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Sampling and Sampling Distributions

After studying this unit, the studen

efine sampling, sampling unit, sampling frame and sample design
Differentiate between finite and infinite populations, sample survey and complete
enumeration. Describe advantages and limitations ofsampling.

e
‘Distinguish between probability/random sampling and non-probability/non-random e

. sampling, random sampling withand without replacement. ',
: =5 Differentiate betweensamplingand non-sampling errors g -f:
A "+ Describe simple random sampling stratified random sampling and systematic random :L.
- sampling. g [
"+ Use the random digits/random numbers table to select a simple random sample from a =5
. givenfinite population. £
"+ Define sampling distribution of statistic and standard error of statistic, sampling %
distribution of sample mean. : .
» Describe the properties u_fasampling distribution of asample mean. ‘:
"+ Construct the sampling distribution of sample mean to verify its properties about its mean
andvariance. . ..-
+ Definethesampling distribution of difference between two sample means. I

péscrlhe the properties of sampling distribution of difference between two sample 3 ﬁ
means. d

+ Construct the sampling distribution of difference between two samples means to verifyits - ;é.
: properties aboutits mean and variance. "
-+ Definesampling distribution of sample proportion. ’:‘i“"!“
) Describe the properties of asampling distribution of sample proportion. ‘;;

: #. Construct the sampling distribution of sample proportion to verify ts properties aboutits - i
-~ meanandvariance, %

.bgnl;ﬂi?__Prﬂ?ﬂnlns of sampling distribution of difference between two sample
“t::;muu“ sampling distribution of difference between two sample.
sandverifyitsproperties about mean andvariance.

[151) A

esampling distribution of difference between two sample proportions.
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Need of sampling survey

; The c.)nglln of sampling is as old as our civilization and now it is a part of
our r_aynlo-tldly hfl;_:. Human knowledge and actions are mainly based on samples
specifically, in scientific research. Sample data can either be obtained thrzugl;

sample surveys or experimentation which i ici i
| is the basic input in statisti i
VI pu cal analysis

5.1.1 - Key terms and definitions

¢ Population

A group of individuals or objects about which we wish to know something
is called population or universe.

¢  Finite population

If the number of individuals or items of a population are fixed and limited,
it is known as finite population e.g. the population of government hospitals in

Pakistan, students in a college, workers in a factory, etc. Finite population usually
consists of existing items.

4 Infinite population

If the population consists of an infinite number of items, it is called
infinite population. For example, the population of all real numbers is lying
between 10 and 20, the population of stars in the sky etc.

+ Sampling unit

A single element or group of elements of a population from which
required information can be obtained is called sampling unit or unit of the
population. For example, if a population has 100 mango trees. then a single
mango tree is the sampling unit. A unit may either be natural (e.g. a person, a
family, a tree, an animal etc.) or artificial (e.g. a village. districts, a plot of
specified size etc.).

- ¢ Sample

A part or fraction of a population is called sample. In everyday‘hf:c
decision about population is made on the basis of a sample, therefore, it is
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important that personal liking or disliking may not be involved during the
selection of a sample, that is, sample should be random and must be g ypy,
representative of the concerned population.

To ask a question or a series of questions form many people in order to
gather information is called survey. When every individual of the population jg
examined, it is called population survey or census and if only a part of the
population is examined, it is called sample survey or sampling survey. Nowadays
sample surveys are being widely used by government departments  like
agriculture, industries, commerce etc. and private agencies for obtaining estimates
of respective parameters. Sample survey has two types i.e. descriptive sample
survey (simple information are obtained) and analytical sample survey
(comparisons are made between subgroups of the population).

3

Before applying any sampling procedure, it is essential to have a list of all
the sampling units or a map or other acceptable material which represent the
population to be covered. Such a list or map is called sampling frame. For

example, if we wish to estimate the wheat crop area in Khyber Pakhtunkhwa, the

record of farms along with the names of the farmers, villages etc. are the frame.

The frame should not contain inaccurate sampling units and be as up-to-date as
possible at the time of use. '

Al principle steps including the methods which are taken in the selectio”
of a sample is called sample design or sample plan or sampling plan- It is
formulated before the actual collection of any data, For example, if we want 10
take a sample of students from Peshawar university, then a complet pel
showing number of students to be included in the sample, which students are 1o b
mcluded,. “1‘5 prjuponion of students, method of san;pling to be used, what
characteristics are to be studied etc. will be called sample design
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The sample design along with some other aspects of the survey e.g. choice

and training of interviewers, tabulation plans etc. is called survey design

51,2 Difference between census and sampling

In census (complete enumeration), the information are obtained from each
and every unit of the population. In our country census is done after every ten

years. Census gives quile reliable information but practically we face the
following problems:

i.  When population is infinite or area of survey is wide, its study is

impossible.

ii.  Too much time is required to cover the whole population and often the
study becomes out dated by the time it is completed.

{ii. Too much resources i.e. money, trained persons etc. are required for
survey of the whole population.

iv. When the item or unit is destroyed under investigation, the study of
population serves 1o purpose e.g. testing the life of bulb, battery cell
or any other electronic items.

In contrast to census, sampling studies only 2 selected number of units of -

the population. For instance (i) A housewife takes one or two grains of rice Erum
the cooking pan and decides whether the rice is cooked or not (i) A pathologist
takes a few drops of blood and tests for any change in blood of the whole body
than normal (iii) A quality controller takes a few jters and den:n:lﬁ whether the
lot is in accordance with the desired specifications or mot (iv) In a hulb
manufacturing factory one tests the life of a few bulbs and then thc mnclum:;
about the average life of the whole bulbs produced by the factory 18 made.
these examplesfuses clearly reveal that sampling has been an old practice.
Sampling is less expensive and less time conSUMINE.

