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CHAPTER -}

INTRODYC TION

Ths impartance of sampling in pyovidiag data with
) greator speed , greater sccuracy and lesscry cost is well wecog-
niged, The elonmient ar group of elemsnts on which infarmation
can bé taken is kaown a8 ths ' sampling yalt '. Tho group of
(e Wh‘:’w\
ualts apacified by the chjectives of survey is te!orrﬁ to s
b g Aalah B by Jec y
wlled samdd ! population ! .[ A population having Lﬂ&mﬂtﬁhle;’nmbar of units \s
9«\\;&;};\@\‘ PR\ ’
B peputekion called ! finlte ' and a population haviag u#omm number of

todowhids  oalts ig called ! lofiaite ' . 1o eampling , wo geaerally deal
%MAKM ELY

wiekad 4 ol with finlte populaticas and derive approulmatlone ‘for infinite
1:,;?3: 901»9-!:«
populations,

Femaan. 4y WAt
heknidee A Reun
W Radken . Part of population solocted by some procedure ls

callod a ' eample ' and the process of selaction iz called

K sampling ¢ . A ! yeprescntative sample ! is thot sample which
has characteristics similay to that of the population. Sampling

io gald to do ' with replacemens ! if the unit oncoe golected ls
replacod back intn the population for further selaction and * without
soplacament ' If the ualt once selocted Ls not given the chance of
furthor sclection in the sample, The procedure of selecting the
sample unit by unit is kaown as ! sampling scheme '. The set of

all poasible samples is callsd 'sample space '. The samplo



space together with tho associated prodabllity measure is called
the * nmpﬁng deslgn !, A gampling schemso gives rise to a

samspling deaign, Ro Pwotedude. o ukfmaﬂfua peparedion. }-Jtmckv», fagﬂﬂ\u.__
Lot tha danduink B o Bl Gauds R anfl valluay < el "Bt Prscedi,-
12t y be the character defined on the population which N
takes value y, for 1-th unit of the population, Any functiod of
population values is termod a8 the ' parameter ', ‘hocrrres-
? .f ‘
peakivoy function based o sample valuas 1o kpowd a8 ' estimatar '
The particular valus which the estimatoy takes is called the
/

testimate ', A sampling design together with an astimation pro-

" cedure ls termed as ' sampling strategy '
A Actadilic amd obpdive waalod of arfiding o Adunhe. wnls

oand.  'Collecting lnformation oo selected units of the pop-
ulation 1is called a sampls survey or a8 ! survey ' and collecting
information oo each unlt of the population is called complete
eaumeration ox ‘census . A sample survey helps in deeper
scientific investigation of 8 population with limited trained staff.
It also provides the measura of error involved in estimating
population parametor such as mean otc. The cedsus is used when
cost la ao consideration, chamteu‘ can be easlly recorded ,
nod sampling errare are dot lavge and detalled break up for sma-

lleas administrative ualt is tequired.

Tha Akandund, ool a4 M&MM.\«M.S%M.



The charactey In which we are lnterested lo called the
‘stuly charactez’. [0 most of the cases sncther character highly
correlated with the study chayacter is available for all the voits of
tha population. Such a charactsy is called * aoxillagy character !
and the laformation based oo it the 1 anclllary information *. Such
information ls used for obtainlag efficient resuite in estimation of
‘Population mean'or tofal, The ancillary iafermatica can be mede
use of cither for asclection of sampling nn}q frem tho population as
ia PPS éampling or for stratification of fke talts in the population

or {oy ratic and regression methods of eetimation,

]

When the units vary coniideubly in gize, the selection
of sampling units with simpls random sampling Is nct advantageous
stnce it does Dot take (nto acc ount the impartancé to be attached to
lazgay units in the population. (n such situations it becomes ut-
most Lmportant to select tho sampling waits with probability pro-
portiomitosize { PPS ). The PPS sampling makes use of
the avallable information o Bome auxillary chazactey. This
schems was initlally proposed by Haasen and Horwitz (1943 ).
Das (1951), Namin (1951), Horwits and Thompson (1952),
Lahizli (1981), Knidsuno (1952 ), Yates and Grundy (1983 ) ,
Des Raj (1956 ), Hartley and Rao (1962) , Rao, Hartley and
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Gochran (1962 ), Ranurav (1967 ), Durbin (1967 ), Samplord
{1962 ), Das and Mchanty (1973 ) and many others also developed
various methods for selection of sampling units w th varying pro-
babilities,

