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CHAPUR •1 

poea• speed • geatu eccunc:y aDd leaau coat ls well •ecoa-

Dlacd, 'the elemellt ~ poup cl elem.enu oA which ll2fOJmatloD 

caA bO tabA la k.llOWil u tle • eampllAg ~JDlt •. The 8I'OUP of 

IJillts opaclfled by tho objectJ.vea af aUI'Vey la •etened to ~ 
' • I 

' popubtloD 1 .(A popaJatlcn bavlAg ~#/Aumbel' of unitll .ls 

callod 1 fUll to 1 BAd a popnlntldl bavlQg w¥oG!ltable Dambe~ of 
' ' ' 

aiUts ls CAlled 1 Ul.flnlta • • ID eampliAs • w gGileaoaUy deal 

~"' ~ with ll!Ute -popalatloaa alld dezolvo &PPl'Olll.matloDS 'lor infiAlte 
I , I .. !L'-'-'-k p err---"' • 
:::._ ~ ~ l)Opulatioaa. 

~.):..A_~ 

~'~;:._.~. 

<:aUed a • sample 1 aJid the ~ocua of aelectloll la called 

1 aampliAg 1 • A • •e~81Jcntatlve aa,mple 1 ls tbat aamp1e which 

baa cburac:t,el'latlca al.m\lu to that of tbe po~tlon. ~ampJlAg 

is aald to be 1 wlth nplacemeu.t • II the .Wt OI'Ce selected La , 

tePlacod bac:k lAto the populatloA fa futhel' a election aA4 • without 

replacement' ll the .Wt Ollee selected la Aot glvea the ch•ace cf 

fuihu aelec:tLoA LA the aa.mple. Tbe 'PifOCed~ of aelectf.Ag ihe 

sample UDlt by lllllt 1.8 kll~ aa 1 aampliAg scheme '· 'l11e aet of 

all paealble samplea le called • sample apace 1 • The sample 



• 2 -

-the 1 aampll.na 4ealgo 1 • A sampUDg scheme glve. wlao to a 

sasnpli.Gg deslgD. ll.a_ \-lu>~ ~ v-t.' ...... .&:'-1 l-4v--~ ~~ ~<>~VL_ 
""'""' "\:N.... ~ VM..- <"'-~ ~ ~ ~ ~ 4 ~ 'E.J;;...,J;~ f'~. 

Let y be the chanct8w 4ef1De4 Oil the popqlatloD whlch 

takeS value yl '"" L.oth ~t of the popl]ation. Ally fGilctloA of 

populatloD valQIIIS la tenned aa the 1 pa.n.me~ • • •jj;o c,-:- res· 
I 

I 
pc-~ fiJletioD baaed CIA sample values .la, ~GWA at ' eetl.matol' '. 

I 

Tho JUt~c:Qla• value whlch the estlmA~.takes Ls called the 
I 

• estimate 1. A sampliDg dealgo toptb.e~· with ao utlmatloD po· 

ceduze La teftDec1ae 1 sampllag stl'ategy 1• 

II I)U:u.l;:'t;c.- ~ ~.h~ ~ of, ...&.J:-1 ik ~ ~ 

~ 'Collectlog lQf~tloG oD selected Ulllts of the pop• 

enamentioD 01' 'cODa WI '. A sample suney holpe LA deepe• 

sclelitlllc I.DveatigatlOil of a populatloQwlth Umltad tniAed staff. 

1t also povt4es the meui#S of •••"" I.Gvolved LA eatlmatlDIJ 

populatloA puamo~• such aa meaD etc. The c:eDa'l'lll la .,_ed ~ell 

DoD eampllDg encas an Got laJrge aDd 4etallec! break up for ema• 

Ueat a4,D11Alstl'atlve unlt La a-equl•ed. 



. I. 

conela~ 'Grl8l the ltudy chuacter l• available ft11t an the QD1w of 

the popa1atloD. Such a chancter La called ·, amdllary chutu:tel' 1 

atld the IDfonnatlOil baaed oQ Lt the 1 aDclllal'y lAfotmatlaD ·~ Such 

IDfOI'rl18tloD ~ u.ed fa obtalQL.Qg effLclent ~• ill ettlmatloA of 

'popalatlolimeaA'"OI' totaL The auclllal'y Lafot~oa cao be made 
I 

use of elthel' fo. lelectLOII of sampliAg ual~ ffem the populatloD aa 
I' 

LA PPB aampli.Dg 0'11 tOI' stntllicatlOA of ..the ialllte LA the popaiat\oQ 

f# for ntio &ad MJI'dllbll methods of ~•tLmatieA. 

I 
When the 1111lt8 vat'y c~lderably LA alae, the •electloD 

~ aampllAg \Ulltl wlth •lmple I'BDdem •ampUngla Qot actV&Atageous 

•LAco Ltdoe~ Aot tab LAtoaccCJQiltthe =~e to be attached to 

lugQ aolu LA the populatl'oQ. CD •uch lltaatiOiie lt become• at• 

molt lmpol'1allt to nlect1bo aampllAi _..,tl wltb Ptobabllity po

poftioD&l to alae ( PPS ) • The PPS aampliAg malta u.e of 

the a-vallable LGfOI'IIl&tlo'Q oil aome aasLlial'y chancte~r. Tbl• 

lcbema wu illltl&Uy pS'oPeeed by H.-en &Del HOI'Wltz ( 1943 ). 

Daa ( 1951 ) , Naalla ( l9!il ) , HOI'Wltl &Del Thomp~~Oil ( 1961 ) , 

Lahb-1 ( 1951 ) , ltlclaaAo ( 19SZ ) , Yatea alliS GI'U.Ddy ( 1953 ) , 

Det B.aj ( 19!16 ) • Hutley &Ad B.&o ( 1961 ) , aao , ~~Utley &Del 



CociiPA ( 196.1 ) , HP.aav ( 1961 ) , D•bi.D ( 196? ) , SamJlfoftl 

( 1961), Du ucl Mohaatv ( 1973 ) ancS m&Dy othen at.o developtc! 