513/ Adyantages of sampling

The most important advantages of sampling over census are;
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Sampling saves a lot of time because the data are collected and
analysed more quickly.

The cost of sampling is very much low than 100 % enumeratiop
because the cost per unit being the same and the number of units in the
sample are always less than the number of units in the population.
Sampling results can be more accurate because the sources of error,
personal biases and analysis of data can be handled more easily.

When the units are destroyed e.g. testing the life of any electronic
instruments, then sampling is the only practical way to assess the
average life of the whole lot.
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5.1.4 Disadvantages of sampling

Sampling has some limitations given below:

i.  When the information is required about every unit of the population, then

no sampling method is suitable to give the desired information, only
census can do it.

ii.  Only large samples can indicate the true characteristics of the population.
iii. Sampling techniques require services of expert persons for better
supervision, otherwise, results of the survey may not be reliable.

Parameter, statistic and estimator

Any characteristic of population is called parameter. Parameter is an
arbitrary constant value and is usually denoted by Greek letter e.g. 4 = mean, 0°=
variance, o = standard deviation etc. Any function of sample data is called
statistic. It is denoted by Latin letter e.g. X = mean, $* = variance, § = standard
deviation etc. A statistic which is used for estimation of parameter is called an
estimator. Note that (i) Statistic and estimator are random variables because they

vary from sample to sample, (ii) every estimator is a statistic but every statistic is
not an estimator.

5.1.6  Sampling and non-sampling errors

The error which occurs due to the natural differences among the members
of the population is called sampling error. For example, 1.Q, educational level,
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income, height, weight, age, etc. of human being are naturally different from each
other. Mathematically, this error is written as e=1X - x| where ¢ denote
parameter and X  denote estimator. Sampling eror can be reduced by (i)
increasing the sample size (i) improving the sample design. It is also called
random error or compensating error.

4 Non-sampling error

The error which occurs during the process of collection and processing the
data is called non sampling error. It includes all kinds of human error. Non
sampling error can be reduced by (i) employing trained personnel (i) using
modern computational aids.

5.1.7 Bias in sampling

The error which arises due to the personal interest of the investigator is
called bias. Error can be minimized in the long run while bias cannot be. This
error increases with the increase in sample size. It is also called cumulative error.
Some of the factors which introduce bias are (i) deliberate selection of the samplé
units (i) substitution of sample units by other units (iii) incomplete or hmd.ﬁqum.e
interviewing (iv) haphazard or accidental selection. Bias cannot be reduced until
it is detected.

: 'szi:_gi'lzl']islg}ri?ﬁffiﬁﬁ’fii hout replacement

When the item selected for a sample is returned to the papuhl?un he.t'ore
drawing next item, it is called sampling with replacement (S.W.R) In this case;

i Possible samples will be N*

< Probability of selection of each unit remains equal.

iii. Sampling units will be independent. _

v, Sampling units can be selected more than once.

V. Population remains infinite.
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When the item selected for a sample is not returned to (he
population before drawing the next item, it is called sampling withoy,

replacement (S.W.O.R). In this case;
¥ N
i Possible samples will be C
ii. Probability of selection of each unit changes from draw to draw.

iii.  Sampling units will be dependent.

iv.  Sampling units can be selected only once.

V. The sample size is less or equal to the population size, that is, n < N,

Suppose a population consist of values 2, 4, 6, 8. Draw all possible
samples of size two (i) with replacement and (ii) without replacement.

Given 2, 4, 6, 8 (population), N = 4 (population size), n = 2 (sample size)
(i) * Sampling with replacement case:
The number of samples in this case = N" = 4> = 16. The procedure for

drawing samples is that divide total number of samples by population size i.e.

16 : " :
I=4 and write every unit of the population 4-times in the first column, then

divide the obtained result 4 by the population size i.e. %=l and write every

element of the population once in the second column as shown below;
2,2

4,2) (6,2) (8,2
@4 @, 4) 6.4) (8,4)
2.6 @,6) (6,6) (8,6)
@8) @8 68 (8,8)

@)
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(i)  Sampling without replacement case

%
e

N 4
The number of samples in thi = C=C= ;
mples in this case = C=C= 6. The procedure for drawing

samples in this case is that consider the first unit 2 with all other units of the I

population and keep it aside, then consider 4 with remaining units and keep it aside
and so on, we have

(2,4)

(2,6) (2,8) . 46 48 (6.8)
5.1.9. Probability and non-probability sampling methods i

e

Sampling methods are broadly divided in to two categories (i) Probability
sampling methods and (i) non-probability sampling methods.

When each sampling unit of the population has non-zero probability of
selection at each draw, the selection procedure is known as probability sampling
or random sampling and the sample selected is called random sample. We will
describe here the simple random sampling, stratified random sampling and
systematic random sampling methods.

When selection of units for a sample on each draw is :.mt based on
probability but personal judgment plays a significant rol::, the selection procedure
is called non-probability sampling or non-random sampling. Commonly used non-
probability sampling methods are: purposive or judgment sampling, Quota
sampling, convenience sampling etc.

