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13. SAMPLING THEORY
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13.2 Basic principles of sample surveys .
The two basic principles of sample surveys are validity and optimisation.

By validity of a sample design we mean that th.e sample should be SO 5€_l€§led that

results obtained from it can be interpreted objectively in terms of probab;hty.. Validity i ensieg

’ by selecting a random (probability) sample so th«:it each of the population members py, ,
definite preassigned probability of being included in the sample.

The principlé of optimisagdn takes into consideration the factors of efficiency ang -,
Efficiency is measured by the inverse of the sampling variance of the estimator (Which is 5
function of the sample values used for guessing about an unknown population characterige
andicm/éF measured by money or man-hours spent in the whole process. The principle o
optimisation is satisfied if a given level of efficiency is reached with minimum cost o

maximum efficiency is attained with a given level of cosg

13.3 Different steps in a sample survey

Conducting a sample survey involves three mai

n stages, namely, planning stage, execuin
stage and analysis and reporting Stage.

The planning stage contains the following steps :

(a) Deﬁning the purpose : The
the planner should consider the avai
with the purpose.

purpose of the survey must be unambiguously stated
lable resources in terms of money and man-power togef

(b) Defining the population : The aggregate of individuals, called the population, must :
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ecified so that in terms of the coverage of the survey there remains no scope of

Cleafr‘yics)n about the geographical and other boundaries of the population.

onfus . !

c . Deciding on the nature of data : Depending on the purpose of the survey the type of
c

1o be gathered 1s determined and subsequently a questionnaire or a schedule of enquiry

pe od. The set of questions forming a questionnaire should contain brief, simple and relevant

is form
quesliOT\S-

(d) Selection of method of collection of data : Decision about the suitable method, mainly
petween interview method and mail-questionnaire method, is to be taken for collection of

qecessary data.
(e) Selection of sampling unit : The final unit to be sampled for the purpose of the survey

s called the sampling unit. For instance, in a socio-economic survey, it is to be decided whether
an individual of a family or the family as a whole will be the sampling unit.

(f) Determination of sampling frame : On defining the sampling unit, one must verify the
availability of the sampling frame, a frame of all members in the population. For example, a
list of individuals or households surveyed in a population census form a frame.

(g) Designing the survey : Here one must decide the nature of sampling (e.g. random
sampling) to be adopted. Also, the details of a pilot survey, if necessary for the main design,
is decided. The cost and time factors should be considered before making a final selection of
the design.

(h) Training of personnel : Before the survey is actually conducted the enumerators and
supervisors should be imparted suitable training.

In the execution stage the sampled members in the field are identified and the questionnaires
are suitably filled.

The analysis and reporting stage involves the following steps :

(2) Scrutiny of data : To verify the authenticity of data, the ﬁlle.d—in questionnaires should
be scruitinised with due care. Whenever doubt arises in any questionnaire, it should be sent
back to the field personnel for re-survey.

(b) Tabulation of data : Tabulation is to be carried out manually or by machine depending
on the quantity of data and time alloted for the purpose.

(€) Analysis of data : Estimation of population characteristics (i.e. parameters) and testing
' 9 of hypotheses are made after tabulation.

1 i hould be presented in the
- @R ing : s about all the stages of the survey should .
= ) aneci7 :?;ggr .itllt‘:;ni::ilon of the data together with relevant conclusions should be given.

; . S
(&) Storing of information : Necessary arrangements
ation usuable for any future survey.

hould be made for storing of the
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) for the following reasons !

A survey conducte il
enumeration or complete census (l Y5 Samp|a
preferred to complete enumeratior
(a) Reduction of cost : ‘ .
oney or in terms of mun-h()urs. 1S less in
he cost per unit is usually greater in 4 e
imple comprises only a part of 'h“P

The cost, either in terms of m
than in a complete census. Although t
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the total cost is likely to be smaller because a S¢

(b) Greater speed :

Since a sample comprises only some of the pol?Lllation members, the q;ntu can be
and processed more rapidly in sampling than n complete enumeration. Thig ;
consideration when the information are urgently needed.

(¢) Greater scope :

Sample survey has usually greater scope as compared to complete enumeration
some cases, highly trained personnel or specialised equipment may be required for
of data and thus, complete census becomes almost impracticable. Again, a sample sy
have greater coverage as the smaller scale of a sampling process and the better trainj
enumerators enable the enquirer to collect more information and to include more ar
survey.

(d) Greater accuracy :

A sample survey generally gives more accurate and reliable data than a complet
due to the possibility of employing better-trained personnel, effecting better supervision
. better equipments.

Again, the informants are expected to furnish correct information readily when they k
they have been selected from the whole population for the study. The combined

sampling and non-sampling errors in sample survey is likely to be much less than't
of non-sampling errors in complete enumeration.