1n stratification, the population ig to be divided tato
etrata such thut within strata variation is as small as possible.
Dalenica ( 1950) a.ttempﬁd this problexni of detcrm&nlﬁs sptishum
ipointl o spratification on the asis of study m}(blm The methed
used by him was tterative (0 sature and requived the knswledge of
| certain paramseters which ave fuactions of b;ounﬂary points. D alenlus
acsd Gurasy (1951 ) suggosted tho use 'o!,t;iiorm‘lﬁoh»ad auxillary
character for the parpose of atraﬂﬂcaé;on. Tags ('téé? } abd
Siagh (1968 ) nlso cbtained paluts of stratification for the character
wmder stody based on auxiliavy character,

Further , the suitable use of agfifluy character at
the estimation stage also pesuliz in ed'nh!tnb!s reduction in
variance of the estirnate. The ratlo and regreasion methods of -/
estimatiot make use of anxillary character for obtaiaiog sstimates
of population paTamsteds. The ratio methed of estimation was
first itvroduced by Cochzan { 1940 ) whereas theorstical lmsis
of egression method of eatimatian was also fiest discussed by



Cochran (1942 ). Product methed of astimation was fizst pro-
posed by Murthy (1964 ). Sukhatme (1944 ), Quencullie (1956 ),
Robson (1987 ), oOlkin {1988 ), Goofman and Hawtley ( 1958 ),
‘Nansams , Murthy and Sotai (1989 ), Siagh (1963), 7.l.l.c

¢ {7 j e others made further contributicas to the thacry of

ratio , regression and prodact methoeds of estimation,

Of all the sampling procedures cossides lbov.\ » Dons
rovides any cofitrol ob sampling error which s ?17 impaunt
auspect of sampling. [0 the procedute under investigatios an
stiampt has beod made to use the ancillary iﬂur;nltloa for selocting

L-m” Ak & repressifative sample l.e. & sample !?;’ which relative exror
b sovewtul  of gample estimate from population parametsr is within gpecified

J\Zw %n.wvx )
MMLW‘%WS‘“'[ [t i» of importasice to atudy the probability that sample

woeds estimate for stdy character will gl2o differ from population para~
mater by specified margin of error. This has been investigated in
chapter ~ I and its behaviour has boen studied with yampio eing,
corrsiation coefficlent., coefficient of variation and margine of
error;, For the pracedure suggestsd in cbapm; -, the

inglusion probabllities for tadividu;:;:tnlu cnits have been w rked
omtin chapter- ill to got Horwita Thompoon estimater. Further ,
the sglection procedure has beon suitably modified providing nen-

Saro inclgel on probabilities for individual and patrwise anits .
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A sampling tochaique is defined as introducing contrel
iato tho selection of 0 ocut of N gampling oalts when it lncreases
tho probabilities nf selscticn for preferred samples and thus de~
creasss the probabilities for non preferred eamples. The objective
of caﬁtreuod solaction I8 to reduce the variances of estimates for
most of sampling techalques at & given cost. Coattpolled selection
io probability campling was first intyroduced by Gaod:'m.n and
Kigh (1950 ). Further, Avadhan! and Sukhathe (1968 ) end
{1966 ) proposed controlled simple nnd/q’;é sampling and its use

/
ia ratio and regression method of esﬁmt/l’on,

This concept of conwollodl salection ha‘a been used ia the
suggested procedure to provide larger probabllities of selectlon to
the representative samples as compared to the remaining samples.
The calculation of inclusicn probabilities and the estimation
peaceduro have also beed discuszed for the controlled selection.
The emperical lovestigations have been carrled out to atudy the
telative cificiencies of the suggested procedures with some
existing procedures.



2,1 Intreduction : The maln aim of sampling i general congists
i selecting a sample and than building an estimatar of the population
parameter, In practice it ls desirable that the esfimator so formed
should be within some preassigned margin of error from the corres-
poading paramster. Msdy times the nformation on all the units of the
population ls avallable for the auxillary cmaggé . bighly corvelated
with the character under study. The use of tiis ancillary information
o selecting ssmple whose mean s not different £rom the population
maan {op the acxiliary charactar beyond a spscified margin of exrror
has besn suggested In this chapter. mlwocdm of selecting such
sample has been explaloed with an example. The protability of
edtimating the population mean with desired margin of error has also
been worked out. The properties of this protability have been exa«
mledién respect of sample size, correlation cosflicient between
atudy and auxtliary vullbhsrgugm- of erzor. Some humericsl ‘
iIlustrations have also been given with different values of these |

rarameters.

