Statistics - Kli

Sampling and Sampling Distributions

After studying this unit, the 5"-“‘??,? -

efine sampling, sampling unit, sampling frameand sample design

ferentiate between finite and infinite populations, sample survey and complete {f
umumtlon.Des:rlbaadvantaginsandilrnitationsut’sampiing. :‘}‘k
« Distinguish between probability/random sampling and non-probability/non-random .-';'
~ sampling, random samplingwithand without re placement. S
Differentiate betweensampling and non-sampling errors _# :
 » Describe simple random sampling stratified random sampling and systematic random .5:
sampling. B _:-|‘.'
'+ Use the random digits/random numbers table to select a simple random sample froma
.. givenfinite population. 5%
'+ Define sampling distribution of statistic and standard error of statistic, sampling '
distribution of sample mean. :;
“» Describe the properties ofasampling distribution ofasample mean. =
"+ Construct the sampling distribution of sample mean to verify its properties aboutitsmean
andvariance, .
: L Define the sampling distribution of difference between two sample means.

Describe the properties of sampling distribution of difference between two sample
means.

Construct the sampling distribution of difference between two samples means to verifyits - ;
propertiesaboutits mean and variance.

Definesampling distribution of sample proportion.
Describe the properties of asampling distribution of sample proportion.

- * Construct the sampling distribution of sample proportion to verify its properties aboutits
- meanandvariance,
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_ 51 Need of sampling survey

, The (.mg!n of sampling is as old as our civilization and now it is a part of
our ruy—lﬂ-;la{y hﬁ:_,. Hluman knowledge and actions are mainly based on samples
specifically, in scientific research. Sample data can either be obtained thmugtln

sample surveys or experimentation which i ici
is the basic input in statistical i
and inference. " i

5L Key ferms and definitions

L] 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,

¢ 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 clement or group of clements 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 nntural. [e.‘ET a person, a
family, a tree, an animal ete) or artificial (e.g. 3 village, districts, a plot of
specified size ete.).

e Sample

A part or fraction of u population is called sample. In everyduy‘h!:e
decision about population is made on the basis of a sample, therefore, 1t is

i
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important that personal liking or disliking may not be involved during y,
selection of a sample, that is, sample should be random and must be g g,
representative of the concerned population.

To ask a question or a series of questions form many people in order (g
gather information is called survey. When every individual of the population 5
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).

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.

All principle steps including the methods which are taken in the selection
of a sample is called sample design or sample plan or sampling plan- It i
formulated before the actual collection of any data, For example, if we want 10
take a sample of students from Peshawar university, then a complete plaf
a_:how:ng number of students to be included in the sample, which students are ©©
mnluded.. Il-m prluporﬁun of students, method of sam’pling to be used, what
characteristics are to be studied etc. will be called sample design.

:I‘?m sample design along with some other aspects of the survey e.g. choice
and training of interviewers, tabulation plans etc. is called survey design.

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 quite reliable information but practically we face the
following problems:

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

impossible.

i, 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.c. 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 1o CENSUS, sampling studies only a selected number of.un.ils of
the population. For instance (i) A housewife takes one or two grains of rice Emm
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 (i) A quality controller takes a few items and decides whether the
lot is in accordance with the desired specifications or mot (iv) In 2 b‘fnlb
manufacturing factory one tests the life of a few bulbs and then thc ﬂ:ﬁ
about the average life of the whole bulbs prudw:?:d by the factory ﬁm 91
these examplesfuses clearly reveal that sam;;i_mg has been an old pract
Sampling is less expensive and less time conSuMing.

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 gng
analysed more quickly.

The cost of sampling is very much low than 100 % enumeration
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.

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. £ = mean, o=
variance, o = standard deviation etc. Any function of sample data is called
statistic. It is denoted by Latin leiter e.g. X = mean, $% = variance, § = standard
deviation elc. 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 err.nr \l-.rhich occurs due to the natural differences among the members
of the population is called sampling error. For example, 1.Q, educational level,

e R I #L‘n‘ :
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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= |¥ — 2l where 2 detiote

parameter and X  denote estimator. Sampling emor can be reduced by (i)

increasing the sample size (i) improving the sample design. It is also called
random error or compensating error,

¢ 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 Biasin 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 nfr_h: sample
units (ii) substitution of sample units by other units (iii) incomplete or umdequat.e
interviewing (iv) haphazard or accidental selection. Bias cannot be reduced until
it is detected.
mpling -ivi?ﬁj?iﬁﬁ"'ﬁfliﬁut replacement
A Samphngmth replacement

When the item selected for a sample is returned to the populal?un be't"c-te
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.
i, Sampling units will be independent.

v, Sampling units can be selected more than once.