5.1.10° Simple random sm"np'ling

e 3 2
In this method, each and every unit in the population has an equal chan

: random sampling. It is the
of being selected for a sample. It is also known as g oodi Tl

G A robability samp
simplest and widely used method m,::tioli!s It is the best one for homogenous

this method is called simple random saml?le
may either be selected by with

base for other complicated sampling
population. The sample selected by :
or simply random sample. A random samp
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replacement process with probability = of without replacement process With

probability .
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"4 Methods used for selection of a simple random sample
i Goldfish bowl method

According to this method, serial numbers are allotted from 1 to N to g
units of the population. The serial numbers are then written on equal size pieces
of paper and are placed in a basket or box or a bowl. After shuffling, a piece of
paper is drawn. Its number is noted and is returned to the population in S.WR

case, and then another piece is drawn and so on. The process is continued till the
desired number of units is obtained. :

This method has already been described in unit-3

e e e

Allot two digit serial numbers 00, 01, 02... 49 to employees. Select 3 WO
digit random number from the random number table, ignoring the two digit
number which is greater than 49 or which is appearing again being S.W.O.R casé:
Let the random numbers be 04, 10, 37, 17, and 48. Thus we will include thos®
:!i';lpll}yees of the factory in our sample whose serial numbers are 04, 10, 17,37, and
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Note that if we proceed in the same way,

we can draw different samples of size 5.
5:1.11" Stratified :

random sampling

Pﬁpulﬂl:l\:'::; ﬁpr::) :Ie:[rizlt]udl:m:?mge“ws Mdi“g. 0 °““ﬁ‘°“ﬁ"“'° i

is homogenous according to education level, then
simple random sampling is good method but when population is heterogeneous
with respect to the characteristic in which we are interested e.g. population of
students in a postgraduate college is heterogeneous according to the education
standard because it contains first year, second year,..., 6th year students. Here
simple random sampling does not give satisfactory results and in such situations,
stratified random sampling is used to obtain representative sample. According to
this method, heterogeneous population is divided in to homogeneous sub-
populations, called strata. From each stratum a separate sample is selected by
simple random sampling and the overall sample is obtained by combining the
samples for all strata, This procedure is known as stratified random sampling and

the sample selecied by this method is called stratified random sample. For
example,

™ (Population)
1 |
N| ]lsjz ]_"!,]_l .............. N, (mta]
L B |
n, n, By e .. n, (random samples from strata)

ny + nz + ... + nx = n and n is called stratified random sample.llisil':np:onanlw
note that stratum should be homogenous with respect to the characteristics under
study. However, there should be heterogeneity among strata.

In stratified random sampling one of the major problem i.a; tl;:;o::e much
portion of the total sample size n is taken fmm eacNh su-am?:.aumaﬁmmudsmd
namely equal allocation, proportional allocation: :mvmm >
optimum allocation are generally used for allocation of n 1o strata.
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most commonly used one in practice is the proportional allocatioy |

According to this method, the number of unis to be selected from 5 g
proportional to the size of the stratum and arc obtained by the formula;

m, =':7 N&
Where
N = population size
Nj = b stratum size
; s = number of units from k™ stratum for n.
I; . n = sample size
|
Il Among the 250 employees of a local office 180 are matriculate, 50 are

graduates and 20 are master degree holders. If we use proportional allocation to
select a stratified random sample of 15 employees, how many employees must we

take from each stratum?

Given N = 250, N; = 180, N2 = 50, N;=20,n=15

Now random samples from each stratum arc obtained by the formula;

n
HE=FN_..
n 15
=N =— = =
m =y M =755 080 108=11

. s

15
| = N =— 5 —|
1| B
T
=—N.= = 2
=N =5 =12=1

and i
the steatified random sample is n = iy 4+np + na = 11 +3 4 1 =15

@ -n.ﬂ&__

tratyp,

atatistics - Al

5.1.12 S

In systematic random sampli i

pling units are selected at equal i i

b at interval i.
every k" unit, with a random start. The procedure is that items of the populmli:r;
are first numbered from 1 to N and are then divided into subgroups, each

containing -—;:k units, so that N=nk. A unit iis selected at random from

the first k units, then every K unit starting with i is selected ie. i, (i +K)
(i+2k),....[ 1 +(n-1)k}. Let suppose one is interested in choosing 100 schools frnm'a
population of 1000 primary schools. All schools are first given a serial number as

i N 1
001, 002, 003... 1000. Compute :=%=10=k .Choose a number at random

from the first 10 numbers. Let it is 3, then our sample will include 3%, 13*, 23,
33% 993" number schools. Systematic random sampling is a type of random

sampling, The sample selected by this method is called systematic random
sample.

52

Sampling distribution

Recall that frequency table or frequency distribution is constructed for
summarization of raw data. Probability distribution is constructed for
summarizing the values of a random variable. Now, here we are dealing with
possible samples and the corresponding estimators like X,p. 5% S ew. The
values of these estimators would also need to be summarized in tabular form. This
table is technically called sampling distribution. Hence following the same pattern
we can define the sampling distribution as; “The probability distribution of all
possible values of an estimator is called sampling distribution of that estimator”.

The standard deviation of the sampling distribution of an estimator is
called standard error (S.E). Both have the same l:Oll.Cﬁ.p!. The standard error
measures the dispersion of all values of an estimator from its average.

NOT FOR:SALE]

ystematic random sampling



sampling distribution of sample mean — TrTpng and samepling Distributions™ o

S———

. =2 Shay ine distributi v
{ The probability distribution of all possible values of the estimator ¥ is iii pe of the sampling distribution of ¥ |
called sampling distribution of X .i.e. There are two cases: !
Sampling distribution of x (a) I.f th.e Saﬁpledgopulation is normal, then shape of the sampling .Ii
i — : distribution of X will also be normal irrespective of the sample size. ;;
e [ f(f) : (b) If the sampled population is non-normal, then according to central limit 1
1 — i theorem (CLT), shape of the sampling distribution of X will
| | -rii "e A il 3 appmximately be normal provided sample size n is large. Note that
£ T fi(R) statisticians consider n 2 30 as large sample. i
T v | T Sl
7'; ! I __} Formulas for mean and S.E of the sampling distribution of X
PR A% :
. r - '.‘Eotﬂl = 1 ; He = Eff(f} (ME&]!.}
i = s . 2 _w=2 _I%= (s H H
| The mean of the sampling distribution of X is denoted by E(X)= g, (read as mu 07 =L f@-[ZX f(3) (Variance)

sub x bar) and its S.E by o, (read as sigma sub x bar).

