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CBAP'J:Ell• I 

mxaopyGT'9" .6l!P amp or UTJiiRATuaJ: 

Ia --PDP •aner practlce, --~•pou• &om acme ol 

tJ. aamPuq .a. Ia of commaa occvoace. 'l'ld8 pro111Jem of 

'aoa-n•,..•· R 'lacOIIlplllta •ampha' UIDOM commaa Ia Maf!!q 
I 

,'EaqQltlel. ltU. aaa I'U,..o 18 cGUl .. ,.W. tile oatl..,.or oM•'aetl 

• tile t.ula Gl the nallaad a ample may IUt nPN•ut ~ dal'actnlatl~ 

ol U. u&ao peplilldl•· 1 

CaC8plallf, tbe pep•htiGD may lie tl'•":·1u dttlcted lido 

two atn&a. - npnautlq tba alii which nadllJ' .... _. aad tJ. 
I 

CIIMr ad rea,_.tq • J.el N1 aacf ffa 1llo &M JIVP~lta aamlaer ol aaJU 
- I la U. two .anta, ud, Y:1 aad f 2 lie paputl• me••• reaped!YO)f. 

Let a aample otaalla ... clrawa • dadCIIID bomN (• K1f.N1 ) aatl 

llal alU .n.,.d, , ... tbe umple m•aa lluod - •1 .au proftclo• 

- -.... tlmato flf1i aadtba rudlq..._ la .. UmaSlqY •U..Iaula 

of tu laclmploto UDlplo la 

- - N, - -yl.y • II (1'1-Y&) - -'l'ht» If 1' 1 ..S 1f' I COIIIJ.cle ra'-lJ dllfU t ~he blu laYOlved wU1 be 

nllatuUal. 

TJit calJ wq to mlalmlae 01' ellm!Mto biaa Ia to btYII 

If ••ed .n. •. 
'1'Jie ahraate mallod .. to devl .... dable plaA of e&q~l'J 

to rodu.tlaa aca•rea.-diJII sroaptothe 'barelt mlalmum. Sewnl 

I 



• 2. 

methode bave been •asseated to tackle the problem olaoe respOOSe. 

Some oftbem are dlacaaaed Ia tbo followtns paragraphf. 

I , 'l'hla c;ollld be ••d wl&h adYall&age lA Plll'acD&l Eaqall'f euver• aleo. 

The mailed ccmallta la natol"lq to 1call .... ck' aD the al&i:.-eampJe of 

llllllh aolectacl b'om tbt 81111l-HOPQD6lq atl'atam ud 'bal14lfta a adltbJe 

eatlmato baaed GO th1a allb .. ample-' tJ!e aample1 naU.~ • U. fl~rat 
' 
I 

Suppose the popt&latloa. ccaelltlq ~ aaJts, ~be 

dl9lded IIIlo two clu••• ·the I"OIPQD8o clue ~ tbe .-"''Updtlle 
I 

clue, wltb 11aea N1 .a4 N!. It Ill UD!tlla tbl a.-npllll'Upcad ud 

•z cJoact, wJtb •1 + •z "'a, tblta we may nga.l'd a1 u a ~random a ample 

bom tbe rupg~~Pe clue aad a 1 .. a I'.Som aa:mpJe from the AcD• 

reapcaao claas. Ou& ol. a 2 a elmple raadom a.-nple of a~ le dnwa 
I each that a2 • Az .I wbll'e I 11 th8 llub .. ampllag fl'ac:UOD. Wllh tbll, 

aa •lllaled estimate of }'IOpGlaUonuw.a 11 slwa lly 
- . 
Yw a1/a(at'-t+DzV'a

2
) 

I 

The afflclaac:y of thlt method of caU-hclal abOGid aeceaaal'lly 

be c0111l4u.S la relatloatothe cost lavolvecl. The cOlt altha saner 

wlUbe 
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where C0 H~••• tM• ecet ol. 1Acludlq a aample aa1t 1D the IDIUal 

aample, C1 the coat ol. ;ettlq, edltlag aad procea.lDallafonzWlGD 

pal' aa1t ID the napaue clua aad c1,. the coat fl &ll&ernewlas aDd 

proce .. laalllfOimlltlGD ID tba aa~a-ao•~· clua, 

value• of D, I 1011 a tlsed YarlaDce. 

z. Clapet p!!d Ford Mttlaod (1947) 

' deaUDs with the pl'oblem af bias dQo to DOD-rea~ Ill malhuftJ•. 
I 

The mala aateJillc. baa .... amm to two • pec.t' of tba Foblem: 
I 

1) Maxlmla lq .... ,.ae 'bJ fi'VelrJ poali ~Je ID8aD8 lD cndel' to 

c.:a dowa tba alae of the aaG"'I'tipcllall• ll'~p whOle 

c:harac:terlatlca ud attltudoa ~ kaown, 

ll) MaldQS allow_,.cea Ol' ~rectlclu for aay 1d&l that may 

e dlt Ia the .lac:amp!ete ro&u~DS. 

Tile atady waa C&l'l'led oat by •unerllls ••aam'3DP fl. the 

Vettll'aa poplllatloa. 