V. Population remains infinite.




'-uun-:'--.'_‘ s ol v'*":'\'_»f._.__:"

Statistics - Xl

e o )

| Unit 5 Sampling and Sampling Distsibutions

When the item selected for a sample is not returned to (ha (i)

population before drawing the next item, it is called sampling withoy,
replacement (S.W.O.R). In this case;

Sampling without replacement case

ber . ) _ N . ]
The number of samples in this case = (E-E‘: 6. The procedure for drawing

: & N sal‘l‘iple? in this case. is that consider the first unit 2 with all other units of the
i Possible samples will be C population and keep it aside, then consider 4 with remaining units and keep it aside
ii ili i " i - , we ha

ii. Probability of selection of each unit changes from draw to draw, Bn-20/08 Ve

jii. Sampling units will be dependent. (2.4) (2,6)

iv.  Sampling units can be selected only once.

@8 . 68 @ 68) |
51.9.  Probability and non-probability sampling methods |
: i

-V The sample size is less or equal to the population size, that is, n < N, : Sampling methosi.s are bruatiljr.d.i\rided in‘ to two categories (i) Probability
“ sampling methods and (ii) non-probability sampling methods.

- 4 Probabiity sampling methods |

Suppose a population consist of values 2, 4, 6, 8. Draw all possible

- < - When each sampling unit of the population has non-zero probability of
samples of size two (i) with replacement and (ii) without replacement, 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
i : i describe here the simple random sampling, stratified random sampling and

Given 2,4, 6, 8 (population), N = 4 (population size), n = 2 (sample size)

systematic random sampling methods.
s i o Nomprobabysmpng bl

The number of samples in this case = N" = 4> = 16, The procedure for

ing samp! When selection of units for a sample on each draw is not based on
dravisg les is that divide total number of samples by population size ie.

probability but personal judgment plays a significant role, the selecﬁ.:ln f:jdurc
16 ) : ili i -random sampling. Commonly used non-
2 i i e is called non-probability sampling or non-ran P )
2 4 and write every unit of the population 4-times in the first column, then probability sampling methods. are: purposive o judgment sampling, Quota
ivi i , sampling, convenience sampling etc.
divide the obtained result 4 by the population size i.e, ~=1 and write every - .
element of the : 3 5.1.10" Simple random ﬂi:ﬂp'lmg
population once in the second column as shown below:; In this method, each and every unit in the population has an I:ua!l:i::n;
&3 9 6.2 8,2 of being selected for a sample. It is also known as random sampling: & 1%,
‘ : . od robability sampling methods. It is a
" Sl Aot ®.4) Soplest pad i . li mo:li:ds It is the best one for homogenous
' base for other complicated sampling methods. L1 et
(2& 6} ':41 6) (6p 6) (8, 6) I Pﬂpul&tinn. The Sil.l'l'lplﬂ sclec[ed by this meml(;d;acniﬁei“:g :elﬂmd by w“h
&8 4.8) - (6,8) (8, 8) or simply random sample. A random samp Y
! 1]

@)
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replacement process with probability },lr-— or without replacement process yjy,

pmbabi!ity% ;
(&

% Methods used for selection of a simple random sample

o R T
ko Goldf

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 SWR

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

M
N e e .

This method is like random number table method. The only difference

Select a simple random sample of size 5, without replacement from the
population of 50 employees of a factory by using random number table.

Allot two digit serial numbers 00, 01, 02... 49 to employees. Select 5 W0
digit random number from the random number table, ignoring the two digit
number which is greater than 49 or which is appearing again being 5.W.O.R ¢as¢:
Let the random numbers be 04, 10, 37, 17, and 48. Thus we will include thos®
ifélployees 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

When population is homogenous according to a characteristic e.g.
population of first year students is homogenous according to education level, then
simple random sampling is good method but when population is hmw;c;waaus
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 vsed 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 selected by this method is called stratified random sample. For
example,

®™ (Population)
i A |
N, N, N, =——— N, (strata)
:, :2 g+1, ........ i z‘ (random samples from strata)

ny + Nz + ... + ng = n and n is called stratified random sample.llisil_:ngonanl 10
note that stratum should be homogenous with respect 10 the characteristics under
study. However, there should be heterogeneity among strata.

