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This sampling method is seldom used and cannot be recommem?cd fm: general use sing,
It is often biased due to element of subjectiveness or the part of the investigator. However, j¢
the investigator is experienced and skilled and this sampling is carefully applied, then
judgment samples may yield valuable results, :

7-8.2. Probability Sampling. Probability sampling is the scientific method of selecting
sumples according to some laws of chance in which each unit in the population has som,
definite pre-assigned probability of being selected in the sample. The different types ¢f
probability sampling are :

() Where each unit has an equal chance of being selected.
(1i) Sampling units have different probabilities of being selected.
(1i1) Probability of selection of a unit is proportional to the sample size.

7-8-3. Mixed Sampling. If the samples are selected partly according to some laws of
chance and partly according to a fixed sampling rule (no assignment of probabilities), they
are termed as mixed samples and the technique of selecting such samples is known as mizxed
sampling.

The different types of sampling as given above have a number of variations, some of
which may be listed below :

(i) Simple Random Sampling (ii) Stratified Random Sampling
(iif) Systematic Sampling (iv) Multistage Sampling

(v) Quasi Random Sampling (vi) Area Sampling
(vii) Simple Cluster Sumpling (viii) Multistage Cluster Sampling

(ix) Quota Sampling

7-9. SIMPLE RANDOM SAMPLING (S.R.S.)

It is the technique of drawing a sample in such a way that each unit of the population has
an equal and independent chance of being included in the sample.

In this method, an equal probability of selection is assigned to each unit of the
population at the first draw. It also implies an equal probability of selecting any unit from
the available units at subsequent draws.

Thus in S.R.S. from a population of N units, the probability of drawing any unit at the
first draw is 1N, the probability of drawing any unit in the second draw from among the
available (N = 1) units, is 1/(N - 1), and so on.

Let E, be the event that any specified unit is selected at the rth draw. Then

P(E,) = Prob. [that the specified unit i8 not selected in anyone of the previous (r — D

draws and then selected at the rth draw)
r-l
. PE)= H P (It is not selected at ith draw.)
e i=) | ,
% Pt is sclected at rth draw given that it is not selected at the previous (r — 1) draws!
' (By compound probability theorem, since draws are independent)
£t 11,2 ﬁ'N—i Tt o pefal
w pE)= ] [I”N-'(i- n] B (N:-i 1 INTre1 e
inl ; iw b S TN e o 3t
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N-1_ N-2 N-3 N
== X 3y 7 X X ox==f*l 1
N N -17 N-2 XN—r+2xN—r+l=l%
1
P(E) = 3 = P(E)) o (T1)

- This leads to a very interesting and im
without Replacement (srswor), viz.,

“The probability of selecting a specified unit of the population at ) :
.4 the probability of its being selected at the first draw.” P i g cta su, oqtias

7-9-1. Pr.obabilit},t of Selecting Any Specified Unit in the Sample. Since a specified
* ynit can be included in the sample of size n in n mutually exclusive ways, viz., it can be
. gelecid in the sample at the rth draw (i =1, 2, ..., n) and since

portant property of Simple Random Sampling

1
P(E,) =NIT= 1,2,...,n
The probability that a specified unit is included in the sample

n

1 - - P
=2 (ﬁ) = 1% , (by the addition theorem of probability) (72

r=1

Remark. Simple Random Sampling can also be defined equivalently as follows :

Let us suppose that a sample of size n is drawn from a population of size N. Thgre are VC, possible

~ samples. S.R.S. is the technique of selecting the sample in such a way that each of NC, samples has an

§  equal chance or probability p = (UNC,) of being selected, as explained below :

Probability of selecting any unit at the first draw = 37

1

Prob. of selecting any unit out of the remaining (N — 1) units in the second draw = &7

" andgoon, th d
Probability of selecting any unit of the remaining N — (i — 1) units at the ith draw
1 .
_ =3,4,..,0)
=N-G-D "

und probability theorem, the probability of selecting a

(N-1)(N=2) ... (N- n+ D)
o ' here are n ! permutations of
¥ Singe 1 e s r of the sample and since th i
g !hec:agl;':el’:ﬁ;gig;yals (;lr::l;?etﬁgg?: ngfotfh;rz{)‘;%imy' the required probability of obtaining a sample of
AR sim n (ln ’ h . A
any order) is given by : . 1 e

Rl = N
p= W=D W=+ 1 "

-_fince all the draws are independent, by compo
- "3mple of size n in a fixed specified order, i8 [N

88 €quired,

79:2. Selection of a Simple Rar
3 nc"l"nplc-: selection in which every ! b
B nat om sample does not depend upon t
. 20re of the population. Some procedure
o %0 for the Jarge population. Generally,
Properties of sampled population. Pro

Random sample refers to that method
| chance of being selected. But the
leétiun only but also on the size ﬂqd
le and good for small population is
Jection should be independent of
taken to ensure that selected

ndom Sanlplﬁc
tem has an equa
o method of 5¢
which is s1mp
the method of 8¢
per care has to be

i of g
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sample is random. Human bias, which varies from individual to individual, is inherent ip a
sampling scheme administered by human beings. Random sample can be obtained by ap
the following methods :

Ny
Y of

(a) Lottery system Method
(b) ‘Mechanical Randomization’ or ‘Random Numbers’ method.