V&l'iOill metholl• ffl"l eelec:tloa of tainpllDI UJ&Ltll w th vuyLa1 pJ'O• 

bPU1~··· 

tD etat\flcatl~A the population le to be 4lvl4ecJ llltb 

atnta euch that wlthlQ avata vuiatloa l• u emaU at poeelble. 
~ ~ I 

DaleDLu ( 1950 ) attemPt*' thll poblem ohto~R.& optimum 

. poiDtl tJf et:Jratilic&tldll 00. the baa!.J of etolf.,....Jf~a. "1'be method 

111ed by b1m wall ltentlve (a ~~at=o·&Dd nqu{hl! the. 'knbwle4p of 

' 
cel'talll puameteia which ai'e fual;tlo~~~a of b~GJ!y points. D aleDLu 

I ' 

aad 0\'&Pfly ( 1951) •naaolted the ue 'of}Afoi'JIII,tl~·oa aaxllLvy 
I • 

chuacte:w folr the JIIU'l'OIO of sb'atlflca.tica. ~ (196? ) alld' 

SlAp ( 1968 ) also ob1alaed pobltl t1. etn.tlilcaiLoll fo:r tll8 chuacter 

uutu ttu4y baaed oa auxlllawy chanctll~r. 

FuaotUI' , - •1lltable u.se cl auaill.uy 4::huactel' at 
> ' 

~ ettt.m&t;loll •.tap. at.~ lreaQtt. 1.11 aC~A~bleftbte •e4uctt.on LD 
' 

V&l'laDco of the .. ti.mate. The l'atlo and npeaaioQ methoda of ' 

•tlmatloll JD&ke uae of &!J3Cllluy chUacitew fia obt1dahts eeti.mate• 

cl population 11P&metcf8. 1fhe ntlo metlio4 of e»tirnatloD wu 

lint llltt'odac .. by Coclur&A ( 1940) wbai'.U tbtOJ>etl.callaala 

of l'epualoD mathcld of utlmatlcti ..,... &lao hr•t 'dlllcuased by 



I 

-s. 

CC!I:Uaa ( I 'HI ) • hQI!oct methad of utlmatlotl 'WU fiat -po• 

po~tecl by Marthy ( l9U). Sulrhatme ( l'Hf) • QuMoalll.e ( 1956 ) , 

Ro'MOil ( 1951 ) 1 ()!kiD ( 1958 ) 1 GoCiltmaD &Ad HDt1ey ( 1958 ) , 

l'itU-.ma • Murthy &ad SotbL ( 1959 ) , SlDp ( 1961 ) .. ;. •. : ;, :,. r 

1 { ·.-..~., ; aa5 mhen made luthu c:ootwlllatl.oaa to the theC'IJ of 

ntlc , npeaaloat aoil pro4~t 11!8thcda of utlmatl.OO. 

\ 

Of all tM aampU4s -poceduna c-.w;j abcve , aooa 
pr""tda &llf coAtwol ca atmplioaenor which La 'ft lmPOI'taAt 

/ 
••peat of aUDpli.Qa. tA tile Ptocedute aM.• ~tlaatloO u 

I 

&ttam'Pt baa beeA made to •• the ucWuy I.DformatloA for aelectlAa 

[ ~~li'<M a np"'eatatlve eample l.e. a aample f~'wblch ~Ja~v• enC!I' 

~ ~ f:4 ttmpltt utlmatefl'om populatioD pan.metu La wLthla fpecllled 
""-~~ ' 

~ ""'- ._...,_~rtJU,.ut..[u La of lmpo:rt&Qce to atady the~ s-o!ablllty that eampJe 

~· 

me-. bv apeci!Led muJiD d. en~. 'ltll.a bu bed \Aftqipt.cl lo 

cbaPfiQ • ti aad ltl beh&vLCIIl• baa heeD atarlled witb •&DJPi• eLae. 

OC2S'MJ&tlGil Ccefflcle4t 't coelflcletlt of V&l'latlOII aJid m&l'altlll of ! 

eftGI"o FGI' tM pa'acedan StllJpeted lD c:baptei> • 1I 1 the 
~ 

i.Dcblllo&l pobabllltleafcso lodlva.lual palnrlae GJII.ta !lave laMA • l'lml 
" 

aaUn cbaptel'• Ill to set UGZ'Witll 'ftlompstlll eatlxnatol'. Fvtlal' , 

tt. aolectloD proceclun hat btOD aaltably DSGdllied pra\fldlDg aca

suo Ladueloll s-obablUtlel lor iAdlvtc!ual &041 pali'Wiee QDita • 
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A lampllDa tJSChAlque le deflned u Ul~o4U~:tl.og coa.ti'Gl 

Lato tho "b:tlOil of sa oat of N umpll.lls allltlt whtll Lt lncl'euee · 

the probabilltle.' nf aelectloa f~ PHfund eamplel aad thu de • 

cl'euee tbe pJ'obablUtles t~ DoQ pnfeft'eit eamplca. ·n. objective 

of c~oUeil nlectlGilla to reduce the vula.Gcea cl. eatlmatel iol' 

moat of eampliBJ tec:hlllqaa at a slven ·coat. CCJQtroUed eelectloa 

ln psoobablUty c&mpUBi 'l1il'a8 flnt lntl'oduce4 by GoodmaD aDd . ' . 
Kteh ( 1950 ) • Fartbla I', AvadbaAt aDd Sukha~ ( 1965 ) .,ad 

( 1966 ) p:ropoliled calltl'olled simple •and!'¢ aampllns &Ad Ltll u .. 
I 

ID ntlo a.ad npeaelGil method of eatlmatlOn, 
I 

Th1• coDCept of coatvolled .eelectloD hu beea. uaed lD the 
I 

euggutad pracehn to twovlde lu~l' probablUtlee of eelectloa to 

the npruentative 88mp!oa u compued to the eemaiJai.Di eamplu. 