In stratified random sampling one of the major problem is that how much
portion of the total sample size n is taken fmm each suamfl:?aflom mthﬁ
namely equal allocation, proportional allocation: Neyman's - N:::;, -
optimum allocation are generally used for allocation of n to vanous

T:FOR:SAL
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most commonly used one in practice is the proportional allocariqy

According to this method, the number of units to be selected from Sy

proportional to the size of the stratum and are obtained by the formula:

N = population size
Ni = h* stratum size
ny = number of units from K™ stratum for n.

n = sample size

atatistics - Al -

In systematic random sampli i equal

ysRem pling units are selected at i i
every K™ unit, with a random start. The procedure is that items of lhq:I!';v'f:-:::.“n1 jon
are first numbered from | to N and are then divided into subgroups, ﬂ::;

containing ~== k units, so that N=nk, Aunit iis selected at random £

the first k units, then every K unit starting with i is selected ie. i, (i +K)

(_r'+‘1k}...:.{: +{n-1)k). Let suppose one is interested in choosing 100 schools from a

population of 1000 primary schools. All schools are first given a serial number as
N 1000

001, 002, 003... 1000. Compute ;=-]-b-a-=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.

520 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% § etc. The
values of these estimators would also need to be summarized in tabular form. This
n

.! | 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 ve
take from each stratum?

': Given N =250, Ny = 180, N2 =50, Na=20,n=15

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

| n,=—N, table is technically called sampling distribution. Hence following the same pattermn
'. N we can define the sampling distribution as; “The probability disuribution of all
"N 15 30 possible values of an estimator is called sampling distribution of that estimator”.
n=—N,=—(180)=10.8=11
N 250 W_
\ "FLN; =£(50)=3 The standard deviation of the sampling distribution of an estimator is
al =0 called standard error (S.E). Both have the same concept. The standard error
n

15
=" N.=— —12=
n N3 250(20]—12:1

and i
the stratified random sample is n = ny +ny + n3= 11 + 3 + | =15

161 . ll“L -

measures the dispersion of all values of an estimator from its average.




samplingdistribution of sample mean

The probability distribution of all possible values of the estimator ¥ ;

called sampling distribution of X ...

Sampling distribution of X

| &
| f®)
o i

The mean of the sampling distribution of X is denoted by E(X)= g, (read as mu

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

i.  Mean of the sampling distribution of X is always equal to the population

mean i.e. M, =g (bothin with and without replacement sampling)

ii.  Standard error of the sampling distribution of X is

T, = b (in case of sampling with replacement)
n
Bl e (in case of sampling without repl
Sy —— 1
TN pling without replacement)

N-n, :
Note that the factor .’ s called finite population correction factor (fpc). It is

dropped from the formula when n < 5 % N and is used when n > 5%N.

(4]
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iii. Shape of the sampling distribution of ¥
There are two cases:

(a) If the sampled _pupulatinn is normal, then shape of the sampling
distribution of X will also be normal irrespective of the sample size.

(b) If the sampled population is non-normal, then according to central limit
theorem (CLT), shape of the sampling distribution of X will
approximately be normal provided sample size n is large. Note that
statisticians consider n = 30 as large sample.

5.2:4" Formulas for' mean and S.E of the sampling distribution of X

=X f (%) (Mean)

o} =T @ -[LFf@]

(Variance)

o, =ZF®-[ETf@] (B

z e -y, X-p
Note that the random variable X is standardized as Z = o';u = 7‘{-
{In S.W.R.case) n

Example 5.4
Consider a family (population) of four children having ages 2,2,6, 8 years.

i Find mean and standard deviation of the population.
ii.  Select random samples of two children with replacement and calculate
the mean age ¥ for each sample. ~
iii. ct sampling distribution of X )
::r g:::i;t mnnpandgseandnrd error of the sampling distribuuo!: of mean.
v.  Verify the results obtained in (iv) by properties of the sampling
distribution of X
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(iii)  Sampling distribution of ¥