2.2 The Suggested Procedure s  Suppose that the population under
stody consists of N dlstinctend ldentifiable ualts. let y, ead x,
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be the values of the study 20d auxillary charzactery for the |-th
uslt of the population. Furtter, let x bekaowafor all |,
(U= L,2,.000.0 N ). Then the suggested procadure consists of
the following staps @

Sep = I Selects simple random sample without replacemsnt

of size 2 frem the popalation of size N. |
SMp - : Celoulate (K-p )/ for 7,& selected asmple
808 fost Whethar (¥~ iy )/ Byl < 0 207 sothd presssigaad o, ,
whare ¥ and u_ are vetpeciively thn u;fp/pla mead aud population

mean for the charactesr x,. /

=Ip: U |(x- e )/ Pl L' * éah!{l thm“limph ';“h“-.-
wies preceed to  step - { Ior selection of anather sample tita
ssmple satisfylag |(X ~ py )/ Pglctx I8 obtalaed,

2.2.1 [lyetraiive Example: Suppose that we have & populatien
of sixe 6 with x valuas glved in the table below ,

8r. No. 1 2 3 4 86 &
z | :- Z 3 3 3 & ‘/

Buppose a sample of alse & is desired to be drawn
from the 13 possidie samplas of sise ¢ listed dofagrh u ‘"
is .03 then tho five samples which can bs salected aro at
82, Noe, 5,6,3,9and1l.
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Sampla No, , Sampla units 3 “E"&)/"xl
1 1,2,3,.¢ 3.00 <40
2 1, 2,3,8 2.00 20
3 ,2,3,6 2.25 .10
¢ 1,2.4,8 2. 25 .10
B 1,38,4,8 4.8Q « 00
6 1.3.8,6 2. B0 .00
7 1,3,4,5 2.25 .10
8 1.3,4.6 2,80 .Q0
$ 1,3,3,6 2.50 .00
10 1,4,8,6 2,75 .10
1 2,5,4,5 2.50 .00
12 z2,3,4,6 2. 78 10
13 2,3,8,b 21 / .10
16 ;.4. 5.6 3000 ! -30
18 3,4,8,6 3.00 ' .20

mEuwagys e et StReraRenld PRSP RRE,P RN E SR RG RS E RS Ss nR e a
i

2.3. Probability of of estimation ¢ Under this procedure

1t 15 of {ntarest to find the probability ¢ estimating the pomlation

mean for y Wwith the relative marglo of error e l.e.

PLIT - 0 mlaty| KE - w1/ o] = B ty]m)
where y ard By 2¥e respoctivaly the sample moan and the
population mean for character y. To calenlaga this probabillty
lotus assume that x aad y follow 2 bivariate acranl diotel-~
bution with cosfliclent of coryelation p. This joint probabllity

density functlon of ( K , y ) is givea by



10 -
- - m{ ~1 Q X-by g

= 0| m— (——)
f{x,vy) 3"0’ cv r—-‘l'F 2(1-93, x/r

cap ey (Ih ""‘3]

T

S/ﬁ '/r V’lﬂ

where ¢, W84 v, Aare the standard deviatiods for % and y

respactively.  The required probabliity is gen given by ©

f(F,7)dF ey

P(y|x) T t(X,7)ARdF

/
withthe limitd for T and vy s ma-';
i .

