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Simple random sampling is a method of drawing a
sample such that each and every unit in the

population has an equal chance of being included
in the sample.

SIMPLE RANDOM SAMPLING(SRS)

SRS WITH SRS WITHOUT
REPLACEMENT(SRSWR) REPLACEMENT(SRSWOR)

SRSWR | Each unit is replaced before the next drawing.

SRSWOR | Each unit is not replaced before the next drawing.




¢ In SRSWR ,the probability that it" unit is selected at any
draw
1

P(u.) = N Vi
% 7. is the probability that it" unit is selected in the

| .
sample of size n.

7. =1—P(i" unit is not selected)
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X TTi; s the probability that both the it" and jt unit

is selected in the sample of size n.

T = P(i" unit and j" unit is selected in the sample)

= P(|th unit Is selected) P(Jth unit iIs selected)
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Theorem1: In case of SRSWR , sample mean is an
unbiased estimator of the population mean.

Proof: Sample size = n and population size = N

Let Y, be the value of the character y for the i*" unit
of the population.

. N n
Y :%ZYi = Populationmean and y :EZ y. = Samplemean.
i—1 N5

=1
_ 1O L 1 -
E(Y) = E(EZ yi) = HZ ECy) = H-n-Y
1=1 1=1
. Sample mean is the unbiased estimator of the population mean.
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Corollary:

N
E(N.y)=N.E(Y)=NY =>Y, =Y, the populationtotal.

-.Y is an unbiased estimator of population total = N.y

Theorem Il: The sampling variance of sample mean is
given by
s 0-2
v Jevi)= 2

n )
N
where, o :%Z( ) IS the populationvar iance.



Proof: V(Y)=E[{y- E(Y)}z] n
~ E{y-Y¥1-E{ Yy, - V¥

~EL{> (- )¥]

—E[Z(y. =YD (Y=Y )y - Y)]

Iij

—[ZE(y. =Y+ > E(y =Yy, -Y)]
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Corollary:

)V (Y)=V(N.y) = N2V (y) = N°.c
1l —_m_ 1 G_Cy
i) Ther.se.of y= o) ST

C, Isthe populationcoefficiert of var iation



Theorem IlI: An unbiased estimator of sampling variance
of sample mean is given by

~ 6% S
V(Y)=—=—;
n n
wheres® = iZ(yI V), is the sample mean square
N—1%5
Proof: o
V(y)=—

E(s1) = ETY i - ny']

1 - _
=n—E[Z i E(Y")
- i=1
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Corollary: = Unbiasedestimateof.r.s.e. will be C(y) = T
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¢ In SRSWOR ,the probability that it" unit is
selected at any draw is 1/N.

Let U,; be the event that the it" unit is
drawn at the 15t draw.

P(U.; ) = 1/N, if there are N units in the population.
P(U:, ) = P(i*" unit appears at the 2" draw.)

= P(it" unit does not appear at the 15t draw.)P(it" unit
appears at the 2" draw /it" unit does not appear at
the 1%t draw.)



Therefore, P(U, ) = (1 - 1/N). 1/(N-1)= {(N-1)/N}{1/(N-1)}
=1/N

P(U:. ) = P(it" unit appears at the rt" draw.)

= P(it" unit does not appear upto (r-1)*" draw.)
P(ith unit appears at the rth draw /it" unit does not
appear upto (r-1)" draw.)

R
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Here, P(U. ) is independent of r.

So, in SRSWOR ,the probability of drawing it" unit at any
draw is 1/N.

X 7Z'i is the probability that it unit is selected in the
sample of size n.

A; be the event that the i unit is selected at the j®
draw. j = 1(1)n.

In SRSWOR , As are mutually exclusive events,
j=1(1)n.



% .. isthe probability that both the it" and jt unit
is selected in the sample of size n.

Ty = P(i"™ unit and j™ unit is selected in the sample)

= P(@i"" unit is selected).
P(j" unit is selected / i" unit is already selected)




Sample mean is the unbiased estimator of

Theorem I:
population mean.
Proof: Same as in case of SRSWR.
2 2
Theorem II: V(y):N_n S N-no

N n N-1'n
WhereV (Y) Is the sampling var iance of sample mean.

S% = N 1Z(Y —-Y)? = Populationmean square

N
=——.0
N -1

N -
o’ = Populationvar iance = %Y (Y. -Y)’.



Proof: V(Y)=E[{y- E(Y)}z] n
~ E{y-Y¥1-E{ Yy, - V¥

~EL{> (- )¥]

—E[Z(y. =YD (Y=Y )y - Y)]

Iij

—[ZE(y. =Y+ > E(y =Yy, -Y)]

Iij

- 7\ 2 /| V2
> F[E{E (Y =Y) .—}+ZZ{ZZ (=0 =N R _1)}1
L o2+ N0 2200V

=—[no” +
n N(N —1)




LZN;(Yi —Y)T = izi;(vi Y ) +Z§l(vi ~Y )y, -Y)
or,0=N.o" +Zi_(¥i -Y v, -Y)
o, ZZN_:,(Yi ~Y )Y, =Y )=-No"

Yy , n(n-1) 2
..V(y)—nz{na N(N—l)'NG}

1{N—1—n+1 2} N-n o
O

“nl (N-1) T (N-1) n



Show that sample mean square is the
unbiased estimator of population mean
square in SRSWOR.

Proof: E(SZ) = E(nizn:()/. - y)Zj

Theorem llI:

_1|—1
1 L 2 n — 2
- F| —— c_
(n—l = ) n—lyj
1 i L 2 —2 .
=——| > E(y,")—nE(y )
n-1|4=
1 N 1

= ZZYZ——H{V(yHE (y)}

-1 G5




N { N —n 1} , n [Nn-n—N+n
=—|1- — |o

n-1|° N-1'n n-1| n(N-1)
_n N(n-1) 2 :LGZ:SZ
n—1| n(N -1) | N-1

N—-n s°

~E(s?)=S2%and V(y) = N




Efficiency of sample mean under SRSWOR over SRSWR :

_ N-n S°?
V(y)WOR: N '

_ N -1 N —n n—1
VWwe =" 8 = S e S

=V (Y)wor +2a positive quantity.

NV (Y)wr >V (Y)wor- Equality holds if N isvery large
compared to n.

So, SRSWOR i1s more efficient than SRSWR.



Variance of the estimate of the population total and its
unbiased estimate :

NV Is the unbiased estimator of the population total.

2
V(Ny) = NV (7) = N2
N

A 2
V(NY) = N& (1) = N2.9- N2
N N
1 2
87 = — (y, —¥) is the unbiased estimator of the
n—1%7

population variannce in SRSWR.



Ny is the unbiasedestimatorof the populationtotal.

. 2
V(NY) = N&V (y) = N2V =1 S
n

N
2
V(NY) = NV (7) = N2 V= n S*_ e Non s’
N n N n
n 2
-+ 52 = il (y, —¥) is the unbiased estimator of the
N—1%5

population mean square in SRSWOR.
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