0, = TR f®-[EX @] (S.E)

i.  Mean of the sampling distribution of X is always equal to the population Note that the random variable X is standardized as Z = X-p _ ):r - i
i 0,
meani.e. A =g (both in with and without replacement sampling) (In S.W R case) L / Jn
" ii.  Standard error of the sampling distribution of X is
Example 5.4
O (in case of sampling with replacement) ; : : T
: "G Consider a family (population) of four children having ages 2, 2, 6, 8 years.
| i, Find mean and standard deviation of the population. By
ki 2 i ii i i lacement culate
:T = (ncaseof sampling without replacement) ii.  Select random samples of two children with repla
e the mean age ¥ for each sample. ;:
| iii. Construct sampling distribution of X e
: IN-n, : , : : f the sampling distribution of mean.
Note that the factor is called finite populatio i c). Itis iv.  Find the mean and standard error of ; ;
| i ki e e v.  Verify the results obtained in (iv) by properties of the sampling
dropped from the formula when n <5 % N and is used when 1> 5 % N. distribution of X

AT END.QALE




 Unit.5: Sampling and Sampling Distributions 'ﬂg
(iii)  Sampling distribution of ¥

X | Tallybar E
] 2"‘ = ““ = i
i Population Standard deviation is given by ' 4 m
o B (Tey . (08 [ ) 675 =2.598 ' 5 i
A\~ N 4 : : > !
6 1 1| w6
(i)  Possible samplesin SW.R=N"=4"=16 . : o& |
7 I 2 | 26 :j
b Pl i & !
'-"\’"'. S . 8 " = = 2 !
~ S.No. Samples S.No. Samples i 1| ine
: Total 16 | Tones
e g 9 6,2 1 N R
(iv) Calculation for the mean and S.E of the sampling distribution of X
2 29 10 6,2 _
X | @ | X&) | 2FE
3 2,6 11 6,6 4
2 46 | 816 16/16
o 4 2,8 12 6,8 : =
: 4 ane | 1616 | 646
2 52 2 8% 5 an6 | 2016 | 10016
% %2 14 82 6 | w6 | ene | 366
| 26 15 8,6 51 ane | siant SR
Sl 16 8,8 s | we | sne | eam6
[ Pl o e : H s wl J
Tol | 1 | 7216 | 376
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72
Mean = .H:=sz('f]=ig=4'5

SE=0, = |TFf®-[ETf @]

2 ﬁ_(l%)’
16 \16

=+/23.625-20.25 =/3.375 =1.84

) Verification:

@  Asp=45and g =4.5, hence the property (. = sis satisfied i c.
mean of all sixteen sample means is equal to the population mean,

(b)  Byproperty 5.Ein S.W.R case is
o 2598 2598

a. J,::_Jﬂi_:m:]'m' It is same as the computed SE

We learnt that if population mean and standard deviation are known, then it is
easy to compute /, and o, by property. If ¢ is unknown and » is large then 0,

c 5
can be estimated by s, =T, where s is sample standard deviation.
n

b e Population consists of number 2, 4,8, 8, 10, 10. Samples of size 210
drawn without replacement from this population.

[1] Find-mean and §.D of this population,
(i) Construct the sampling distribution of ¥

+ (iii) VerifyrhatE(f]=#md o.___,j‘?: iN—H
2 * In\N-1

Statistics = Xl

Given population s 2, 4, 8, 8, 10, 10
Here N=6,n=2

) #=§‘_‘.=w=ﬂ=q

S ERGRERORERS

-

(iii)  Possible samples that could be drawn without replacement == 15
2

S &) Rl e SNo. | Samples | g |
1 2,4 ] M 4‘!0"-' —

2 2,8 5 10 8.8

3 2,8 5 1 8.10

4 2,10 6 12 8,10

5 2,10 6 13 810

6 4,8 6 14+ §10 |
T 4,8 g8 s _:u,.m__-i._""'

8 4,10 1

ST - - o S
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Unit =52 sampling and affpliia Falivdions

The sampling distribution of X is given below:

f(x)

= o o0 = o b W

(=]

Tally bar

L I = I B

- 1/15

/15
2/15
4/15
215
1/15
4115

E

15

1

(iiiy Calculation for mean and S.E of the sampling distribution of X

X f(x) /@ | 2 f3)
753 1/15 3/15 9/19
5 215 10/15 " | 5015
6 4/15 24/15 144/15
=g S 215 14/15 98/15
8 1115 8/15 64/15
9 4115 3615 | 324/15
1410 115 10/15 100/15
Total 1 105/15 789/15
E(f)=n,=sz(z)=%=7

o, =EFfG)-[LT /@] = ’EE_[E)’
15 (15

=526-49=36=19
Now verification of the properties:

@ Aswescethaty=7, E(X )=, hence proved that E( X ) =

o

= T M.

Statistics - XII e

(ii) In S.W.0O.R case, the S.E is
g (N-n

3 [6-2 3 JZ
J;=——. —_——  |—— ==]
JnAN-n 2V6-1 2¥5 1

This is exactly the same as computed 7 .

: Example 5.6

Draw all possible random samples of size 3 with replacement from a
population of three values 3, 6, 9. Obtain the sampling distribution of sample
mean and verify the theoretical results.

| 'Sulution:

Given population: 3,6,9, N=3, n=3

Here sampling is done with replacement, therefore, possible samples are N * = 3?
= 27. The possible samples and the sample means are listed in the following table.

Unit -5: Sampling and SIITIP“I;Q Distributions " ;

.