Tb calcuJatloD of lDclu8loQ p!'cbabi.Ut\ee aDd the eetimatloD 

'the empeJ>lcal I.Avea~ptloQS have beu canle4 out to atul!y the 

relative efllcleliClu d the eogguted pocedQJ'U wlth eome 

ezlstiAa p:rcced aru. 



CHAP'I'Ell • D 

JlSII or ANqiUMY INFQRMA'ftQN U'f @fSVRINQ 
A 85PllERI'iTA7'ID SAMPI.g 

'l!le malA alm ofaampUAg lA ge4enl coa.lata 

ll:a aelectlDJ a aample add theG bulldlll; aa •tlmataJt of the popaJatloD 

fU&m8tel'. Ill practlcelt ll ctealnbll that the .. tlmatol' eo fdmad 

abouh! be wlthlA ao:me pnaaatgoed IJIU'BlD of enolt floom the cone• • 

poQd\Qg puanwtel'. Mally tlmea the I.GfOl'm&tloq. 011 aU the Ulllta of the 
' 

populatloD ll avallable 101' the awdllal'f cbuac._., , hlgbly cOl'nlatact 
' 

wltb the cbanc:te" ••• •ttldt. The UM 11 tKll aaclllal'y laformatlOil 

11:a .. lectlAg aample whoa• meaa ll AOt dlfle1!'4tllt &om the populatloD 

•am~ baa bleA aplalA:IIId With u ••aml)le. The pnbablltty of 

.. tlmatlAJ tt- popalatloG mea A wltb deall'ad mugiA of Ul'Ol' hal alao 

bleA WOl'bd out. The propel'tlea tJl thll probablllty llaV~t beeA ex&• 

mlntJitJA ••pect tJl aample 1ll1, conelatlOil coefflcleAt bltwNA 
.v....k 

•tudy aJII!l awdllll'f •ulablla,_ mug\Qa of el'l'Ol'. Some Aumerical 

lUuatntloDI baft alao been g\veA wltb dWneAt value a of tbne 

z. z "l'he Sgsseat!d p,qcef!J!! , 

' 
ltudy coa.lata of N dlltlDCt add ldeAtlfl&ble Ulllta. !At y

1 
aDd xt 
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be tbe m•• of thl atady ..-! aaa:lllPy cia~ tan,.,. tt. l•th 

celt of t,Jl• populatloa. I'G'et.l' , let Jt be kaowa t.- aU l • 

( l • t.a ••••••• N ). Tlae4 e. •••..S l!l'ocedan c ... tata of 

0. foUGWlat •tapa : 

~aLae a bam the popdatloa cf alae N. 

- I btl - q : Calc'liJatlt ( •• "-.)I~ , .. r hltctad. ,ND1~ 

- I I ud itlt ... thu \{ • - .... , Pal~ t. fo» ·~ preaa•IJ•d ••• 

whl2e i &1111 "• ue htPactlMly tba u,tiple moao &Od poJ1111atloa 
I . 

mftD. to .. tt. chuac:tai" •· · I 

IJ!p •IU: U 1 { i' • t'a) I Pal{.. '• • ~ ... lD thlt\l&mpt. • other-
..... • 1 I , · 

I I ' 

wl• }Weceetl to atap • t ld aellictloD. of &Ailtllel' .ample tili a 
' 

Iampl• •atttfvt•a l(.i'- 11x) I Pxl!..'• l• obtablec.4. 
' ' ' 

a. ~.1 IUwtgtlu liaamplt t luppon tbat we !alt..,. a po}Uiatloa 
• ' ~ l 

f!4 alae 6 wltb a ~luaa a\Ytlllla tt.· taltta btlow • 
' 

tr. Net~ l a I • 15 6 

• l . z a. ' I • • 

kppeat & a&mple .of~· 4 la 4ulnd to lll! 4r&WA 
' 

' fi'C)tn the 15 PM•ll»le aam.,ta1 Iii al.. • lletld ~ u '• 
la • OS thell then ... ••~Dl*• 'Which Call be ••l•ted uo at 

St. N.. 50 60 8.9 &Ad 11. 

I 
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&. S. P•obafai.Uty d. of estlmatloa : UDdu thla ,pocedue 

' 

Pll<f-,.,).J "r\6.•y\ \(i'-lix )/l's:\~•J a~ CYja) 

wbuo ; aAd "r an l'CIIpectlvely the eample mQaD uti tbo 

!1$Pillatloa mean fal' cbll~telt y. To calculqa tblS probabtllty 

lot us assume that • aad y foUow a blval'l.llte ~~ dlllul• 

butl011 With coefftcteat of eonelatlOil p. 'J.'hls jolllt J~robablllty 

- -deDalty lGIJc .. OD d ( B 1 'f ) l• glveD by : 



.. to-

[ 
.-1 ( ..... I 

up. t ( } 
&( 1- ,., ) ~,_t.fi 

whue r a aDd r 
1 

••• the •taDd•P devl&tloOt fat .ti aod y 

Nlptctl.,.lY· ~ l'equlNd 'PJ'Ol:lablllty lt .-llslven by: 

H l(.i.y) tUidy 
~ "!.,~~...._ ______ _ 

~ 5 f '( ... f) d i' d ' 

I ··-·! I 

Pa(t -·~,~·~..._(.1 .. • .. > 

.. , ('1- .,, ~ '~ .. ., (1+-,) • 

.. ., 
wtth cl f ., - du aDd 

' .{ii" 

...... 
v wlth 4 i' .. ' 

.. .. 
• c'lv • 

... t.ra ..}A 

i?.-. f ( u • v , dv du 

p( Yl•) • ., 
S. 5 t ( u. , , ) t! v du ....... 