_ /
P,.(l--t;)sf&“g(-l**,,) and
py(l-.,)gir'sn,(*fh,)- 2
For evalwiing Ply %) we pt

Y Thy %y

7. s W With 47 = —% du and

,,/@ -, @

K- “‘

.......”..’.', = Vv with d¥x =. -~ dv. Thus we get ,

0 /18 &

38 1 (u,v)dv da
P L
(v|®) 5 f(a,v)dv ¢u
w5




o1l

1 -1

wheze £ u.;) " exp. (u3-29w+wa)}
( 3w [1-p2 [lei)

The Uimits for uv and v in the integral will be as under ,

U tate Lk ™
VAL

rgﬂi

.Q

- .-!llz— Lo < 'V“V
v /@ Wi

+
oy

The sbove prebabliity can be calculated if' 3 ’{ ¢

f s .Y .
o/ By 3y o'y'/ by = Gy and n%nknown. It may be
/
meationed hare that rdst of the parametors' suchas p and o,
are gensrally unknewn, But some gusss value of thase parameters
\
can always be known from the previcus deta on the same characteristics

or from the sample selected.

£

2.4 Numerical Illusteatien g “To séﬂy the behaviour of above
prodadlility with sample size , correlation cosffictens , the coefficltents
of variation and the maggin of errer , some emperical results have
been given below in tables 2.1 to 2.5. Tocalculats this wo'l;lbillty .

' Tablea for Statisticlins and Blometriclans ’. Part 2 by Pearson.
K .( Tables VIl and [X)have deen usad. These tables provide

the value of UESV f(u,v) dv du for positive p as well as negative f,
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Talsing use of these tablas,

A B
\ SS!(u.v)évdu b
with hs . Y, ana

(T]” S’“S"I(u.v) dv da '_Y/ﬁ

‘u By
k = hag been computed as described below :

5 /{8
The numsrater of P‘i’l‘) is given by

~n
—

fvfoz w,v)dvdn HS :(n.v)wa(

Fog

sj:( cv)dvda <58 (uLv) #au]
+ 2 ( same four integrals ﬂ& 9 mativ‘)

Simtlarly the denominater of the mnl;bd webnhmty y( is

=
given by [SS!(a.v)dvduf ;j t(n,v)&v:n’ )
.cggb((u.v) dvdu -_§°§L f{(u,v) dr &u,_l
+ 2 ( same four integrals with o ﬁ-gnﬁu ).
As tablss provide values of bivaviate lategralfor the yange af
hasd k from O # 2.§ ouly, thevalmsfor h and k (> 2.6)
have beea token at 2.6 ia the integration as a3 approsimatien’.
All probabllities have boen ryounded upte € digits for simplicity.
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Tables showing the value of tha probability for different
vales of o and p

Toble 21 ¢, ng_ = .01, ¢, 2c_ o 10

z, 0 ‘y ] ¥
h/p .5 ’ ] \6 c, Oa . 09 :
- - - G B P e B e A e e e 1 s b e
0y .3836  .378¢ QM8 .e768 7884
% -5041 05330 -5750 -6365‘ u?‘&e
64 , 6313 .6%80 . 6949 .T464 .8372

100 7319 .71544 L7832 8218 8778

A A R A A e A A O - o s g s e A s 0B e v o’
. t

Toable 2,2 ¢_o0 e, = .01, ¢ we, = .05/

B y B Y

n/p 58 06 ;7 aa / 09

.---.dm-’-.-p ..... F."—.“‘.m-,.-—(-“.,-.—."-ﬂ..‘

/

B 31 .b380  ,b949  .7abd4  .83Y3
36 8102  .BI8S  .847  .8T42 .M

64  .9133  .9205 .9228 .90l  .9E69
100 9679 9699 ~9721 . 9761 « 9815
------ T R o T g e A A A o S 2 S e et At o e s

Toblo 2,3 W ° IV s .08, ¢4 = cy .10

u/p .5 ¢6 .'7 18 .9
-..-...-.-------—--—-..-o--.--------"i--n,&o—----p---pur"'-‘
16 .B879 9699 .9721 . 9761 9813
36 LO00O LQOQO LODOD L0000 1.DOnR0
64 L0000 LOOGO LOO0O LOOOGH Logd0

130 LOGO0 LOOOC LOOOO L0000 L Oodo

’
Lo Dl L T I T S Y Y PR A T P SRy A S g Sy g v i ™
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Tablet 2.4" g = .0l, 4y =.08, c = c 9 .10

afp .8 NS .8 .9 L0

16 .980¢ .$886 . 9936 9986 1.0000 11.0000
% LOOOO LGOOG LAOOOOG 10000 LOOQC L4000
64 1.0000 1.0000 10000 10000 1L.0000 11,0000
100 L0000 LOOOO 1LO0GO LAOOOO L.O0O0OO L Q000