SNo. | Samples| x | S.No. Splés X | SNo.
1 |.3.33 |3 | 10 [EEE35" % =9
2 3,3,6 4 11 6,3,6 5 20
3 3,3,9 5 12 6,3,9 6 21
4 3,6,3 4 13 6,6,3 5 22
513,66 5 14 | 666 | 6 23
6 3,69 6 15 6,6,9 T 24
7 [ 393 5| 16 |693] 6 |25
‘3 |396| 6 | 17 |696( 7 | 26
o | 399 7 | 18 |699] 8 i
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- }_:f(}') 5.3 Sﬂln[l[lllg {llstnhutmn of the (]iﬁli.‘l'i_'llfl.! hetw ¢en two _\'an“.ﬂe means
3127 The ]?roha.bility distribution of all possible values of X-X, is
S ca]l-::il san-':plmg distributing of X, - X, . Mean of the sampling distribution
of X,-X, isdenoted by M _; and SEby o,
30727
4217 :1° Properties of the sampling distribution of X,—-X,
42127 (i). Mean of the sampling distribution of X,— ¥, is equal to the
24427 r difference in population meansi.e. g, . =g~ s, (bothin
9/27 S.W.R and S.W.O.R)
(i). Standard error of the sampling distribution of X,~X, is
162/27
2 z
Gona |94 S (in case of S.W.R)
L U | e,
Now E(X)= s =LXf(®)="=6 ,
e = 1026 - | N o) Ny—my :
And 0, = SRS @ -[LZf@] = g 3 =+/38-36 =1.4142 -J g e Gin case of S.W.O.R)
(). Shape of the sampling distribution of X,—X
Borito i 1 L 3+6+9 13 B
There are two cases:
E ion i then sampling distribution of
: ; 0 e 6 2 . a) If_the sampled population is normal,
Population §.D: O’ﬂ‘E‘- Zj\? - li— —(%J =42-36 =6 =245 X,-X, will also be normal irrespective of the samples size.
Verification b) If the sampled population is non-normal, then according to Fenu'a] limit
! Z th j ling distribution of X, - X, will ximately be
0] wemME(X]-u 6 eorem Sﬂl'flp ing dis =X, appro, :
(i) The normal provided n and nz both are large.
_ 4 SEinSWR, 7" )
. T =14142=0; : The variable X,-X, in standard units is written as
1
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Formulas for ,u;l_T:cllld Uz-%

Draw all possible random samples of size ny = 2 with replacement
from a finite population (3, 4, 5) and sample of size nz = 2 with replacement froy
another finite population (1, 1, 3).

()~ Find the possible differences between the sample means drawn from

the populations. L
(i)  Construct the sampling distribution of X, —X, and compute its
mean and standard error.

2 2

a, a.
(ui] Vﬂif}'ﬂ!al ﬂr'_!l=#|_—mand af‘-i;= ?1-\}-._3—

ny

Vs Population-1 Population-2
[3,4,5] [1,1,3]
Ni=3 No=3
m=2 i
ith re lace; i les from
Population-1 are N,™ = 32 placement therefore possible samp

= and POP“hﬁOn-Z are N2“2= 32 =0,

173 A
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The 9 x 9 =81 possible differences X — X, are given in the
following table

R o S
1 2 3
1+ [ =2 3
1 D
AAg 5.
L 3

b B .

i o et b e

g S L~ r el M- N U



(i)  The sampling distribution of fl-fz
-5, | Ty | f|fG-%) |&-XI(R-%) (X -XPrGs
B0 [l 1] wsl 0 0
05 o[22 281 el 0.5/81
gty Wy | 7| w81 7/81 7/81
! 15/81
C 15 | wuw |10 1081 22.5/81
e 2 ““::”“' 7| s 34/81 68/31
25 |mww| 16| 161 40/81 100/381
|3 |16 | 1681 48/81 144/31
P35 | omm | 8| sm1 28/81 98/81
L fom 4] oam 16/81 64781
ol . |81 1k 3 189/81 504/81
189
Now M =2(%-%) f(% - xﬂ——l=233
05 =VIG - f G -%)-[G-5) f G -5,
189’
31 =T =v6.222-5.429 = /0.7931 = 0.88
(iii)  Verification:

Mean and variance of population 1:

=

3

O'lz =%_1\._

1

3+4+5 12

=—

3

I3 _
]

50 (12%
‘;‘3- =16.67-16=0.67

(475)

=

3

tstlcs - Xl e W -3
Statistics Unit-S: Sampling and Sampling Distributiors
Mean and variance of population 2:

L
M= = =2m167
Tx? (Y 11 (5V
oy ===l ___|2] 367 2780~
Sl [3) 3.67-2.789=0.88

By property:
My = M=, =4-1.67=233
2 F
Oy, = (| 2+ = JGE? O J0335+044 =0775=088
oo

These are same as computed results,

NART S
5.4 Proportion

An expression which compares a characteristic with the total is called
proportion i.e.

(parameter)
(estimator)

Where X denotes the number of individuals having a specified characteristic
and is a binomial random variable because each individual has two

Possibilities i.e. may or may not have the specified characteristic. Thus X~B (n, p).

5.4:1 Sampling distribution of sample proportion

The probability distribution of all possible values of § is called sampling
distribution of / . Mean of the sampling distribution of p is denoted by .

and it’s S.E by o,
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@. Mean of the sampling distribution of sample proportion is always
equal to the population proportion i.e. g, =p (bothin S.W.R and S.W.O.R
cases)

' (ii). S.E of the sampling distribution of  is: ‘

d;=,'ﬂ .q=l—p (incase of SW.R)
n

a. = .Eg_..{'l.___". (in case S.W.O.R)
4 \J n N-1

Note that if p is unknown and n is large, then &, can be estimated by

= -

S_Pq

n

(iii).  Shape of the sampling distribution of /i

For small n, its shape will be like binomial distribution but for

sufficiently large sample sizes, the shape of the samphng distribution

of § will be approximately normal.