The error e.xrising due to drawing inferences about the population on the basis of s
termed sampling error, and the errors mainly arising at the stages of collection and p
of data are termed non-sampling errors. Non-sampling errors are common (0 both ¢

enumeration and s‘aml.)le surveys. Generally, the non-sampling error increases, but the
error decreases with increase in sample size

(e) Measure of accuracy :
It should also be noted that complete census generally involves a large amountt

sampling errors and there is no Way of measuring the magnitude of such errors
hand, a properly selected sample will give an idea of the magnitude of the 5

m})“”
involved in the estimates.
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Gre““'r applicabilily :

some si(ua(i‘ons..complcfc Cﬂlll.hcr;ni(m 1S ruled out by the nature of the population. If
pula(iO“ is infinite or !\)pothcucal._ sampling is the only course available. Again. when

umel‘a‘io" is a de§lruct.|ve Process (1.e., when the character of an item can be determined
d‘ﬂ; destroying the item in the process, as in testing the life of an electric bulb), sampling
on::"e z;nly method to be used.

I : . . .
Howevers when the population size is not large or when time and cost are not important

or when detailed information is required for different segments of the population. 2
Jete census is better than any sampling procedure. Again if information is wanted for
member of the population, complete enumeration is a must. But even in such cases, 2

sml“’s“le sample survey may be conducted simultaneously to assess the quality of the census
data.
{3.5 Biases in surveys

Bias is an effect that deprives a statistical result of representativeness by systematically

gistorting it. It is different from a random error which may distort the result on any occasion

| bhlances out on the average. The different types of bias that are likely to arise in a survey
~ may be broadly classified under two heads :

:,.' 7(1) Procedural biases, and

() Sampling biases.

(1) Procedural Biases : These arise in a complete census as well as in 2 sample survey. The
following are the various kinds of such biases :

~ (i) Response biases : These biases arise from wrong responses of the informants For

e, one may deliberately over-state one’s education or under-state one’s age. In many

one may furnish wrong answers to guard one’s self-interest; such as. 2 person may give

in under-statement of his income, personal savings, etc. This type of bias may also arise due

preference of the people for certain numbers, like multiples of 5 or even numbers.

(1) Interviewer biases : Answers given by the informants after receiving suggestions from

terviewer are likely to be affected by the interviewer’s own beliefs and prejudices.

" "Naa-response biases : These may arise in a survey if the respondent is not found at

ven after repeated calls or if he either fails or refuses to answer certain questions.

() Observational biases : In case of finding the variable value by observation, biases may

~irdue to the influence of psychological factors. For instance, people with different political
"alions may say widely different figures for size of the gathering in an open meeting of a

bias : These occur only in sampling. Here the following types may be

e

tive sampling method : 1f a proper random procedure is not strictly

- ‘mayusehisownjudgemtordiscreﬁon in selecting the units, and,
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ceeanlties arise in enumerating a me
i) Biases due to substitution : When difficulties ¢ ‘eute it by anotl g 4 Mempy, -
TR e gcncmlly substitute it by anothe; C””"Cni\.m Figip,

included in the sample, illVC{s‘llgillOlS he difference in the characteristics o th Mep,
Clearly, this leads to some hias due to the o Subgyy,
and the original members. : ling units : In a crop-cutt
(iii) Biases due to faulty demarcation of -‘f’;”{’ ilr:ljestigatOl'S (o inclur()kjliumg Miryg,
example, there is an inclination on the part of H‘; R th;f"ﬂc B00q
in the sample when they are situated n.car but outsl » this regy,

estimation.

h"' in

ection of the statistic : For estimating a parameter onel
a constant bias may occur. For example, sample .
ple random sampling with replacem

(iv) Biases due to wrong sel
use the appropriate statistic; otherwise, e
is a biased estimator of population variance in sim

13.6 Types of population and types of sampling

A population may be finite or infinite depending on whethf:r it cont.f.lins a finite or
number of members. For example, the population of houses in a certain locality is finj
the population of atmospheric pressures at different points In a room is infinite, A
population may be existent or hypothetical. If the population consists of concrete
individuals, it is called an existent population. On the other hand, if the individy
population do not exist in reality, but exist only in imagination, then the pop
hypothetical. For example, the outcome of an infinite number of tosses of a coin re
hypothetical population of heads and tails.
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(iv) Biases due to wrong selection of the -W””Sf,"' : For estimaling a parameter, gpe s
ant bias may occur. For example, sample varig

use the appropriate statistic; otherwise, a cons.t ' . .
is a biased estimator of population variance in simple random sampling wit replacemen;