We shall discuss these methods below.

(a) Lottery System. The simplest method of selecting a random sample is the lottery
svstern, which is illustrated below by means of an example :

Suppose we want to select 7’ candidates out of n. We assign the numbers 1 to n; ope
number to each candidate and write these numbers (1 to n) on n slips which are made ag
homogeneous as possible in shape, size, colour, etc. These slips are then put in a bag and
thoroughly shuffled and then ‘7’ slips are drawn one by one. The #’ candidates corresponding
to numbers on the slips drawn, will constitute a random sample.

. This method of selection is quite independent of the properties of population. Generally
in place_ of chits,_ cards are used. We make one card correspond to one of the units of the
population by writing on it the number of the unit. The pack of cards is a kind of miniature of

the population for sampling purposes. The cards are shuffled a number of times and then a

card is drawn at random from them. This is one of the most reliable m

ethods of selecting a
random sample.

(b) ‘Mechanical Randomization’ or ‘Random Numbers’ Method. The lottery method
described above is quite time consuming and cumbersome to use if the population is
sufﬁ-ciently large. The most practical and inexpensive method of selecting a random sample
consists in the use of ‘Random Number Tables’, which have been so constructed that each of
the digits 0, 1, 2, ..., 9 appears with approximately the same frequency and independently of
each other. If we have to select a sample from a population of size N(< 99) then the numbers
can bet(;]ombinedeVifo b}; 1:w3 'to giv; pairs from 00 to 99. Similarly if N <999 or N <9999, and
80 on, then combining the digits three by three (or four by fou IS

. from 000 to 999 or (0000 to 9999), and s0 on. Since each of theréi?iltdos,ol?gz'.‘.ﬂ.’,e 9g§2c?::;n:)vgth

approximately the same frequency and independently of each other irs
: , S0 doe h of the pairs
- 00 to 99 or triplets 000 to 999 or quadruplets 0000 to 9999, and so on. s each o p

The method of drawing the random sample consists in the following steps :

(i) Identify the N units in the population with the numbers from 1 to N.
(i) Select at random, any page of the ‘random nu
in any row or column or diagonal at random,

D) 'The population units correspondin
the random sample.

mber table’ and pick up the numbers

g to the numbers selected in step (ii) constitute

We give below different sets of random numb
numbers in these tables have been subjected to vario
geries and their randomness has been well establishe

ers commonly used in practice. The
us statistical tests for randomness of 2
| ‘ d for all practical purposes : .
; 1. Tippet’s (1927) Random Numbers Tables. (Tracts for ‘COI.nputer-s No '15 ’Cémbridge
University Press). ot P S35 1 ala
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; 7-15
Tippet number tables consist of 10,400 fo

4-.1 600 digits selected at random from the British censys reports

= 9, Fisher an;l')lﬂf‘—’s (_19318; g‘(;lblc-s .(in Statistical tables for Biological j

b ica Rescarch compl:-nse ,000 digits arranged in twog, Fiehc-r 1550;1’. A.,t,"'lCllf'mml o
B Lies by dl"n“'"}g numbers at random from the 10th to 19th‘di £ f Aa“’-‘? Mo fh‘-'ﬂe
o figure logarithmic tables. =SS Hhomson/el20-

3. Kendall and Babington Spn'th's (1939) random table . .
. rouped into ?5,0(?0 sets of 4 digited random numbers (Tri c‘i‘;n?(;itioof 1’30'00?\1 digits
§  Cambridge University Press). mputers, No. 24,

ur digi ivi
gited Numberg, Eving in all 10,400 x 4, ie.,

4. Rand Corporation (1955) (Free Press, Illinois)

4 el o random n :
b _illion ran dom digits consisting of 2,00,000 random, umber tables consist of one

numbers of 5 digits each.
. Example 7-1. Draw a random sample (without replacement)
| of size 500,