=

The variable § can be standardized as Z = 2% = P~
o, [pg
P ¥ i §

S.W.R case) n

5.43 Formulas for Hyand g,

Mean E(p)= H;=ZPf (P)

SE o =Li D) -EHG]

(in

Statistics - X ;

Draw all possible samples of size n = 3 without replacement from the population

consists of six numbers 3, 4, 5, 6, 7, 8 and find the proportion of even numbers in

the samples. Construct the sampling distribution of sample proportion and verify
that;

&
The number of possible samples of size 3 in without replacement case are C =

20. The samples and the proportion of even numbers in the samples are:

" §.No. | Samples |
o B s B L
2 3,4,6 '
e e s I8 L T A )
4 |3.48 | 213
= 3,56 | 13"
6| L ST R | 15
7735, S A

The sampling distribution of p

e NOT FORSSALE
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= =% P iy
E@)= 1, =Zpf ()= 32 =05

o =\ZP f (D) -[25 F(DI]

2
= -6——(-19) =+0.3-0.25 =+/0.05 =0.22
20 \ 20
Verification:

() As even numbers in the population are 3 therefore,
pP=—== =-]£ =0.5, hence proved that ;= p

(ii) S.E in without replacement case by property is

i Jpq N-n _ [(05)05) 6-3 _ Jﬁ =0.05=022
f] n N-1 \I 3 6-1 15

This is same as computed value of g;

Sampling distribution of difference between two sami
proportions L3

The probability distribution of all possible values of P, — b, is called
sampling distribution of /, - p,. Its mean is denoted by E (p, — P2)=n;_; and S.E
by o,

Pi=pz
5.5.1  Properties of the sampling distribution of difference between
two sample proportions %o Thal

().  Mean of the sampling distribution of p, = p,is aqua] to the
difference between the Population proportions j.e,

Hy . =P1—p2 (bothin SW R and S.W.0O.R)

I:l.l). S.E of the Sampljng disu‘jhllti.ﬂﬂ of f?' = -ﬁi is

&NOT FOR SALE

- Aﬁh}E%ﬂwﬁT ‘&,,f ! I

ey

Unit .5 Simpllng and Sampling Distributions

Opyopy =[O 4 Py (S.W.R case)
n ny
pay Ny=m | pyg, Ny—n,
T e L 1 W.0.
Jn‘ Ry e (S.W.O.R case)

If p1 # p2 and also unknown, then for large ny, n; they are replaced with the
sample proportions f, and p, respectively. The O},-;,1s then estimated by

ﬁﬁ'l A!él
g & Lall (RFRY o+ §
A-h n, n,

(iii).  Shape of the sampling distribution of p, — j,.

For sufficiently large m1 and nz the sampling distribution of p,—p, is
approximately normal.

The variable p, — p, in standard form is written as

7= (P = P:) -y, _(Bi-b)-(p—p) (in S.W.R case)
Oz, J&@_+Pﬁ:
m m,

P — T

2 . -_._ ; [
DRSS 10 T e nEnESE o bith e samp lin s disto hutron

HBp-p= E(ﬁl = ﬁz} f(ﬁl _ﬁz)

- - A 2
G ™ \{E[ B— b, )z f(b- ﬁi}“[z(ﬁ -p.) f(B, _Pz)]
Example 5.9
Let p, represent the proportion of even numbers in samples of size nj = 2

drawn with replacement from a finite population consisting units 7, 8, 9. Let p,

represent the proportion of odd numbers in samples of size n2 = 2 selected with
replacement from another finite population having units 4, 5, and 5. Construct the

1180
oo gt eAr:
NU I U SAL

- e

i

i
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sampling distribution of the difference between the sample proportions j, _ |

. Now 9 x 9 =81 possible differences are given in the following table.

rp_lq-l.l-&gl - LT n o [ o T
ﬂ; ;

Na=3

b |
X}
(&

m=2 m=2

ity it =1 0= [ YR

: 4 l ﬁ“ 2;. L S ﬁ’z T L

| 0 L R -'l Iy l_ 0 st (ORE

i population-2 2 =2 25 oo %

LN LTS (0

=: [4,5,5] = AR E AR GO
5 =

Since sampling is with replacement, therefore, possible samples are
Nr=3=9, N,-==3==9

b | —
b
b
B | =
: S
12
H Rl 2

Population-2 : 2 & 2 ; 2 e
! No [Samples | p, _
1 4, 4) 0 1 =l =5 =1 = 0 ===y gaiissiea]
2 4,5) 1/2 : Jo£ =i A = Y { 5 . 75 o
3 45 172
4
5

b | =
=

[}
b | =
[

]

| 4 6 | e b
?‘“' 8:2) - - 1 =1 _-}i - I __% 0. |_% s "l

.; ?"jj?, (5 4) ¢ ],fz 1 : ) - l - 1 6 g ?'-,--:_1.6:"._-_-- ::-1 L;F:‘*:)!!-';f"-\i:fl:'Jé;S;-?'iE <]
i | i ' ¥ R R D PR T
Hé—}'ﬂ.ﬂ (5 5} 1 |—— . . i PR A Ar e ek
NG, 4 '

Pt o AR AR T EAbD.. & ALl =



S

s - XII o S AP S T e Iﬂ
The sampling distribution of =P :
7 s =5 ]
Wﬁ@ﬁ@ﬂﬁ‘?_. R
S e S
| T sl S il =z
i R TR e e ool 9
1 AR S (R TR - R | K
R e |
fr . Frypi=t - A . s - 2
e B 8 : it A aeer |4 =
| e i T o B 1
ai‘m' .;.':31 : Blaus 81
T e e IR
Mean of sampling distribution is;
27 1
ﬂﬁlp,'z(ﬁ P:]f(Pt Pz]"_'—__g
S.E of sampling distribution is;