Tblll we set , 



-u-

• Jl "'• 

. "' • 1 Y ~u~ 
rr /.fi 
' 

- l 
up. [ 

a (1. •') 

., 
I I 

. 

(u1-ip uv+~a )J 

The a'bon pobablUty caA 'be ca!culated'u·i~ •a • •v • 

•all':. • c• , "y/ ~, • c,. Ud n j ue kAowA. It may be 
I 

meQtloDed hue that lildlt of the J*l'&me,en' auch as p aDI1 c1 

en genuaUy uDk.GoWD. But aome g .. •• value ofibale pnmetlll'l 
' \ 

c:aA alwaye be ~csWA IJ'om tbe l&'evloua data Oil the aam. chal-.ctulatlce 

• &om the aample aelec.tlld. 
~ 
~ 

&. • NumeJ'lcal IUuatJ&tlOQ a- ··To a~y the bebavWU at above 

probablUty with aample llae, cnuelatlon coafflclellt •·. coafflcleau 

of vulatlon aDC1 tha magiA of eJ'I'OJ' , lome empewlc&ll'dalta bave 
o I 

'been glftA belcnr ln tabla l,l to 1.5. To calcalatll thla )ll'obablUty , 

' T&blel lol' Statllt\CI.Pa ud Blometl'lci.&Aa 1, P&l't l by Pauao&l. 

K ,( T&blel V1U Ud 1X) haW heeD QHd • Thete tabllla povlde 

the value of f~ I (· a , v ) .d v du lol' poJltlve p as weU aa aegatlve P 
~~ .. 
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' • -I,-... ' < < . <.,,., 1rc·a.•"'J• •• Wltla h • 
\' ~.,lfi 

k • 
..... 
. •.lJi 

'fJie aume•tu of p . I la. slv•o by 
(' . ) ' 

• Lss,, .. ... , ...... rr , c.~., 4v•" 
oV 9-V.. Jj 

• Sf I ( u, y} cl Y d 11 • Sf f ( u, Y) ~ ••] 
hO Oil>.. 1 ' 

+ 1 ( • .,. te.~ lat~~ans. ,;..th , DeJ&~J) • 
I 

llmtluly the denrJNtelt of 'tke nq~~ P'l'lllNalal~ty '< Y/• ) S. 
r DD..o , oO ~ 

,,,_.-.., ILSSI(a., Y)dvda + IS f(a, Y) dyda 
t I) 00 ~ 

r
~ ~~ 

• ~ I ( v. , • ) d v 4 v. .. ~ S I ( a. , v ) d• tv..} 
o(7 0 _.,. v.. 

+ & ( ..._. fOIU tatea~alt 1ll th , neaatl•• ) • 

M taJM• JI'.W• valau Ql blTUlate tato&l'&l , .. die ·•~• Ill 

h ud k fum 0 Co l.t. OQly. tM-.al•afo.t )& ut k '( / 2.6) 

II&Ye bt• •~•n at 2.6 ta the l.lltea:rat.ea a. a. &PJIII'ealmatl-"/• 

All P'•11allllltlea .... lteea weallllld a.Jit;e 4 dtaltll tu_ .. tmpllctty. 
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Tables ahowlns tht valas of tho p:robabtUty f~ dlffcl'ont 

va1\l3s cf A oDd· p 

'o/p .s ' •; ~6 ·" .a ' .9 . ·----------------..... ·-----------------------;_._. •. 
16 .S!U6 .3784 ;ae .4765 ,?884 
36 .5047 .5330 • 1'7!10 .6365· .. '7986 
64 ,6313 .6580 .6949 .7464 .8i7l 
100 .'1319 .'7544 • vasa. .8115 .ane 
---.----.. ·-··-.... -------------.... ------·-·------·,4 
Table a. a I •••• , ... ot, ca .. c, .. .o&/ 

' 

A/p .s. .6 .1 .a I .9 ··--··---.. --.... -----~----":"-....... :--·-;----.... ------·-i 
I 

lb .uu .uao .b949 .74fl4 .an, 
36 .8101 .8185 .8476 .S?f! .9U6 
64 .9135 .9205 .9t28 .,401 -9¥~ 
100 .9679· .9699 .• 97!1 .9761 .9815 

------··-------------·---·--------------.,.-· 
TDhlo a.s '• ... , o .os. c. o c

1 
... to 

0/p .5 .6 .·1 .s .9 

------·--------------------------------~~----··---·---·' 
16 .9679 ·9699 .9721 .9761 • 98l!f 
36 1.0000 l.OOQO 1.0000 1.0000 1.oo0o 
64 1.0000 1.0000 ·LOOOO t.oooo l.oooo 
100 1.0000 1.oooo 1.0000 1.0000 1.oo00 

-·------·------·---·---------·-------------...... .;---~ 



' Table a a • .a •a o .ol •• ,. o. oil. ca ... o
1 

• .to 

D/p .5 .6 ·' .a .9 LO ·------------------------.------------- _...,._ 
16 • 980f • 9886 • 9936 • 99JJ6 1. 0000 1. 0000 
36 L 0000 L 0000 L 0000 l. 0000 L 0000 L 0000 
6f L 0000 1. 0000 L 0000 L 0000 l. 0000 1, 0000 

100 L 0000 L 0000 l. 0000 L 0000 L 0000 L 0000 ·------------ ------------- .... -------------
'l'&bl•: z. 5 .•a "' .,. 0 • 05. ; • o,."' • 0!3 

.6 ·' .a t.o 

----~-----~---·-·-·------~---·-----------. I 
16 1. 0000 L 0000 L 0000 L 0000 \:0000 1. 0000 
36 L QOOO L 0000 L 0000 L 0000 .t. 0000 1. 0000 
64 L oooo 1. oooo 1. oooo 1. oooq 1. oooo 1. oooo 