T TE kD Gk kS W WA W g O L S vaan YR A el Sl W W ek WS T P A vhew Gl e TR e Sl e,

Table ¢ 2.5 ’xucy_a .Qs.c'woya .08

afp .8 .6 A .8 .9 Lo

- S Pl W e W R AP T e s oy e TR A SV AP WSl S S -m-‘--‘ﬁ--ﬂ--“ ap daan o ape W S

16 1.0000 .0GOO 14000 19000 10000 1.G6000
% L0000 LOGGO 10000 19009 L0000 1.0000
64 10000 .000O 10000 10009 10008 1.0000
100 L0000 1.000O 10000 L00GS 1L.0000 1.0000

--&.-,.u..--?-—---.--u----Q-“.ﬁﬁ“..-o.--~tﬂnc—---“. - .

It is clear from the abave hbh?ﬂnuho ;!oli‘iblllty p(Vl x)
increases moaoctonically with increase of 0 the sample size ,
p the corsrelation coafficient , ‘" margin of errorfor y
and dacreases with lucresse of coefficlent of varlation and
t, the margia of ezrar for x . Further, itcan be o;pn that

for g, 'Y v .08 aRd 4 2.0, ¢ = .@S.Mﬁoblb!uw

4
Us of the order 1 butfor «, = ¢, = .Ol itis of high order s~ly-

for high carrelation or lagge a. Thus in practical situationy

with o, » " *,08 of ¢y = .01 , “ws® .03 and for known

Cyp o Sy o o and p the suggested procedure can he used

catisfactorily as the probability of estimation o the character under
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stndy withia givea margin of error is of bigh arder,

2,5 Bummarys [Ia this chapter , & mothod of utilising mulu?m
information, la easuring & representative sample, has beea
/augguud. The probabllity of estimating the mean of the character
+ uader study within the apecified margin of error has beea obtained
for the suggested procedure. It has been seen tiat this probabulty-
increases mototically with gampls siza , the covrelation coe‘uﬂl-
clent between study and auxiliary variablos and the 7irgln of
error for the study’ variable. It has also been cbsérved that
generally the probability of estimating tham?o! study character
is of high exder and thus the suggeated procedure can be used
satisfactorily. /



3.1 [otzoduction: Iachapter « I, the probability of estimating
the mean 6f the charsctey under study Wl th dgsived margin of
errox had besn worksd out for the selection procedure wfich
makes use of auxiliapy charadéter. It has beeo observed that

this probability (acreases with the increase of sample sine ,
correlation cosfilcient and margin of ervor for the study vaiti-
able. However, the sample msan is not unbiased for the
popalation mean under the suggestsd praccduu.’; s s thereforve ,
{mportant to suggest the estins tiod procedurs Which provides
uablased estimats of population mean along with uabiesed
variance estimator undey the selection pro’coduri" of chapter - II.
This has been attempted 12 this chapter. A For abtaining Horwits«
Thompson's estimates of population mean aad its variance the
koowiedge of w's for sll | aad 'U" forall { ¢ ] (s
required, the calculation of which'has lso been discussed. It
may be mentioned that some v'e or ru'l can be zero for
ceztaln popalation which imposes a restriction on the Suggested
estimation procedure. Therefore, ths procedure foz the selection
of the sampls has besn modified ensuring ncm sero n's and iru'a.
Further the concopt of coatrollsd selection has also been used

ta modifylag tho procedure to obtaln non sego w's and Iu'l.

The relative e!!lc{cncy of the suggested procedures has alao

been compared with a aumber of kagwn procedures emperically,
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3.2 REstimation Procedure : Lot M be tha sumbar of samples

out of Nc. possidble samplss which satisfy ¢ths condition
(ERS S VPR precedure suggested in chapter - IT.
Thea the probability of selecting a sample gut of thess M samples
/

, is givam by P. = I/M . Under this schame i3 s easy to see that
[ ]

L P = I
".SDL. M p

aed my v I Pt - (17 ’,//
where K, uenmmbuduu;pm out of 'M/j/‘lﬂag i-th '