0y = NE (B~ 5 £ (B o) ~[Z(Bi=P) £ (=)

e

Verification:
There is one even digit in population-1 so p, = %lq %
1
‘There are two odd digits in population-2 so p,= % 2
3
r }

' T
NOWPI.--PZ-;ﬁg__i_ﬂh-h'

Now by property, the S.E in §.W.R case is

B ir"'-: ili

S - Unit-5: Sampling and Sampling Distributions
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Example 510

Suppose that 43% of men and 32% of women of a city are in favor of a proposed
recreational facility. Describe the sampling distribution of the difference between
sample proportions from samples of sizes 350 men and 270 women.

 Solution: i,

Let proportion of men is denoted by p, and proportion of women by p,, then
given information is symbolized as;

=43% =043
gy =1-P,=1-043=0.57

p, =32% =032
g,=1-P,=1-032=068
n, =350 n, =210.

Describing the sampling distribution of the difference between sample
proportions means to find its mean, S.E and the shape.

By property we know that:
Hs 3, =P, —P, =043 0.32=0.11

- J(“"‘?‘)mﬂ) +032)088) _ /576007+0.0008 = /0.00151 = 0.04
350 270
Since the samples are sufficiently large, it means that sampling distribution of
P,~ p,has approximately normal distribution with mean 0.11 and . standard
deviation 0.04. _

104
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A group of individuals or objects about which we wish to know something is
ulation or universe. - -

c;]:hﬁ: mw of individuals or items of a population are fixed and limited, it

i i ion.

Eﬁ:ﬁ::;z":: :25:1};2 of an infinite number of items it is called infinite
lation. :

iops?ngle element or group of elements of a population ‘frc-m which req.uired

information can be obtained is called sampling unit or unit of the population.

A part or fraction of a population is called sample. ;

To ask a question or a series of questions from many people in order to gather

information is called survey.

A list of all the sampling units or a map or other acceptable material which

represent the population to be covered. Such a list or map is called sampling

frame.

The sample design along with some other aspects of the survey e.g. choice

and training of interviewers, tabulation plans etc. is called survey design.

Any function of population data is called parameter.

Any function of sample data is called statistic.

A statistic which is used for estimation of parameter is called an estimator.

Every estimator is a statistic but every statistic is not an estimator.

The error which occurs due to the natural differences among the members of

the population is called sampling error.

The error which occurs during the process of collection and processing the

data is called non sampling error.

The error which arises due to the personal interest of the investigator is called
bias.

The probability distribution of all possible values of an estimator is called
sampling distribution of that estimator.

® The standard deviation of the sampling distribution of an estimator is called
;.. standard error

An expression which compares a characieristic with the total is called

proportion

Statistics - Xl e W —
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iti.

vi.
vii.

viil.

ix.

vi.

S Eillin{the'hlanks.

- Unit'5: Sampling and Sampling Distributiof

Read/thé fallowing statements/carefully and indicate which statement is true
or false.

To perform a census, one would need to examine every item in a population
under consideration.

A primary objective of sampling is to choose a sample that is representative
of the population under consideration.

There is-no difference between random error and sampling bias.

An estimator or statistic is characteristic of population.

The sample mean and sample standard deviation are not statistics.

As the sample size increases, the S.E decreases.

A sampling procedure that selects items for a sample at uniform intervals is
called stratified random sampling.

The probability distribution of all possible means of samples is called
sampling distribution of sample mean.

The S.E of the mean is as the S.D of the sampling distribution of the sample
mean.

S.E can be negative.

If the number of units in a population is limited, it is known as
population.

A population consisting of an unlimited number of units is called a
population.

If all units of a population are surveyed, it is called

The discrepancy between a parameter and its estimator due to sampling
process is known as :

Standard deviation of all possible estimates from samples of fixed size is
called

The list of all the items of a population is knownas ____ .

|
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viii.

ix.

X.

fii.

iv.

Choose the correct answer.

Unk=sampmlia =~ 7

it can
Under simple random sampling with replacement the same uni pr
in the sample.

n
The exprcsmon — isknownas __——

mcalled____——

The quantity
fipc is dropped fromlhe-s E formulaif _——

A characteristic of population is called

(a) parameter (b) statistic

(c) sample (d) constant

As the sample size increases the standard error of the sampling distribution of
mean:

(a) increases (b) decreases

(c) remains the same (d) becomes negative

Probability of selection varies at each subsequent draw in:
(a) S.W.R ) SW.OR

{c) both (a) and (b) {d) neither (a) and (b)
Which of the following statement is true?

(a) S.E is always zero (b) S.E is always unity

(c) more the S.E, betteritis  (d) less the S.E, better it is
fpc can be dropped from the S.E formula if

(A n<5%N b)n<005N
© % <5% (d) all of the above

fp=40,0= 10.n=25.thenvalue0fo'; is
(a) 40 (b) 10 (©)2

(d) 04

54
5.5
5.6

5.7

58

vii.  The number of random samples of size 2 that can be selected W.O.R
from a population having 7 items are equal to

(a) 12 (b) 49 )21 (d) 14

viii. A characteristic of sample is called

(a) parameter  (b) sample (c) statistic (d) constant
ix.  The finite population correction factor is

o o o ol
X. An estimator is a

(a) variable {b) constant

(c) fixed value (d) random variable

What is meant by population, sample and sampling?

What is the need of sampling as compared to complete enumeration?
Write short notes on:
(i) sampling frame (ii) sample design (iii) survey
Differentiate between:

(i) Finite and infinite population.