13.6 Types of population and types of sampling

A population may be finite or infinite depending on wheth'er it contains a ﬁpite OF an infinjge
number of members. For example, the population of houses in a certain locality is finite, while ¥
the population of atmospheric pressures at different points.in a room is infinite. Again the B¢
population may be existent or hypothetical. If the population consists of concrete existent
individuals, it is called an existent population. On the other hand, if the individuals of the
population do not exist in reality, but exist only in imagination, then the populatigp is
hypothetical. For example, the outcome of an infinite number of tosses of a coin represents 5
hypothetical population of heads and tails. '

Sampling is broadly classified as subjective and objective. In subjective sampling, ...5:
selection of members depends on the personal judgement or discretion of the sampler, while
in objective sampling, there is a specific rule of selection and the selection is independent of
the judgement or discretion of the sampler. It should be noted that any haphazard or motivates
selection wi!l lead to subjective sampling and such a sampling generally involves a bias l
unknown magnitude. ‘

Objective sampling, in its turn, is classified as non-probabilistic, probabilistic (or random)
and mixed. When there is no probability assigned to the mode of selection but the sampling i
done according to a specific rule, then the sampling is called non-probabilistic. In random
sampling, each member has a definite preassigned probability of being selected. Again, if the
sampling is partly probabilistic and partly non-probabilistic, it is called mixed sampling.

Suppose, for instance, that we are to select 10 trees from a row of 80 trees in a forest
Starting with the first tree, if we select every 8th tree, then sampling becomes non-probabilistic:
If 10 trees are so selected that each of 80 trees has a definite preassigned probability of being
included in the sample, then the sampling is probabilistic. If, however, one tree is selected

random frf)m the first 8 trees, and then every 8th tree is taken starting from the selected one
the sampling becomes mixed. :
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3.7 pandom fﬂllc;lj'i"g T
Fer 2 sample 15 drawn irom a given popul
lation has a dCfll'lllC' pre-assigned probah
Po.alled random .s'um/)/mg . ’)m/’”,”./’.’." sampling . In particular.  ampiing
“ululion has an equal chance of being selected. fhcn the S"'nd:' when ¢
ng, the sample, thus obtained, is called a simple mmlo‘m‘m: 'I"L’
with or without replacement. To explain these two lypcg’hl;
f 2 sample of size n from a population of size N '
The sampling is called simple random sampling
nembers of the sa.mple are drawn from the populatio
elected member is returned tg the population, so ¢
population has the same p!'c?babllity I/N of being selected. Here the population remains the s
both in size and composition throughout the sampling procedure and any of the lumc
members may appear more than once in the sample. It is evident that, in SRSWR (mprl)‘:;uu:r:z
of possible samples is N" and each sample has the probability I/N" of being selected.
Again, the sampling is said to be simple random sampling without replacement (SRSWOR )
 if the n members of the sample are drawn from the population one by one, and the member
selected at any drawing is not returned to the population, so that at each drawing, each of the
remaining members of the population gets the same chance of being included in the sample.
. Thus, for instance, the probability of selecting any of the remaining N — (i — |) members at
the ith drawing is 1/(N — i + ). In this case, the population size goes on diminishing and the
population composition varies as the sampling operation continues. Moreover. no member of
the population can occur more than once in the sample, which means that the sample members
 are necessarily distinct. In SRSWOR, total number of possible samples is “C,. provided the
order in which the sample members are obtained is ignored, and each sample has probability

n By Lodie s aladiilupyfiNe
N N-1 N-2 N-n+l A

- of being selected here, at the kth drawing one has to choos
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fpl by nplsaeson]’. 0 1/Np
N N-1N-2 N-n+l .
- ©Materigise. It may be noted that in SRSWOR the probability "“’;a“ ‘;‘:’:;w S Baiiss
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Show that, whatever be the population proportion, the standard error m

. ; Ple p; p:
in SRSWR cannot exceed the value l/(2\/;), n being the sample size. 0p°ﬂi0n

It p be sample proportion, then in SRSWR
Var(p) = —@— where P is population proportion and Q = | - P,
n
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13.13 Stratified random sampling

In stratified sampling, at first the population is divided into several disjoint subpopuly;,
(or groups), called strata, which are relatively homogeneous within themselves. Thep sam
are drawn independently from the different strata. If a simple random sample is selected ff-
each stratum, the method is called stratified random sampling.

The main advantages of stratified random sampling are :

(i) This method usually gives better estimates than random sampling; this is becayse.
strata being homogeneous, the estimates obtained from them are likely to be very satisfa
even when the sizes of the samples from different strata are small. These good estimates, w
suitably combined, give a good estimate for the whole population.

(ii) The sampling procedure here ensures that some members from each stratum are incl
in the study; so the combined sample observations serve as a very good representative of
population under enquiry.

(iii) Stratified random sampling supplies not only an estimate for the whole populati
but also separate estimates for the individual strata.