Solution. First of all, we identify the 500 units in the population with the numbers from
© 1to 500. Then we select at random one page of random numbers from any of the random
. number series discussed in § 7-9-2. Starting at random with any number on that page and
. moving row-wise, column-wise or diagonally, we select one by one the three digited numbers,
- discarding the numbers over 500, until 15 numbers below 500 are obtained. Since hare we
. have selected the random sample without replacement the numbers obtained previously (i.e.,
'~ in earlier sclection) will also be discarded. Finally, the units in the population, corresponding
. tothese 15 numbers will constitute our random sample without replacement.

of size 15 from a population

‘ __ The following is an extract from the first set of 40 four-digited numbers in Tippet’s
random number tables :

TABLE 7.2: TABLE OF RANDOM NUMBERS

2952 6641 3992 9792 7969 5911 3170 5624
4167 9524 1545 1396 7203 5356 1300 2693
2870 7483 3408 o762 9563 1089 6918 7691
0560 5246 0112 6107 6008 ' 8126 4233 2::
002 6111 8816
2754 9143 1405 9025 7 ‘

e, the units in the population with the

Starting with first number and moving column-ws 460, 431, 408, 112, will be

| Mumbers ; 995 416, 237, 056, 275, 266, 074, 062, 491, 413, 241,
( “®ired sample of size 15 without replacement. o
L. Remark If the extract gi dom number

i . . t given from the ran
glo‘;::; i‘_’-e cannot be d:awnt,:lthcn we assign '1“0"" than one 1
ation as j i i ample : gt g R
- Exam::l::l\;s;-ab;(,ll ;n ;;;;gof:jic::;u;‘:aﬁ:k ;3 of ten random numbers of two digits each is
= Proy; e
- *Vided to the field investigator :

i ample of a
bles is small such that }ho sampl
. umber to each sampling unit in the

TABLE 7-3
34 96 i
78 50 o g
ST
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Y The ctuan » ¥y .

"~

¢ slancand error (S E Y of the sampling distribution of ¥, 18 given by ;
N —n S
- F \ - - r— ——
ST N = u A N e
\ "\ n /-i.
Usually 8 12 not known and in that case we replace 8- by its unbiased estimate s and pet
- e — N-n s [T . s
Lt SE v)) = AN T =NA-P -—{h e (19
\ - N n N'n M

S. Srswor vs. Srswr. If we consider simple random sampling with replaceme

. 1
3 = T a
17! n-,
“UVa&rmance lerms vanish since in srswr all the draws a

are independ

I E e e s T s S S
P esdU0n wWIlh va b

Nl (srswpr) from 4
riance ¢-, then

arty,) =Var (

s I
;;|/,_
"=

Var (y,),
1

re independent and conseque

ntly ¥, 5
ently and identically distributed (.1.d.) with the same v

ariance o<,

Yarids o 1 c 2_9_;: - :_lE(Y Y. No? = (N "
ar (3 =a, 0= © OEN,EY Y = Nots n]’S.
5 N-1_,
Var(y,) = N S

(7022
Comparing this with the expression in (7-16), we see that the variance of the
SWT as compared with its variance in the case of srswor. In other words, sr

fumetor of Yy relative to srswr.

S-S
—_— 7

sample mean is more
swor provides a more

7-8-3. Merits and Drawbacks of Sim
Merits 1. Since the sam

such a s ative of the population as compared to the
judgzement or purposive sampling.

2. The statistician can ascertain the efficiency of the estimates of the par
v consi

nsidering the sampling distribution of the statistics (estim

» becomes more efficient as sample size n increases.

Drawbacks 1. The selection of a simple random sample requires
L., z completely catalogued population from which samples are to be dr
virtuzlly impossible to identify the units in the population be
this restricts the use of gimple random sampling technique.

2. Administrative Inconvenience. A simple r
the sampling units which are widely spre
eollecting the data may be much in terms of time and money. .

3. At times, a simple random sample might give most non-random looking results. i‘;“:
example, if we draw a random sample of size 13 from a pack of cards, we may get all
cards of the game suit. However, the probability of such an outcome is extremely small,

, & . . . - L) ".z
4. ¥or a given precision, simple random sampling usually requires larger sample si
comparcd w stratified random sampling discussed in § 7.10.

ameters
ates), e.g., y, as an estimate

of ¥

an up-to-date frame,

awn. Frequently, 1t ‘5
fore the sample is drawn an

. 't f
andom sample may result in the selection (:x’
ad geographically and in such a case the cost ©

e s

!
2, 3, 4, &5, 6. Write down all

X \ i » mealt
population and verify that sample

Example 7-7. Consider a population of 6 units wit), values 1
puszible samples of 2 (without rcp[acc:-ncnu from this
s an unbiused estimate of the population mean.

Y
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Substituting these values in (3), we get

L 52
Var (D) = Fnsni?