100 L 0000 1. 0000 L 0000 t: 0000 1. 0000 1. 0000 
' J 

----~---~----------·-·---------·-----------

It la cku bom the aben tabla\,that the pr~lUty P( / ) , . ya 

lAcnuu moaotoalC:ally wl~ IJic~ae af a die atamp211 alae • 

p tU cOl'nJatloa coefflcleAt , 1 muglG d. awor fow y ., 
ud decweuea wtth lzacn .. e d. coefflcleAt d. varl.atsoa ~d 

•a tblll mugla of uwa. fel' a • I'Jll'thue lt caD be •!I" tbat 

liD •a. •, • .os &Ad •a•·Ol, •.v • • as tbepiobablUty 

Le d. the ordu 1 butlow •a • 'y • • 01 lt lt d. high Ol'C!u P~ 

lorlllsh COl'~latloD or laWge a. 'l'tlu lG pn.ctkal altnatloaJ> 

wlth '• • •, •. o5 ow •a • .01 • , 1 • • os aDd f01' kaowa 

c1 • ca • a ud p the IUIJ••ted pa"acedun ~aa be ued 

eattlfactorily •• tbl probablUty of .. tlmatlOll d the ch&l'acter uadu 
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.. 
().lz.. 

a. B SQJT!mau • ta tJU cbaPf't~ • a method of utlU•taa aael'l"' 

taf~Wm&ttoa. 1.& ... uiAg a npaoe1eDtattve •ample, ba1 bna 

•uueatlld. The pl'ObablUty ~ eatlmattaag the me•Q of the cbanctu 
I 

' ~- •tady wtthlA the lplelflec! ma&-slD of a~t"A" hu beea obtal~~ed 

fo~ tbe •uss••ted pl'oc:edue. tt baa beeo '"o e.t dlll pl'obablllty 

IDe~euu motlotlcally,*lr\th eampla 1\le , $..it coHOlat\OD caeffl· 
I 

cleat between 1tudy and auzUlny variables u4 the ,. qlo of 

e•rol' I~ the •tully YU(abJe. lt ~ &lao beeo. o~-1'901! that 
I 

geDel'ally the pl'obablllty ~ utlmattag ~.moao of 1tady cbanctel' 
I 

e&tllfactOI'\ly. I 

f 



S.l lllf:rodVCt{o!ll ID cb&~ao • IJ •· the prbbabUlty o1u*~tl~ 

th• m ... Of the. cb&nc:t*l' QAdu ttudy 111. th 6 .. lftd .muP.•. ~ 

,' enu had beea WOJ'IIad OdtfU the ••lec1loG pl'ocedan wtlicb 

maku uae of awdUQy chanC:t8lr• It !IU Me.G obnft1111 that 

W. proba'blUty lli(:HUel Wltb the laci'Pie of tampt. alle , 

cUHJatloa coejllct.eotud maqtD of elri'OJ' f~ dlo "\Udy vatl• 

.,... a-.... .,....,,._. ... ..,_~ft>o 
pop&latloa m_. u.adu the suu"tca pwocedwre. ;tt ll tbuofon • 

lmpatll•t to•UJP .. tbl eatlaa tlOil PI'OCedUH ~ povtd .. 
. 

uabland .. umatll of popal&tlOil nwaa a1oDa wltb uablued 
I 

.uol&Dce eatlmatol' llDI!IeJ' the MlactloD poc.Sill'f' f4 chapter • n. 

'tbLI baa be .. attemPted lA ebl• cblptU •. J'oao ob&ab:alDJ HOI'Wltll• 

TbomJlloD'I uttma•• r4 pOplllatloGIDiaD aad ltl vqlaDCe the 

' aoequs-d, the calculatloD of wlllcb·be alto baeD dlaculle4. It 

may be meatlOIIed that •oma •t'• u wi.J'• caa be .. s>o lor 

CUial .. po)lalat\oa whlcb lm]IOiel a Nltl'lctlOD Oil the lqpated 

eatlmatloD procedun. 'l'hanfue, the ps>ocedun fol' the aelectloD 

ol the aampt. bu baeD madiAed u.urias lltlD "*'o ,, •• ud *'IJ ••· 

FUI'thes> the c011cept ei coatl'ollld ••lectloD baa aiao beeza und 

lA modlfylAJ tha pooceclan to obtala aoD ••ro w1•a _. •lJ''· 
'l!ae _aoelatlve efflcleDCy of the •uu••t~cl' poceduna ha1 allo 

beea com)IIU'ed With a DUmbll' of kaowa procedue• empal'tcan,.. 



,, 
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5. a l•tlft?!tloa Proc;•bn : .~t M bt the OUtnbe• of .ampl!• 

out~ Nca ~•lbl! ,.mp]d which ntld'y tbl c-ltloA 

1 ( x • "• ) I 11a 1 ~ • • fl e. ~tc84un •aapated lD chaptu - II. 

lhta t1w pobt'blllty r#. ~·~tt.nl a 1ap1ple out of 01•.. M nmplt• 
) 

p • 1/¥ • • ~·· thl• IICMDW " l8 ... , to ... tll&t • 
x, ' 

' • :&. p • -Sn I M 

<•.IJ>,f ... 
"lJ • . D .. P 1 • 

KlJ -
~ ,.,'l li 

wt.lL't ·K1 l• tblau"IM• of PmplN out fl N/ "-•lllfl l-th ' 
I 

, I 

walt aDd ~ l• t~w.aambu ~ •ample• coat!&l~ both l-th&ad. 