. /
ualt and K, is the numbez of samples contalning doth (-thand
j-th units. Kmowigg the values of the ualts snd thele v 's and "'
the HorwitzsThompson estimale cnbo-n?"d for estimiting the

populagon mesn, % > O for all { , wo have

- : 1 n y"
%‘I T N ';._ v

The Yates -~ Grundy Jform of variance of adove astimator is

given by
~ 1 vN W Y o2 ,
V(Y ) - T H - —-—.J- {
HT NE % (% v 'U,(-sl 'j)

Also T v O fer all iy .§, the Yates-Grundy form
ef estimate of variance Is glven by |

A ”

vt‘?g,)-—-‘-zzz(—-’—ﬂ-)( -1)
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ey
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H a sslaction procedure provides. larger inclusion probability
for the digsimilar units and I w's are approximatsly of the same
adcr.th is expactod that the procedure would resuls.in considerable
gain (o efficleacy as compared to simple random sampliag, I the
suggestsd procedure the Mhﬁﬂ probabilities foy dualmll:;‘}rn

llpectld to be m‘. M S e A

as compired to simtilar unjts In
respect of suxiliary charactey which would result ia gala ln efficiency.

3.2,1 Illusgration:  For the sxample goasidered ia chapter. - 11,
with 0 w4 83d N 6 thege are (nall. § samples out of 15 samples
- /
satlafylog [(Z~u )/ Pels tge The w's anod -/'u'a for
\
different units are givea by '

/
/

1" I://".I'a- 3[5.113 =3/§.w"--3‘/5.'§'53 3/8.'65‘!‘/5
3 LA 3 '

Y S
2 3 2
1 2
2

2 o
2 L9
1

TRLL

MNoMMNe T
£ &

It may be remarked that if the distribution of = ls symmstsical
v's will be more or less equal for all the units. Also the 'l“- ‘t;r
the pitr of units whose mean lo closer to the population mean will be
mope than the cthor palr whose meann (s diffaret from the population

mead , a respect of Auxiliary character.



3.3 Modified Procedureg - For the saampling procédure
described in chapter -1, W oF T might be zero for soms
unit or palr of units which imposes a serious Nmitation on the
use of Morwits -Thompaoh estimates. To overcome this diffl-
culty the procedure has been :?u!lned for the solection of the
sampls. The modified sclection procedure congists of the

following steps .

{
{

Stap -1 ¢ Draw a azpds raadom sample withoeut i: ernant

{ SWOFRR ) of size (a -~ 3) from the Yopulation of size N by
’ /

the selection procedure glvea in chapter ~ II. /

/

/
Step.=llt Supplemsat the above sample by 2 waits drawn
by SRSWOR from the semalning ( N -~4/¢2) units of the
Wﬁuno

Now if M' (s tho number of gamplos of size

(a-2) outof N“'(n-z) -passible samples which satiaty

3

[(E* = m )/ velq ey + Wheze ¥ (s the mean Based on

{(n~2) ualts then w'2 and vu'n will be given by

K’ :4 ,
wos —be (1 —L ) 4 oma
t { ] |}
M M Man¢td
' ‘. ] U ' el
I M Neat2 M 7 i-an) (N-arz)



whege K; ls the sumber of samples autof M' whichcontaln
t~th unit and K‘; is the numbes of nmg!ea containiog both
~th ‘and j-thunlts. Usling thése w's and vds which are noa
gsaro , estimatas of the population mean and it varlance can ho

obtained by the formulao given in section 3.2, S Avmi eanny sl i
Procedaimary b Rl gued for- Y/ pa) < s
3.3,1 Jllusgration: Againfor the exampls considered in chapter-It,

the m's aad wjs for aa 2 are as under , ,

| 3

‘ 7
m = 1/8 , ty = 2/8 , 1r3=3/5.v‘u aﬂ,vaa 3/?4 1!'6-:31/5
SR 7 FUR /
0 o] ’
Q

1<y

%

oy
Q™ N,

ﬁ"u = 1/8

e ¥ Ne N Ralhl
M.r*w o -

7

Also for the modified aelection precedure for o = 4,ny's  pnd

S

‘s are given by

-

ﬂlﬂ 6/10 '] 'zg 7/10 .V3a 7/1@‘ ‘tf‘a 1/10.’5 Q»Q/IQQ

“56 £ 6/10
Lh = 3 Y- LY é /1
1 n 1 1 10 |
13 14 14 n |2
¥y © 330 | 4 1 un (1<)
13 1 Jy
nls
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3.4 Controlled Selection Progedure s I8 the selection procedure