S‘Z 37?.1 : ] -
S LA REe ) RCE "‘)2] {om simpiification)

For ariginal sample of gize n, we have

[4n1(N = ny) + (n = ny) (N =1 + ny) - dny(n ~ny]

Var 6y, = NN‘n" S2
Var (;) B n 3L1) i 2]
Var(3) (N=n)(n+ny? [Nn 1+—)-(n +n)
_[fn+n)2 {1+ @Bryn)}  _ (n/N)
B (1= (n/N)) TR

f N is large as compared to n such that £, p.c. n/N is ignored, then

Var (y) {1+ {3ny/n)
Var (;n) - [1 +(n1ln)]2

Thus, the relative loss in efficiency resulting from duplicating of a sub-set of elements is
given by [Lp.c. ignored).

Var (y)-Var(y,) _ Var (¥) _(ngn) [1=-(ny/m)] i
Var (3,) Var (7,) (1 + (ny/n)? P
In particular, if we take n—nl =% , then: Loss in efficiency = (1/3) (2/3)

(1e/9) =125
An attribute is a qualitative
e.g., honesty, beauty, intellegence, |
ay not be possible to measure the
classify the whole population into |
der the simplest of the cases where 1
C and C’ with respect to an attribute. |
cation. Hence any sampling unit in the |
respectively according as it possesses or does not !
attributes we may be interested in estimating the

7-9-6. Simple Random Sampling of Attributes.
characteristic which cannot be measured quantitatively,
etc. Quite often we come across situations where it m
characteristic under study but it may be possible to
varicus classes w.r.t. the attribute under study. We consi
the population is divided into two classes only, say,
Such 2z classification is termed as dichotomous classifi
population may be placed in class C or C’
pussess the given attribute. In the study
totul number of proportion of

(i) defective items in a large consignment of such items,
-~ (£i) the literates or the bread winners in a town,

(iii) the educated (university graduates) unemployed persons in a city, and so on.
Notations and Terminology. Let us suppose that a population with N units U, Uz, -
Uy is classified into two mutually digjoint and exhaustive classes Cand C
a given attribute. Let the number of individuals in classes C and c’
puch that A + A’=N. e v s b 4
- Then '

P s P = The proportion of units processing the given attribute = A/N,

respectively lfi-l‘i‘-‘
be A and A’respectivel

@ zThe proportion of units which do not poséess the given attribute = % =1- P 2

.J
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!:ui;ﬂot:li?::':slea:%:i‘l\sle'e.\\:c:g:-iiiil:g?‘.s;’fco? if ith sampling unit porsesses the given

;::‘fn*s n’sp@fﬁ“eb' in the population, A and @ represent the proportion of successes and

Lot us consider a srswor of size n from

 ample possesing the given attribute then

p = Proportion of sampled units possessing the given attribute = a/n

¢ = Proportion of sampled units which do not
=1-p

this population. If ‘@’ is the number of units in a

and possess the given attribute } ...(7-23)

with the ith sampling unit, let us associate a variate Y; (i = 1, 2, ..., N ) defined as
follows T

Y, = 1,if 1t bel.ong‘s fo class C, i.e., if it possesses the given attribute, and Y; = 0, if it
helongs to class €', e, if it does not possess the given attribute.

. Similarly, let us associate a variable y;, (i = 1, 2, ..., n ) with the ith sampled unit
- gefined as follows:

@ »; =1, if ith sampled unit possesses the given attribute,
i = 0, if ith sampled unit does not possess the given attribute.

N
Then 2 Y;=A, the number of units in the population possessing the given attribute.
B i=1
and Y. y; =@, the number of sample units possessing the given attribute.
% i=1
Thus
N N
3 1 3 r A —_l ) _.a__ 7-24
}:R;ig,l},- =1TY=P andy-nﬂl),-n—p (7-24)
Similarly, we have
N g n y o
Y Y2 =A=NP and X y’=a=np (12
i=1 i=1 . X2 LDy E
1 N T\ 1 [ g Y2 NTH]
stegg 2 WY ENT ST
1 NPQ (7-26)
= — -NP?| = - (72
“N-1 [ N-1
Similarly, we get

5 = . _nnd] 2 ERY o
s'-'gn‘l_l .2‘3’3'"3'?]:;;—1["” np] T ... (7-26a)
=

: jon ‘p' i ' d estimate of population proportion
o ortion ‘p’ is an unbiase -
Piic: eorem 7-4. Sample prop By =P . o ) (“ ion
‘ Pn‘."’1" We know that in simple random sampling the sample mean provides an unbiased
timate of the population mean. QE o gt et 2

A s s B(p)=P [On using (7-24)]

: E i by . 0713 Aol F .
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