X | Tallybar |

{5
R
4

s owlS

Population Standard deviation is given by

) 11_.[2{2_ L?E'[E):ﬁﬂ.sgs - 5 T
AN AN V4 L4 - t

6 Tt LaaT

(i)  Possible samplesin SWR=N"= 4=16

7 I 2

 SNo. | Samples = SNo. | Samples &7 BU s - e | 1O

L il

Total ; %26 | =4

MR 02 2 9 6.2

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

F-.

| % 2.2 2 10 6,2

T | o | @ | Bre

2 | ane | se | 1616
4 2,8 5 12 6,8 7 =i
' 4 | 4ne | 1616 | 6416

3 2,6 4 11 6,6 6

=1 [
y ol | [

: 8 5 z = Zal 058
5 2,2 2 1B & 5 | ane | 20n6 | 10016
&% L 2 14 8,2 : 6 | w6 | ene | 36ne
~=E . - E | AR

i i by ] 7 26 | 1416 | ;;am""_;"% s

16 8,8 8 8 e | 816 66

TR
e e Sl

Toul | 1 | 76 | 3mn6

= =L L F sl Si

AlOT Fﬁ(_)R

e

|3

e - o i Bl S
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72
Mean = g, = ZE f(F)=1 =45

SE=0, =|TEf®-[ZF @]

“Vis 16

=423.625-2025=/3.375=1.84

{v) Verification:

(a) As u= 4.5 and M= 4.5, hence the property 4.= itis satisfied ie.
mean of all sixteen sample means-is equal to the population mean,

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

o, r =—J~5—=m =1.84_ It is same as the computed S.E

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

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

A population consists of

" number 2, 4, 8, 8, 10, 10, Samples of size 2 arc 10

without replacement from this population.
{,1) Find-mean and §.p of this population.
(ii) Construct the sampling distribution of ¥

(i) Verify that E(X ) = yyand ¢ =9 [N—n

‘=7: N-1

Given population is 2, 4, 8, 8, 10, 10

Here N=6,n=2
i _g:_.:'_
(i) U= i
ﬂ':‘\]z_'tl__.
N

(iii)

2444848410410 42

— e,

6 6

6

Ric

sNo. | sumples | g | SNo | Suples |

: Y : 9 ano |

: A : 10 8.8

3 2,8 s 1 55

¥ e 6 12 8,10

5 2,10 6 13 810 4
6 4.8 6 14 210 |
) 4.8 s | 1 0.0 | 1

B 5 | el w

~ _NOTEORSALE
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The sampling distribution of X is given below:

X ‘Tally bar f f(x)
3 |52 1 115
5 Il 2 2/15
6 111 4 4/15
7 s 2 2/15
3 | 1 115
9 i1 4 | 415
10 | 1 1/15
“Total 15 1

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

% i@ | xf&® | X ()
%) 1/15 3/15 9/19
5 215 10/15 " | 5015
¥ 4/15 24/15 144/15
S 215 14/15 98/15
8 1/15 8/15 64/15
9 415 3615 | 324/15
10 115 10/15 100/15
~ Totall | 1 105/15 789/15
105

E(f)=.te=EIf(f)=E=7

= 2
0, =\ ®-[EX f@)] = %&_[E)
15
=4/52.6-49 =Jﬁ =19
Now verification of the properties:

@ Asweseethat 4=7, E(X)=7, hence proved that E( X ) = it

. _at -
Sratistics - Xl

(ii) InS.W.O.R case, the S.Eis
g |[N-n 3 [6-2 3 |4
o= = |——=— ==
=T \Nn JaV6 @J; i

This is exactly the same as computed &, .

| 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.

: Solution:

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.

