo)pE? [

CONCLUSIONS: If there is a random sample drawn from a
population with distribution F(e), i.e., X;,X;,.... X~ F(?) &

E(X)=p > Var(X)= ¢’
» F(*)= N(j1,6°), then X ~N(1,0" /n), exactly (for all n)!!
« F(*)# Normal, then X~ N(u,cs2 /n), approximately
(for large n)!! (CLT)

BRASEHRZPHRALT K
(Sampling Distribution of the Sample Variance)

« Specifically, if X;,Xz,.++,Xn ~ N(11,6%)

We have (X;—)/ 6 ~N(0,1) <=——= (standardization!),
(Xa—11)/ 6 ~N(0,1), eevvrrrerrrrrrrrnnnnnns ,
(X1 6 ~ N(0,1);

o,  (Xw o~y
[0, T R L ,

of freedom, d

Note: G,

% Ximw) /o~ s or (1/6”) E (Xi—p) *~
(1/6%) Zi X X )~ e

of, [B (X=X ) J/(0-1)~ 6® 2us/(n-1) [see Q1]
E [Z X X ) %(0-1)]= 6* E [oftns] /(0-1)= &>

We say the statistic §’= % Xi—x )2/(n-1) (sample variance) is
an unbiased estimator of o> GCEE 2 E S N -3

(population variance) ¢* e~ 1 % i i 3455 (2) © )