suggested (nchapter - IT , @ gample is aelected I It satisfles
(g ) 7 el g otherwise it s rejected. ‘This esseatlally
implles that the sample space of SREWOR i¢ divided iato two
w;o. the first of conslatiog of prdufed samples for Whif:'h 7
I(F-uy )/ | ex 84 the second consisting of non preferred
samples for which |[(¥ ~ pg) / 8,| ¢, - The non preferred
aamples have & Sero probabilltf:oi selection under ﬂ:elﬁx;ocedur‘e
suggested in chapter-If which results somatmes (o n;";ﬁ or
vy= 0. The non-preferred samples can be aaalgnéd non-gero
probabllity of selection ( however small ) which will provtda
ast sero laclustian probabilities for all units ax,a?/;ntra of unt;s.
The coatrolled selection procedure for desired control say o

conslsts of the following steps ¢

1

§tep J: Drawa sample of sise 0 by BSRIWOR from the

population of size N.
Sfep IL: Test whother [(x - be) /Py oy forgven o

Step ML () U (¥ -1 )/ py|< ¢ + performa Bernculli trial
with probability of success P; . for selecting the sample and

() o [(F-4 )/ py|yeg performa Beraculll trial with
’ ofherwsae %o G Step L
probability.of success P, for gelectlag the sample, A The

valwas of P, and P, are detesmined from the equations,

1 2
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P, = o/Mad P, = (1-a)/(Ve, = M ). Generally

1
Py 1o assigned » very small value o6d P, 19 determined by

the relation MPli'( Ren- M)Psil,.

¢ Under the schems of controlisd aelection w'e sad

wu'o can bo gbtalned by the formiilae

. N A
Wlﬂ'?! H‘ "pz( cﬂ"! "K!) ahd

}N‘a t

/

Kaowlng w's snd w,'s for all individual unlts al;ﬂ’{:tr of

!

uolts, Horwits-Thompson estimates of mean and,éurrnpondlng
' /

variance can be cbtalned by the formulas given losestion 3.3.
\

3.4.1 [llustration : Tor the example cousldered (n chapter -1t
for N a6 , B a4, and pecfining P, = .00l we get

Pl e .198. Thus m'e and vu'o are given by

v o .798 , ¥y © 601, v s 6ol , LR 401, Ty @ .bﬂl.vba.?%.

LU 3 Y s :
. ‘00 L ‘00 . ‘oo . ‘Oo . ?94

I
.203 ,400 .400 .400 {» . -
“’un 400 ‘Hoo 400 |: 1<) /
L 400 Jg

3.5 Efficioncy : Inanattempt to compare tho suggested
procedure with some existing procedures five hypothetical papulati sag
have been cangldered, The populations have correlation coefficiont

ranging from .64 to .95 and arve proseated in ftable 3.1
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Table 3.1 Table . ghowing fivo hypothstical populations
with diffexengtvalues of 0. .. coocecancoce

Population

UaltNo. p=.9863 .6703 .8431 .7441 .644l
1 ¢4 id 4 v v

-------- Y T T YT T Y Y TI Iy T e ey sy p Y Y 2 2 BT L X L

X X Y ¥ Y X ¥

1 1/ 1
2 /2
3/ 3
4 3

/15 3

6 3

!
Y L R T R LR LA T X L o 2 L X L 1 L A 2 2 2 T F X T L 2 ’.ﬂ‘.-ﬂ-----

\

A natural population presented 4o table 3.2 has

W Wby D
N e e
Cmad e~ M

@ W W N
3 0 O

1
1
1
]
2

also been coasidered for comparison, It has beeca taken from

' Annals of Mathematical Statietica , 13, 179-200 ' and 1s

based on estimation of volume of timber stands by strip sampliag.
x o here in 10 chain udits and represents blogkwise sum of
strip lengths whils ¢ s o 1000 ét-board measurement units

aod yepresonts blockwise sum of timbey b valumes,

Table 3.2 Table showing aatural populatian { p = _.917)