” e ,‘ . ‘-""E}*'( .
Uniit -5: Sampling and Sampling Distributions

SNo. | Samples| 5 | SNo. |Samples | X smwwﬁf ;
i 333 s | 10 |fe33i| # A= T0.3.3 5“
2 3,3,6 4 11 6.3,6 5 5
3T | a3.00 50 [Tz dleesBiles

4 |363| 4 | 13 |663

5 3,6,6 5 14 | 6,6,6

6 [369| 6 | 15 | 669

7o 15393 | 8lt6 | 693

g |7 3.9,6 )+ 64| 12T | (6. GHEASE .

o [ [ w fesefs | @]




Ahe sampiifig Teimmms —
7| )| xre
1127 3
3127 12/27
6/27 30/27
127 4227
6/27 42/27
327 24727
1/27 9/27
5 162/27

NowE(X)= ,f,ti:Eff(E):%:G

"‘”“"F\[H’fﬁ'}-iiifﬁ)]’ = %ﬁ—(ﬁ)’ =+/38-36=1.4142

Popiien fiéaa: e L 3+6+9 13

Population $.D: o= QI_(&T: 126 (18 2_ - =.J6=
JN = S =42-36 =/6=245

Verification

(i) weseeﬂ]a'lE{f]_u__ﬁ

@  TheSEinsw Lo
WR. caseis L =24 _
A 14142 =0,

@

JNOT CARS,

5,3 Sampling distribution of the

difference hetween two sample means

The probability distribution of all possible values of X,-X, is
called sampling distributing of ¥, - X, . Mean of the sampling distribution
of X,-X, isdenoted by K, and SEby o,

53:1

Properties of the sampling distribution of X, — X.

(i). Mean of the sampling distribution of X, X, is equal to the
difference in population means i.e. M=t —4  (bothin
S.W.R and S.W.O.R)
(ii). Standard error of the sampling distribution of X,-X, is
g’ o,
O 5, = [—-+—=- (in case of S.W.R)
oo
2 5 2 =
=J‘T_-”- MG N (in case of S.W.OR)
mom=ln nm-l
(ii). Shape of the sampling distribution of ¥, -X,

There are two cases:

a) If the sampled population is normal, then sampling distribution of
X,-X, will also be normal irrespective of the samples size.

b) If the sampled population is non-normal, then according to central limit
theorem, sampling distribution of X, -X, will appmximéle!y be
normal provided m and nz both are large.

The variable X,-X, in standard units is written as




L
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Formulas for 4+ _?::'lllﬂ Oz %

=

Draw all possible random samples of size ny = 2 with replacement
from a finite population (3, 4, 5) and sample of size n2 =2 with replacement from
another finite population (1, 1, 3).

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

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

0.2 G_Z
(iii)  Verify that g, . =~ s and o ; = _n,L+_L

ny

yove Population-1 Population-2
[3|41s] [1'1,3]
M=3 No=3
m=2 ma=2
with i Jes from
Population-1 are N,™ = 32 replacement therefore possible samp

=9 and population-2 are N,"2=3?=9,

172 A

(i) The 9 % 9 = 81 possible differences fl-fl are given in the

following table

1. | 2. 25 3 25 aeiys

1 2 2.5 3 25 3 35 -
2|1 15 2 15 2 2502
S N e i g s 5
1 2 2.5 3 25 3_ - o~
goailloantrs: 9 TAREIESD

2 |1 15 2
|1 grofiags

. RUATE-EADCA L=



(i)  The sampling distribution of X, A

X)) | Tally | f|fE-R) X, -X,)f(%-X) {x,-.fl)zf&l.__%

f B ik - | © |- 181 0
Bgs L v (2] s 1181 0.5/81
By | e (7] mm 7181 7181
15 | ww |10] 10m 15/81 2581
O kel B 34/81 Gy
25 W16 | 1681 40/81 100781
e 3 HE L 16 16/81 48/81 144/81
35 | mm | 8| 8m1 28/81 98/81
oo [ 4| am 16/81 64/81
L Total . - | 8L dsks 189/81 504/81

e A T .,
Now ﬂ;]_%=lfx,‘x1:'f(x|'xa:'=‘ﬁ=2-33

Orn =VIG-%) f G -5)-[35 -5) G )]

504 (189
P (BJ =+/6.222-5429 = \J0.7931 = 0.88

(i)  Verification:
Mean and variance of population 1:

= 3+4+5 12

=e—=

3 3
2 2
or=2% (ZxY 50 (1pv
: T;:\( N.J -;-(-3-) =16.67-16=0.67

pap il Y. @

1
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Mean and variance of population 2:

L
== =2s16
T (Z6Y 11 (sY
O'z=————- o — =—| | = - =
IS [3) 3.67-2.789=0.88

By property:
ey =y~ 1y =4-1.67 =233

Oy, = J—LJL_ }9‘3_7+@—J0335+044 =0.775=0.88
moom

These are same as computed results.