(ii) Sampling with and without replacement

(iii)  Sampling and non-sampling errors

Match the symbols on the left with the phrase on the right.

symbol . phrase
Ty Samplemun_
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5.10

5.11
5.12

5.13

5.14

515

5.16

m*’_ﬁgmpllﬂg e g I A e R e

(a) What are the main objectives of sampling?
®) Define parameter, statistic and estimator.

Explnin sampling and non-smpliflg errors. What arc the methods of reducing
these errors? ek

Differentiate between probability and non- probability sampling.
Explain the following methods of selecting a sample:
0] Simple random sampling
(ii) Stratified random sampling
(1ii) Systematic random sampling
Define a simple r:;.ndom sample. How a random sample could be selected by:
(i) Goldfish bow] method
(ii) Random number table method
Define the following types of samples:
(i) Random sample (ii) Non-random sample
(iii) Stratified random sample. (iv) Systematic random sample.

Select a random sample of 10 cities from a list of 200 cities by using a random
numbers table.

(@)  Describe stratified random sampling and proportional allocation
" methods.

(b)  The grades in an inter examination of a college were as follows:

(= p=_ a‘d-_-:-- = reey N ALE
Grade b

No.ofswdens | 150168 195 | 20

If we vaish to select a stratified random sample of size n = 40 by pmportional
allocation, how large a sample must we take from each stratum?

|

Statistics - All

5.17

5.18

519

5.20

3.21

322

J PG GBI R TR

A stratified random sample of size 7 = 200 is to be taken from a population of

size N = 40,000 divided in to five strata of sizes Ny = 15,000, Nz = 10,000, N3 =
5000, d

Na = 8000 and Ns = 2000. If the allocation is to be proportional, how large a
sample must be taken from each stratum?

Describe the concept of

(i) Sampling distribution

(ii) Standard error

(iii)  Finite population correction factor

(a) Define the sampling distribution of sample mean and describe its properties.

(b) A population has five elements 4, 5, 6, 7, 8. Draw all possible samples of size

2 with replacement and compute mean for each sample. Construct the sampling

distribution of X and calculate its mean and S.E also verify that g, =t and
a

0, =—F=-

Jn

A finite population consists of the numbers 2, 2, 4, 6, 5. Select possible random
samples of size 2 without replacement and find their means. Construct the

sampling distribution of the sample mean and verify that g, =M and
P {N—n

*odnAN-1
A population has a mean of # = 50 and a standard deviation of ¢ = 12. For

samples of size n = 4, what is the mean (expected value) and the standard
deviation (standard error) for the distribution of sample mean?

For a population with a mean of u = 40 and a standard deviation of o = 8, find

the Z-score corresponding to a sample mean of X =44 for each of the following
sample sizes:

(yn=4(i)n=16

PN T el N W =
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5.23

524

525

5.26

Given the five-element population 4, 5,7, 9, 10.
() Compute population mean and variance.

(i)  Suppose samples of size n = 3 are selected without replacement but yoy

compute r.r,’ directly.

(iii)  Suppose samples of size n = 3 are selected with replacement but you
compute @,° directly.

Draw all possible samples of size n = 3 without replacement from the population
0, 3, 6, 12, 15, 18. Construct the sampling distribution of the sample mean and
verify the relation between:

(1) Mean of the sampling distribution and the population mean.

(ii) Standard deviation of the sampling distribution of the mean and the
population standard deviation.

Define sampling distribution of difference between means of two samples.
Describe its important properties.
Draw all possible random samples of size n; = 2 with replacement from the finite

population consisting of -2, 0, 2/and 4. Similarly draw all possible random
samples of size nz = 2 with replacement from the population —1 and +1.

(i) Find the possible differences between the sample means of the two
populations.

(ii) Construct the sampling distribution of X, - ¥ i

b c! ot
(iii)  Verify that i 5, = I — ity and ;s = bt BT
n
Dn}w all poss:ihlc random samples of size n, = 2 without replacement from a
finite population consisting of 3, 6, 9. Similarly draw all possible random

samples of size m; = 2 without replacement from another finite population
consisting of 2, 4, 6. !

()  Find the possible differences between the

sample means of the (w0

populations.

Statistics - XII

5.28

5.29

5.30

5.31

N~ cAlEl.. e < NOBEORSACEEES

npling and Sampling Distributiahe

(i) Construct the sampling distribution of X,-X,and compute its mean
and variance. Also verify the theoretical results,

What is meant by proportion and sampling distribution of sample proportion 7
Describe its important properties.

Draw all possible samples of size n = 3 without replacement from the population
2,3,3,4, 5, 6 and find the sample proportion j of odd numbers in the samples.
Construct the sampling distribution of sample proportion and verify that H,=p

A pg[N-n
d Ve =ad|
and Var(p) nl_NulJ

The marital status of a population of seven friends is U, M, M, U, M, U, U where

U and M stand for unmarried and married respectively. Find the proportion of

married friends in the population. Take all possible samples of two friends

without replacement from this population and find the proportion of married

friends in each sample. Make the sampling distribution of the sample proportion
: 5 2_ pq( N-n)

and verify that i, = p andg,* = S k_N—lJ'

Let P, represent the proportion of even numbers in a random sample of size
m = 2 without replacement from a finite population consisting of values 4, 6, 9.
Similarly, let p, represent the proportion of even numbers in a random sample
of size n; = 2 without replacement from another finite population consisting of
values 2, 2, 5. Form a sampling distribution of , — p,and verify that:

@ E{fﬁ = ﬁ‘z) =h-p

(i) Var(p, — p,) =

na N —n +ﬂgj_ﬁi""'1
m N-1 n, N,-1

|
|
|
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