Unit No. X Y Unlt No. X Y
1 180 8731 ) 140 8622
2 142 6786 7 81 3677
3 76 1786 8 91 4368
4 104 2428 - 9 91 7519
8 109 4688 10 n7 3861
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For esch popalation the varlance for the estimate based ¢a saznple sise
4 hawe beed worked out for varisus procedures sad pesults are pysseadsd in
Tble 3.3. The procedures codsidered far comparison aze the follawiog s
) ~ Horwlis-Theompaod estizate {0 the suggested wocedurs { 1;0.05 )
2, Hozwits-Thempeod estimate 1o modifisd pracedure (e, &. 08 )
%, BT’ estimate {3 contyolled selection procedurs (e, =.03 , Py ».G01)
& Simpls mean (1 SREWQR

8, Usaal estimate o PRSWR | ./
6,  Regressien estimate ia SRSWOR /’/
Teble 3.3 Table showiag the variaaces of diffevent pracedures
Prece- BORUIATION -
dure t ¢+ m w v Natural

..‘-“-w--u-““-.ﬂ“.ﬂ-ﬁbmwﬁo-—-i—n-..-:-bcc-p*,’u-ud“‘-‘ﬁv—ﬁﬂﬂd‘-

(1) .0000 .0069 .0000 .0069 .O@Y 'B74334.838

(2) .088 .0007 ,0278 .000d .0OS56 1364083.847

i 2 ; L0007 .0037 .0003 .00W .0l9d 329950.150
4) .0067 .0280 .033% .023 .0B88% 780200.000

! 8 ; .0400 .O273 .N30 .0440 .1320 1341313.780
6) .0087 .0061 .00Q93 .0l03 .0M1 124100.000

1
.,..--?.‘-” ----- L g T e g Y R e

Nething should be ccuclnded with codtsinty from these vasulis
#as thess ive emparical compariscas ealy. Iowevar, itcan besend
that H. 7. estimite nadet the suggestod procedure of chapter <l provides
gederaily more sfficieny vesults then usuzl sstimates of ERSWOR and
PPEWR sampling precedures. ‘The suggested pwocedures are also com-
pititive with regresslon estimate ta many sitmiiess.
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3.6 Summary 1o thio chapter, . estimation woce:iure has
been ;lnggcltéd which provides wablased estimate of populatioh moan
along with unbiased variaace estimator, udder the selsction procedure
¢f chapter-ll. But uader this procedure o or "U may bs sero
forsome { or t§ j, thereforo the procedure has been modified
to provide Ron Bero i:oohablui!en of ingtasian for all ¢he units and

pair of units. Further the concept of controlled aol,ctlon hap been
used to provide hou cexo probadbllides of taclusion. 4(1! theso
procedures have begn compared with same of tha/emmn rrocedures

emper!ciuy gkd the Pesultc have bean fouad to be highly satinfactory.

#
\

1

/ {



BUMMARY

It 18 well known that ancillary (nformation helpe in obtalning
efficlent results i estimation of population payameter as mean etc,
A gamber of procedures based on ancillary information have been
‘developed but one provides control on sampling epror which is an
very Lmportant auspact Lo sampling. [a thie dissertation, a
selection procedure has been suggested which makes use of
aacillary information to engure the sdlectian of a representative
aample, i.e. , a sample for vhlcl_: relative margw;é error of
samplo estimate from popalation parameter {1 wtjﬁm epecified
margin, Further, tho probability that sample edfﬁmata for study
character will also differ fyom population w/;ﬂ;ietcr by\c specified
margia of error bas Deen caloulated, for dl&fe_rqm nngel: &f sample-,
size , correlation cenificlont betyeen study and auxilisry virlab!en.
marglasof errors sad coofficients of variation. This probability
le generally of bigh order aml thus the gugﬁesmd procédure can be

used satisfactorily I racst of practical situations.

To abtain Horwlis ~Thompson's estimatesaf mean and
variance methad of cal¢ulatiog v, 's .and "tj" for the suggested
procedure has also baen given, [acase " e O or Yy =0
for soms unit or gair of unlts, the selection procedure and method

of computidg u’s aad 'U.' for all the units have been modified,
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The controlled selsction procedure 29 modification of the
suggested procedure has been given and ths method of obtainlag
v 's and "y based oo contzolied salection has sl so been
discussed. Some theoretical and oatural populrticnshave also
been conaldered to compare the suggestsd schemes with existing
procsdures ermperically. Tha suggested schemes have been
found to bs highly satisfactorl - (n all the situatigas.
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