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).

541 Sampling distribution of sample proportion p

The probability distribution of all possible values of p is called sampling
distribution of 7 . Mean of the sampling distribution of p is denoted by .

and it’s S.E by o,
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Draw all possible samples of size n = 3 without replacement from the population

@). Mean of th ing distribution of sample proportion is always " ;
equal to the ul:tio: smpm?fn ise —p (both in S.W.R and S.W.O.R consists of six numbers 3, 4, 5, 6, 7, 8 and find the proportion of even numbers in
Pop PRpRNIOnLE: = the samples. Construct the sampling distribution of sample proportion and verify
Fases) that;
' (ii). S.E of the sampling distribution of p is: ’ @  w=p
=[P4 =1— i S.W.R) N-
o, =,]— ,g=l-p (in case of _|(paN-n
[ 1,] G, ==
" B N N
0= fﬂﬁ;ﬂ (in case S.W.OR) ,  Solution:
n N-1 = i
Note that if p is unknown and n is large, then &, can be estimated by The number of possible samples of size 3 in without replacement case are C =
s P 20. The samples and the proportion of even numbers in the samples are:
PV SNo. [[Samples| p | SNeL. &
o) Da A R S i

(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 p will be approximately normal.

3,4,6_

The variable p can be standardized as Z=2—*2 = P—P iy
P Pq
S.W.R case) n

5.4.3° Formulas for 15 and'o.

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

SE =) -E iG]

Tl R e RN e s




= Uit .5 Sampling and Sampling Digtributlions

E() = p,=Xpf (p) = 10 =05
_ |9
20 ﬂ'ﬁ,-p.j" n: +_E'—p"ji (S.W.R case)

o, =J}_‘,ﬁ‘f(,ﬁ]—[£ﬁf(f’)r

= ‘]fﬁj_ Nl"fﬁ +P1‘?& N,—n,

m N1 n, No-l (S.W.O.R case)
2

6 2
. -h-(%%] =03-025 =005 =0.22

20 If p1 # p2 and also unknown, then for large ny, m; they are replaced with the
Verification: sample proportions f, and p, respectively. The 0}, 1s then estimated by
(i) As even numbers in the population are 3 therefore, Bk ﬂl_* pad,
Sl 0.5, h ved that " k E
= —=—===—=U.3, Nence .=
P pmsas pro ;=P

(iii).  Shape of the sampling distribution of p, — f,.
(ii) S.E in without replacement case by property is
For sufficiently large ny and na the sampling distribution of p,—p, is

N-n 0.5)(0.5) 6-3 0.75
O = .q!liq Nl \’i( :: }.a =JF =40.05=0.22 approximately normal.

This is same as computed value of o, The variable p, — p, in standard form is written as

7= (ﬁl_ﬁi}nﬂﬁ'ﬂ: =(ﬁl_na=:'"{P|"P;)

Sampling distribution of difference between tyyo sam (in S.W.R case)
proportions | Th-h J&‘i + 229
Sl -~ L
The probability distribution of all possible values of j, - p, is called Re— v —
i g P SEOEITEE TR T s P e A i & st hi o)
sampling distribution of p, — p,. Its mean is denoted by E(p, - p,) = H; _; and S.E Jung Hshatoen
by Ty ﬂﬁ,—a,=z(ﬁ1‘ﬁ1} f(fﬁ_ﬁz]
55.1  Properties of the sampling distribution of difference be d )l JE b 5.V £(5.-b.)=[Z(p, - B:) F (B~ P )]:
oo gl pEAES Onn= \E (=2 (5= 2.)-[Z(0 = P:) (=B
(. Mean of the sampling distribution of p, - p,is equal to the Shmlesy)
difference between the population proportions i.e. Let ﬁl represent the proportion of even numbers in samples of size m =2
My s =Pr1—p2 (both in S.W.R and S.W. OR) 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

180
*'- \_}5;"'5‘}'“1. '-'.t-;-:'-‘ ‘.1 T 1 - : ; . 3 r:—-"';_"'_.l'_ ".-_ Y Q Rt .-—‘:
AT g0 NOT FOR SALE | NUi UR SALE