(iv) Sometimes stratified sampling is administratively very convenient. The existi
administrative set-up at different zones may be used to facilitate the organisation of field w

is very useful in such cases.

Suppose the population of size N ‘with mean # and standard deviation ¢ for the varia
Y is stratified into k strata; the size, mean and standard deviation of Ath stratum bei
respectively N,, 4, and o,. Thus
k
Z Nh Hy,

k
N = N, = L
“IIZ=1 h H N
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When a list of sampling units is available, this sampling technique is frequently
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The equality sign holds if and only if sz, = i, for each h, i.e. iff the stryy,
equal. M Megy ®

Again, we have,

2 ’— 20

ZNhS% [;NIIS/IJ ] (ZNh ShJ
i S 1 i 9 h
v = = = N,S; —~— 2
prop opt Nn Nzn Nn % = N
i J

_E%Nh(s,,—s) >0 s=__N

or, Vorop 2> vopt

Here the equality sign holds iff S, = S for all A, i.e. iff the stratum variances are all equl

Thus finally, we have,

e
opt = Vprop S Vran

1314 Systematic sampling
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SUPPOS f size n=2. So My y 157 Y2* s Ye and we want a linear
i cample of 1 = 4+ 90, sampling interyy] i ke N 3
Syslcmd | n = 9 Then the possible samples
¢ 08 follows -
i \
: Sample No. Sample observations Tmle -
T YY\NP Mean (y)
1 Y, + Y2
2 Ly ¥
o= (Y, + Y12
b 6
i 3 Yg (Y + Y12

. -
gach sample has probability 3 o occur. So, E(y) = %(Yl V¥ Y T, the

population mear
This shows that in linear systematic sampling,

the sample mean is unbiased for the
population mean. :

It is much easier and quicker to draw a linear systematic sample and the work may be
done even by laymen. Again, this sampling procedure provides very precise estimates when
the units similar to one another with respect to the variable under consideration or an associated
wrizble are put side by side in the list of sampling units. But if there be some periodic feature
mthe list and the sampling interval is equal to (or a multiple of) the period, then this method
may give highly biased estimates.

This method of sampling cannot be used when the sampling interval —I} is not an integer.

hsuch a situation the technique applied is termed as circular systematic sampling. Here at
first one unit s selected at random from N units of the population and then alongwith this

: N8 : 2
i : : : 1) is included in a cyclical
Svery k th unit thereafter (k being the integer nearest to n.) . y
Mocedure, The selection process is continued until #n sampling units are obtained.

ltig loteworthy that circular systematic sampling is more general than the linear systematic

N . .

Sampy; | ; .
"ling due to the fact that the former reduces to the linear form when Z is an integer
1 :

15 lustey sampling
R | . |
'~ hls Method of sampling consists in forming suita

ble clusters of sampling units and
rding to some apprqpriate sampling
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scheme. For example, in a human population survey where each person g a
one may select a sample of households and then collect data from all persons
households. Usually clusters are formed by grouping nearby units or upjts
conveniently surveyed together.

- Unj
in the se che(i
Which Can

Cluster sampling is resorted to in many surveys because it is operational]
and less costly than sampling of individual units due to the possible saving j
identification, contact, etc. In general, for a given total number of sam
sampling is less efficient than sampling of individual units since the latter i
a better cross-section of the population than the former due to the tenden
cluster to be more or less similar.

y More COnvenjey,
n.nme for Journe

pling units, clusle;
§ expected tq Cover

Cy of the units in p

13.16 Sampling distributions associated with binomial and Poisson population

LE 2, Xy s x, be independent and random sample observations from a Population, thep
we know that each of the observations has the same marginal distribution and this common
distribution is identical with the distribution of the variable in the population.

We shall find the sampling distribution of sample total X; + Xy + - + x, = X(say) when
the sample observations are from binomial and Poisson populations. In doing so, we shall use

the moment-generating function which, when exists, is unique and completely determines the
distribution of the random variable.

Case I : Samples from binomial population :

Suppose the sample observations X1» X, ..., X, are randomly and independently taken from

a binomial distribution with parameters m and p. Then for each i, x; follows binomial
distribution with parameters m and p.

The m.g.f. of the distribution of x;, for each i, is

S
x=0 Xi P

=

M, (1)

mn : ey :
Z (Z)(per),\i qm X' (g + pe’)’"

.\’i =0 l

- M) = E(e) = E(e',{-,*‘i) = E(I"I e”"J = 1T B(e™) = [T (g + pety" = (g + ™
i=l i=1 i=1

which is m.g.f. of a binomial distribution wi

i th parameters nm and p. So, the sampliné
distribution of the sample total X = X,

+ + x, is binomial with parameters nm and p-
Note :1f x, x,, ..., x, follow independentlv hinamial A:.ecv

+x2+..
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