J1h 11Altll. KaoWllias the .-~u, of th* Ua'lt. ·~ .tbllw , ., •• ~ •v'• 
tht HOJ'Wl.- •'l'bomPIOA -~ ... ~ cu 'bt ·U,~ fOI' •tldtlDfl th! 

popalatlea m--. lf "l ? 0 fOI' aU t , wellaYtJ 

1 Q ,,. 

-1: ~ 
N '='=-! "l 

1'he Y•ta• - GnDdy lOI'm of va.Saac•· of aboft atimat• l! 

fl Fa a 
(--....&.) .. , ., 

Allo lf "tJ ) 0 fu all l I. J , Gle Y&tn -GI'UIIfly fo~rm 

ef eltlm•.. ~ Y&l'lUc! l! atwa bJ: 

' ( 
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II a nlec:tl~ P"eedue ~cwldn.lawgelr lllcluloao pobablUty 

101' the 4l .. lmUu IJQltl al1d lf -.:'• an approxlru&toly of tbe- .. me 

k 'F ~leY'-- ~··~lt le espectad that~ PJ"OCe4'?-•• woul4 l'elu1t.lll cb~Ulclel'able 

~ ~ ptA ,lA llfftclaacy u compUed to 1lmple l'aadam aampllDg. [D the 
~- . ualtl' 
~ •uu .. ted prac .. UI'e the IDcluJloa p~blll(;lef ~~ c!wlmllal'/ue 

' 

.... l*t of awlllla•y cbanc'*l' wh~h ~auld nsult tn galllt ~~ effwleacy. 

' 'j 
5. 2.1 lll\J!tr!tlf!l : Jl'ol' the .t~Dmp!e ~OIIaldel'ed ta 47~PiU· • li , . 

I 

•lth D ~ 4 &Qd N •·6 theee an lD.au. ·5 ~pJe• ·out of 15 •ample~ 
) 

I 

.atllfvtaa I ( i' :- "- ) 1 l'z \.::, • • • '1'1* .. 1.. aad -~ •• to• 

I 
I 

• 1 • 4/5. •a • J/5 , v3 .. 3/5 ..... Sjs • •6 • 3/1 ... 6 ':' 4/J 
tf~ L :; " s ~ 

l I z ~ • I 

l ! z ·a l.. 

(i<-1) a J I ·J 

l a 'I 
I s 

It ~y be l'~ked that U the dlett'lb11tl.Qil Of • le aymmeutclll 

-., '• wlU be mon I# \e.. equal few' all t1ill utlltfl. Aiao the · ~'lJ _for 

fba pill' of aDlte •bon mean 11 closer to ~ popalatl4A meaD wlU be 

mwe thaA the othol' palr whole mean la dUlueN tram the popllatlOA 
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dacribed ID cshaptel' - n , v1 cw w13 might be cuo 101' aome 

UDlt ~ ~l• of. uDltl! whlch lmPM•• a ae,l.oiJt Umt.tatloJi oil the 

uae of H!»~P-l'hompaoA eatlrnates. To overcome thls dWl• 

cu!ty the pz:oced~ has heeD mo4tf4ed 1.01' the aolectiOD of the ,, 

I 
I 

I ' 

.Sup - I : Dnw a ~ QDdom aample wltho!W t~erneot 

( .WO!~ ) of •I.Ze ( a • & ) f~ the ~~tloP.· 'J' atze N by 
- I 

tht HlectlOll pocedue glvea ID chaptal' • n. / 
I 

• I 
§tap • U·t Su~plemell\ the above •ample by 

' ' 
;t u&llttl ~hrawra 

by s.aswoa. hom the I'CimaiAtag· ( N - ,. .. a ) UDltll 1f4 :the.. 

popnlattoa. 

Nt!" if M' la tile aumbal' of ••mples f4 elae 
' 

N 
( a - I ) out of c(a•J} 

lex' .. ~~o*>l~~al~·· • 

' 

· poeelble aample• whlch eatlafy 

whe::e ~ la the meao. 'll&aed Oil 

(a-!) UQlts thea v1•e &Ad ,IJ'' •tU be glVOI) by· 

x; B1' 
"t • - + ( 1 - - ) 