(ii).  S.E of the sampling distribution of B =p, is
2

-]

‘}_.-




= - . . - ”-"""'“WHQ‘ Smlnks-xrlrr -y fﬁfﬁ‘vv!{m*mg;mﬁ!m
sampling distribution of the difference betWeer the sample proportions p, _ B butiohs

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

Py , Padz » S R A i
and verify that 1, , =pi-p2and 05, = 7 "1 e 2 6 s ik 53 L e ‘?‘fﬁ_“f‘i‘*' ¥
| : RN 2 ”2 i
‘. Given population-1 population-2 ) 1 : : ; i
1 1 S 1 1 :
| (7.8,9] [4:5,3] 2 2 2 5 WY 2 0, . 2
' Ni=3 N2=3 _ 5 L g 2% 0 T A s 63 3
— =l 2 2 2 2
 Since sampling is with replacement, therefore, possible samples are % __;_ 0 _% 0 % il % g ' _;;:1
| N} =329, Nm=3=9 R
| 0 (PRE SETRE St v
Population-2 ; : i
e B vl B g £ e
4, 4) 0 - 2 E 2 : PR 2 e
(4, 5) 1/2 : : ' AR b
1 1 1 1 T B 1
| 4,5) 1/2 5 =S 0 -3 0 3 0. g . =3
| (5, 4) 1/2
| 65 | 1 R I R T
| (5,5 1
G4 |12 6, (2.5 -g0is8
: o ( .) 12 ; s h_12- e _% i _%
t_ s I- :rggl.;s‘)_.u - 1_-:' e
B
o0




|
|
i

- CL—

B e LL e Aanreaio S A

'-jzhgp, 7) 4B Eﬂ
_16_ _ ]
7! .,
_8_ '
81 i
: 0 |
3 T A ey = -5 ] i
. b, i :Bi r.:" . 81
E s e T
S TR 281 L
| e 22
e ﬁ&?xj—“-‘ SR g9
Mean of sampling distribution is;
1
My =Z( By~ 22)f (B — P«.)—-"—“'g
S.E of sampling distribution is;

- - - -~ - -~ 2

L \Iz(ﬁl'ﬁz)zf(Fl'Pz)*[E(Pl'P:]f[Pl_Pz}]

2
= .1_—[-1] = }-—l =J§ =047
3 3 J3 9 X9
Verification:
There is one even digit in population-1 so p, = %:%
1
‘There are two odd digits in population-2 sop,= L_E

2

1 2
Nﬂwpl .-PZ= —3‘ - _§=_§=#h-h'

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

T P

A

_II": .ﬁ

S - Unit-5: Sampling and Sampling Distributiens
i 61,6 e
Pidy 3N3 303 1.1 |2
e -I- = + =,|l—=4+—=_|—=047.
P ey ", ftg > 2 9-{- 5 J; 0.47
(Example 5.10

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: :

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

=43% =043 p, =32% =0.32
g,=1-P=1-043=057 q,=1-P,=1-032=0.68
n, =350 n, =270,

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:

Uy =P, —P,=0.43-032=0.11

= J(B.dS}(U.S?] +{U.32)(0.68)

= J0.0007+0.0008 = +/0.00151 =0.04
350 270

Since the samples are sufficiently large, it means that sampling distribution of

- p,has approximately normal distribution with mean 0.11 and standard
deviation 0.04.

184
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A group of individuals or objects about which we wish to know something is
ion or universe. - e
cl;uﬂ:: ziul::ruaf individuals or items of a population are fixed and limited, it
i i ulation.
giﬂ::!;::i:i;:: xﬁsists of an infinite number of items it is called infinite
lation. s
Tps?ngle element or group of elements of 2 population _f“‘m which Tﬂ‘l_“il‘ed
- formation 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 @ 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
smnd_lard ermor

An expression which compares a characieristic with the total is called

proportion

el
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Read'the fallowing statements carefilly and indicate which statement is true
orfalse.

To perform a census, one would need to examine every item in a population
under consideration.
ii. A primary objective of sampling is to choose a sample that is representative
of the population under consideration.
iii.  There is-no difference between random error and sampling bias.
iv.  Anestimator or statistic is characteristic of population.
v.  The sample mean and sample standard deviation are not statistics.
vi.  As the sample size increases, the 5.E decreases.
vii. A sampling procedure that selects items for a sample at uniform intervals is
called stratified random sampling.
viii. The probability distribution of all possible means of samples is called
sampling distribution of sample mean.
ix. The S.E of the mean is as the S.D of the sampling distribution of the sample
mean,
Xx.  S.E canbe negative.

521

Rl the blanks.

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

vi.  The list of all the items of a populationisknownas .

| N
es——— o b D e g ] = P R =
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viii.

i

Under simple random sampling with

The quantity

Choose the correct answer:

i et e S e
mplaccment the same unit can occur

in the sample.

The expression —'% isknownas __——

N"l’ sycalled =

fpc is dropped from the S.E formulaif __————

A characteristic of population is called

(2) parameter (b) statistic

(c) sample (d) constant

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

(b) decreases

(d) becomes negative

(a) increases

{¢) remains the same
Probability of selection varies at each subsequent draw in:
(a) SWR (b) SW.OR

(c) both (a) and (b) (d) neither (2) and (b)
Which of the following statement is true?

() S.E is always zero (b) 5.E is always unity

(c) more the S.E, betteritis  (d) less the S.E, better it is
fpc can be dropped from the 8.E formula if

(A n<i%N (b)n<0.05N
© % <5% (d) all of the above

If p =40, o = 10, n = 25, then value of ¢ is
(a) 40 ®) 10 (©)2

(d)0.4

54
3.5
5.6

3.7

5.8

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
viil. A characteristic of sample is called

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

n-1 N-1 N-n N-n

(a) Ju—N (b) JT (c) i (d) N-1
X. An estimator is a

(a) variable (b) constant

(¢) 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.
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5.10

5.11
512

5.13

5.14

5.15

5.16

e - Y = “u "
Unit=or ARmpliig T = e

(3)  What are the main objectives of sampling”
(1)) Define parameter, statistic and estimator.

Explain sampling and non-sampling €rrors: What are the methods of reducing

these errors?
Differentiate between probability and non- probability sampling.
Explain the following methods of selecting 8 sample:
(i) Simple random sampling
{ii) Stratified random sampling
(iii) Systematic random sampling
Define a simple random sample. How 2 random sample could be selected by:
(i) Goldfish bowl method
(i) 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.

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

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

;' T e o
'.- v alr Bike: '___
S 1 —'ﬁ’%@%‘"# |
No.ofstdents | 150 [ 163 |15
[T ek Sl £ = i = .-‘_', iy | .i’.'::’t
If we wish to select a stratified random s P .

4 ample of size n = 40 b rtional
allocation, how large a sample must we take from each stratum? Yy propo

- o .

R e
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5.18

5.19

520

321

522

ARG SRR T T

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

size N = 40,000 divided in to five strata of sizes N; = 15,000, N2 = 10,000, N =
5000, }

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, =4 and
o

O, =—

e

A finite population consisis 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, = Mand
522 [N-n

o Jn A N-1

A population has a mean of x4 = 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 =40 and 2 standard deviation of ¢ = 8, find

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

(Yn=4()n=16

PNt -~ T al= M-I W =
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Given the five-element population 4, 5,7,9,10.
(i) Compute population mean and variance.

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

compute r.r,j 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:

(i) 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 m = 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, = X 2+

(i) Verifythat g, =g~ pryand o, = (9492
¥ il'lI 1‘31

Draw all possible random samples of size n = 2 without replacement from 2
finite population consisting of 3, 6, 9, Similarly draw all possible random

samples of size n; = 2 without replacement from another finit ulation
consisting of 2, 4, 6. ) e

(1) Find the possible differences between

populations the sample means of the (WO
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5.29

5.30

5.31

ROr e~ aat@ll e cam NOTREOR:SAM

)
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(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 j 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

sy Pgl N-n
nd Vi =
wavarcay n[Nhl}

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

and verify that &, = p and g’ =fng-[ :_ﬂ :

Let by represent the proportion of even numbers in a random sample of size
my = 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 ny = 2 without replacement from another finite population consisting of
values 2, 2, 5. Form a sampling distribution of f, — i, and verify that:

D E(p,—B,) =p—p:

o i N —-n  p.g, N.—n,
|',l o =E‘L 1 1+ 2
(i) Var(p, - p,) o —lu: No-1

e —t