~ ~ N•A+2 

/ 



• when KL le the ovmlienr d. eamples oat of M' Whlch.coAtalo 

• l•th UJllt aocl KIJ ls tt1e anmbel' of samploa cOQCit.lolog both 

l•th 'Wid j·th uotta. U'alDg theeo v1rs aAd "l]• Wblc:h an ooa 

zuo • estlmatu of the popalatlaD meao alld lta 'IU'taDce cao be 

obtallled by the fol'mt'IJ•e st .. oto sectloo ,.z. ~ ~c.MU, :;/:;~~ 
~~~ vv.t ~~~.It-- tt:J-~ .... vr-~1 < "-~· 

3. 3.1 rlla!tn@E : Agai,Q. fol' th~ example co.QJld•~· to chaptel'•ll ,. 

"t = lf5 • "a .. 2/&. "3 .. '1./5 •••• 
I Vi 2. :!. '1 5" 

0 0 0 0 
0 1 1 

"lJ .. 1/5 1 I 
0 

v1Je an glveo by 

11'1 .. 6/10 ' "a= 7/10 . ,.., .. 7/10. 

""'6 .. 6flo 
t;i 

'2- :!. '1' s 
11 11 u u 

.,J .. 1/30 
13 14 •• 14 14 

1S 

' 1 
0 
0 ~ 

o. ~ 
0 ~· 

I 

' I 

'( l < J ;> 
\ 
I 

"4 .. 7/10 • "& tq r!/10 • 

& 
10 ( 

u :L 

u 3 ( l < J ) 
u ~ 
u s 

( 
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ll. f Coi!golled SelectlQI! ptocedun ' to the aelectloD procedUJ"e 

euggeated I.A cba-ptel' • n , a sample ls &elected lf lt aattsfles 

I ( i'-,._ ) I tAsk •a othei'Wlae lt la l'ejected. 'dale essentlally 

lm~ee that the sample apace of SRSWOB ld dlvlded blto two 

~. the n ... t of cOilSletlllg of prefei'...S samples fol' Wblch 
I ' 

t< jj • l'x ) /l'al ~ •:a a.ad the sec~ c:oa.lstlllg of BoD pa'eleJ'I'ed 

samples fOI' whlch I (ii' • Pa ) I "..\7 • x • 1'be DoD p~ened 

' ' samples bave a ael'o probabllltf .of eelectloD UDI'lel' the Pr}ICedtl1'8 
' I 

suggested .lA chapte~r-n which zeaula sometl~ ln ~ ~o ol' 
I 

"tJ ;:t 0 • The noa-pefeJ'zed •amplea can be asslgal,d DOD-Bel'o 
I 

probabi.Uty of aelectlou ( howevel' eman ) whlc!J. wtll provlde 
\ 

' aou zoro laclualoo probab\Ut\8$ fol' au UAlta ~ 181118 of oubs. 
I ' 

The cQiltl'olled 81Jlectloo procedure 101' d!!8lJ'~ cootl'ol say o. 

COAolsta of the followtOS step : 

Step I : Dnw a: sample of allle a by SltSWOR faoom the 

poPQlatlOD of alae N. 

Step n : Teat whethtw I ( a .. "• , I ~~oal ~ • • fv II ven ••• 

Spp· m : (l) If \( i' • l'a ) /l':a\ ~ e :a , perfOI'm·a Bernoulll eriAl 

wltb probablllty of tucceas P1 • for selecti.Ag the sample and 

( ll) lf \(a .. "II:~ I "• \ >•a perfotma Be~Ul tl'lal Wlth 
0 It--~ 'd<> t St4I:· 

pi'ObablUty.·of suc:ccaa P1 for eelecttag the sample, ,.._The 
' 

! 



P1 • o./)4 ud Pa • ( t - o. ) 1 (NeD; M ) • OeJ:~era~v 

Pz ~ u~tg.oed a ~small value .~cl.. P1 le 4etewm1Aed by 

the ~elatloD M P1 + ( Nc0 • !14 ) P.a • 1 • 

Ulk!e:r the scheme of coA~olle4 eoleotlOA v1•a ud 

"lJ'• caD bo obtalaed by the f~matao 

. N·1 
"t a· PI Kl + Pz ( cll•l - Kl ) aild 

1 ' 

I 
I 

K.aowl~ v1•s a.ad "tJ •a lo:r all llldl~dual unlts ~ "p&t:r of 

UDltB, Hontlta•ThompsoO ••ttmat:e• of meao a.Ad,tonespoadlJ2g 
. I 

va•ladce call be obtalaed by the fa:rmulaa gtveu to,•eGtloa ,3. I • 
\ 

3. 4.1 tllust:rattoD : ' ' F01" tho eampte coasl\teHCi iA cbaptei'-U 

loz N a 6 • A a 4 , alld pa-(SbdAg Pa n .001 we get 

P1 a .198. Tlma v1
1o aDd "t..t'• &le glvenby 

VJ II • 198 • •• ... 601 , ,, ... 601 • v4 a .601 • v6 o .6ot,v6 ... ?98. 

lti ,_ 
~ ~ 5" t 

.400 .400 .400 .4oo .194 
.2()3 .400 .4oo .400 1. ' 

VlJ a .400 ·~oo .400 3 
Lt<-'i) 

.aoJ .400 ~ 
.400 s 

3, I Efftcle~y : rn llllAtbtmpt to compue the suggested 

pjocedve w\th some exlstlDg pl'oceduos flve hypotbetlc&l populatlOlls 

bavo beeA coDslde:red. 'the PG}IIllatloDs ba~ coneJatloa coefflcleAt 

~lDg bom • 6f to • 95 aJld ue preaented 1.11 table J. L 

I 



Table 3 •. 1 ta~le ·~ ehoW\ag flw hypo~tlc:al popoJatl,OD8 
wtth dltferent value a of .a., ................ . 

Popa1lltloo 

t1DltNo. p• .9863 .8103 .8451 .?441 .6441 

' u Ul 1V v 

--------------·-·--··--··----·--·-·----·····------
X y X y X y ll y X y 

1 1 1 1 1 1 1 l 1 lj -1 
a a 1 a 1 a a ·a 1 ! 'a 
s 3 a a 1 s a a l 3/ 3 

• • a 3 a • a 3 1 /~ 3 
s 5 3 3 a s I , & ,s 3 
6 6 , • z 6 J 4 a 6 3 

---------------------·-·---------------~---·-·-----I 

A D&tual po'fll]atlc:Jl preseDted, .to table '· 21, baa 

alto been coDIIldued for CO!DlJUlsOil. ft baa beeG takeA fsoom 

' AJmalt of Mathematlcal Sta\lstlc• • 13, 119·l06 ' and ls 

bued Oil ••tlmltloA ~ vohuno t:l. \\~be• •tarads by a~lp sampllog. 

• ls h .. e lD 10 chalD llAltl aod INpJ'81ellt8 b1aakWlse sum of 

lb'lp lengths whlle 'I ls lo 1000 6t· board meaeUHmeDt uoltt 

Table J.J 'P-'lt•.tll.P.J9i-¥-W'.!lJ.~J.!P.J!9'!.1. P.~--'-U7_l 

'Dolt No. X y 'Dillt No. X y - - -1 180 8781 6 140 56ZZ 
I 1U 6756 1 91 S67? 
3 76 1786 9 91 4J69 
4 104 ZfJS 9 191 7919 
B 109 4668 10 n1 1861 

-------------------··-·-·--------·-----·-·-··-----·------



I'• e&c:fh popal&aoa tM valance lu the o.etlldte -...s • u..rnpte a1.le 

t Jaw beea WOI'bcl aculat fta'leu t~•ce~ Ud ,..alta an ,....Atod l4 

..W. J. s. ., JI'GC*fan.t coAalc!ueilfor ~04 ue the followl&lfJ 1 

L Huwt•·~P~JCIA•etlwatelA da tuQuttd ...-oceaue ( ·~•·05) 

a. B~t:a·'rMarpeoa eetlmaw \A mo4lflad pae~ ( •• •. Q5 ~ 
I 

·s. B'l' •ttmate lA c~ aeleot104 paeedun ( •a• • <15 , P! a • 001 ) 

•• llm~ n ... "'saswoa , 
e. "Qaaal ••tlmate lA PPSft 

I ,I 
6. ..,... .. , ..... tlmate 1.za saswoa ,; 

i'J8ce• r9J!VJo\~ 
d.n t a UI tV v .Natual' --·-------------·---· ...... ·------------.. -----...... ,;--.... ------·--------.. 
(l) '17U36.818 ' .oooo .()069 .oooo .o069 .0417 
C a) .0116 .0001 .om .oooa .0116 UU08LH9 

t:~ .0007 .0037 .ooos .0014 .olt• :1199&0.110 
.0667 .()DO .ous .OUl .a~n 180200.000 

t:~ .<Moo .•. .,. .n so .Qt.O .uzo 114Ul8.7JO 
.0057 .oa61 ·0095 .olO' .()341 ll~too.ooo 
, ····--,.·----- .. -----------·--..,..·~-..... -., ... _______________ .. __ ... ___ _ 

that II· 'l· •tJ.mate GQIS_, ~· ftiJ••ttld proc:cdaft t4 c:haptei'"''I p;rovhla 

pDhi.Uy mort~ tOlcteAt naalte uo uuleet«maeee ot s.aswoa aad 

PiBWa ampJ.J.n, s-ocedutee. The ayae•e.d ...-oaecS'IIft• ••• ale($ com· 

II""" Wlth ••IHI•laa eettmat. ta r:aaa, elaatteu. 
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J.6 Summallry : ' I 

Ill tblll chaptal', a eetl~tlOil proc:edul'e bu 

btten eoggeetfid Whlcb prorida Ullbtased e•tlmat. of poputatlol\ mou 

aloag •lth Wlbtasd vut&llco eetlmator, uQdel' the selection proc~ue 

~ cha.Ptel"it. fsut IlDdeii' thle proc:eciue "l ol' ,lJ may be •el'o 

fu some l 01t t r! J , thel''efo" ttie l)l'oc:edunt has beeA X!.\Odlned 

tO p:rovlde neD •oio ~babtUtteo ~ DICtidlaD for aU tbB QAlta aod 

tall' of UJllte. Furthel' th6 concept of c-olled ••J.r:tloD ba' beeo 
I I 

ued to pll'ovlc!e tloo. &olfo ~Q:obabllltl"e of t.aolusloo. ~ tbaee 

peoceduee have heeo c()Dlpa.ted wtth some of e.ik.~ p:roceduna 

. ~ . I 
empclflc'ally &ad w.e l'etu.ItG hBVB' been folliSd to b' hlgb.ly·eatlafectory. 

I 

I 

I 



efllc:t.ent ~nlu lo eatlmatlon ~ populatloD para.mei- u meu etc. 

A nambu. « proc:ed~ bated oD aaetUaey IAfumatloD have beell 

•developed hilt llQIIe pa'ovl4et cont~rol oD tampllAg qeo~ whlch la all 

ve~rylmpol'tallt aupectlll aampltllg. Ill thlt dl,.eaotatl6D, a 

aeleCtlon pl'~edun baa ~- auu••tad which make• uae of 

uelllal'y LAfo~tton to eAnN the •elec:tlCIIl of a l'ePnfeAtatlve 

aamt)le. l. e. , a •ample ftn> whlc~ nla~ve l'l:lU(~~/, enOl' of 
I 

•ample .. ttmate from popu.latlOil JIUametu t~ wtyllll speclf\ecl 
' I 

marslll. J"urther, tho prQbablllty bt ·~ple elitlmata for ~tudy 
I 

cbuacter wlU alto dlll'u fwbm poPQlatlCIIl parmete• by~ •peclfled 
I ' 

mal'gla of enol' ha• _boeo calc.ulat.ed·, fOI' tUff~nnt nAg.o•. Of sample~--. 

eliSe , COI'~elatloll cQei.fl¢le~t.betweeo atudy a.ad awcllla~ry variablea, 
" ' 

marglllhof cnoru a:ad-ccoincieata of v&l'l&tlOA. 'l1lla probablllty 
I I '\ 

l ,, " 

la .sen.el'aUy of hlp o:d.- a.ad ~ ih• suggested pso;x:edUH cao be 
• ' p ~ 

To o'btaln Horwl~·'l'hblilpsoA'• eetlmateQof meao a.ad 

variuee,methad of calcullltlAg v1•s .ud ,tl' 101' the •ugpatad 

PJ"ocechmt bu alto .,_eA glveA. Ill cate ,, .. 0 01' •u a o 

.for some ulllt or pall' o1' lllllflJ, ~ aelectlora procadue aDd method 

r:4 eompatlQs v,1s aad vlJ'• 101' all the WllttJ bave beeA mocllfled. 



'fhe COiltl'olled ••lflc~ou ~oc.cS\ln u m.oc!lflc:,atl~ of the 

•uggelted procedure hu beellgl•en uci thit method d ob1a1Dlas 

"l'l and. '11'tj'' baaed Oil COilti'OllH lelectlOil hu tho 'bnll 

dliC:Oied. S~ tlJtofttk:aJ aoCI D&tla&l JIOpa)atl~ha .... &leo 

lleeA c:odal4e:re4 to compua the IUSJ••tecl "hem• wlth eXiet1GJ 

pl'ocedural ·ampeZ'lc:aUy. T'bil IUJp•t:e• acheme• ~~a.,. baea 

feuacl CD bl hlJhly aattdactos'~ • ta aU the eltuatl~. 

I 
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