Zsunall t•llow 1111 of Veto&" &Ill wbo bad aGt na pcaded to 

the laltlal questloualn, lt .. ., ac&lced that pa&'I<Dallaed ••llll•U• I 

obaened that a multlphallc ••nev, coveriq aevel'al potelltiaU, 

IDtenatlq toplc:a, yielded blpel' zoCell of rupoue t!wl a slllgle 

•llb.J•c.t •aner fl the •ame popul•aloD, &Ad a!ao II'OatJr lea auod 
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u l.atoreat blaa Ill roe poaee. 

S. Pollta apd S!mrnope T!chplgge (1949) 

Tho teclmlque d.,eloped by .IJaaaeD ud larwlla 1.t pS'Imully 

appllcabla to malleuveye. Holllevel', lD moet lnetuc:oa, putlculal'ly 

1a tbe dewlopJ&Ia collll&rlee, maU eqne,a are D'* pnc:Ucable. The 

aklU. acd abUWea ol expnleaced cm ..... ruOl'a ue needed to olltalll 

the llltormatlooeoqlla liUhe aurwys. 

A commoa dWlculty wllh lute mew survey U&a lAthe fu~ 

that Ollly a nlatively m.oclen portion of the flret c:a Us La a uccos sful. 
' 

Tho idervlewu 1a therefore obUged to make ••~...{ calb In o~er 
to c:Oilftll the CGmpleto umplo, QAd th!l more tl(e numMr d calla 

' 

after thil flrat c:aU Ia uaed, the estimate may be 'blued. Politz and 
' 

Slmmou toclmlqua (1949) Ia q attemji to nolcS both the ~aee.t fo:r 

eacceealve caUls ad the daqer otblaaea daa to lllcompletc aampJee. 
' 

The eueac:o ottble techalqWt l8 aa followat 
~ Iatortlewllll of pen~oas aeJecSecl Ill the sample are made at 

raadamly eeloc:ted polllllta of time. Eaeh perioD iJI rialted oJlly cace. 

Tbue wbo uc CCIIIlacSed are alkecl to give lafonnatlall dD the awnbel' 
I 

of tlmu 1a tbl sn--coodlDa 1198 daya they were u home at the time of 

IDto al.x sroapa accord lag to the ~:r Gl ttmea thlll ~iJ11a"'t'1d~~e 

iii:. home.. ''D~nte by ( J -I) tho cumber of tlmea the l-tb ponoo 1a 

the a ample wu ot home prior to the IDtemew. Cleuly S Ia a raadom 
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Y&rla~• takiq •*• lrGtnl to 6, aDd J/6 ettlmatee the pa-GpOitloD 

~the time tile l-4b pe:raoD Ia at bame dariDJ tbe bderY&l d latesoeet. 

'l'atallllor tile cba:racterbtl~ aadesotbe atacly a" thea 'Pftlpared lor 

eacb aroap ad the eatlmate of, aay, the populaUoa tatalls obta-d 

br weiJM'na each arouptatal bt the COJ'"'PfAdlaa •• ~ 6/j vts. 

by tlt8 lllw:rae ~ tbe propertlGG ~time the people lD tbe c-~~lq 

arOGp •n • Jume. A blaber wea,k 1e tbu slwa to pencaa wllo 

an leae t .. qaotlf at borne. 
I 

• we .......... ted la oatlmtdlag t~ ralaSicla tat&liOJ' 

a cbarac:ter a tbta / 
' . / X • 6 J: xt/J I 

1•1 
I 

wbe:re a1 d.._. the Y&hse of tM characterbtlc: f~ the l•b penca 

Ia the popaldloa aad ! deaae .. the eun'unatlOD ovu the a pereoaa 

II p1 • Probability ol 14 persOD Ia the aample to be at home 

wbea tu ll&lervlewer caU. aad q1 al • p1 , the probabllltf tbat l-4b 

puaoa 111 at hGme suo tim• dula& t ... I day pel' led 111 '" t{. 
llznUuly tile pwolaa'b\Uly that 14 paaGa111 d home OM time dQrlq 

5 ) 4 f tbe !I claf pedad Ia • ( 1 q1 p1 ud eo •· 

Alto e lot plJ '" Probability ~tile 1-tb puaoa to baloas&otlloj-4b ' 

group fA ptpalatloo ( J • 1, 2, ••• , 6 ) 

6! 6-J -J -= ~( -:-:'16 :.:._ J~,~.- s1 'It 

tbea ~ p • 1 • q6 
J•l lJ l 
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I 

With thla s x' .. ~ a. ( 1 - J ) 
l=l -, 

where~\ 18 tbe nvmbe• of bldlvldaall ooovored lD the 141\10# as 

.... poa~~ ... _ 

The flrat te:rm npraeata abe tcUI lo:r pora Olll who CaJ' bo fouad at 
' homo at lealt ODce Ia au apoc:llled 6 dap p~rlod. The aecelld tezm 

( whlc:h pvea blaa1ll Ad acc.,..,.,...O low Ia the procedlue ·r1 eatlmatlOD. 

Thaa the eat !mate ll Ullbl.ated II the GUl'Wf ll arn~ed lA auch a way 
I I 

ao that the a:roop d. thole who an DOYer at hQDI.e ll r,edacod to aesUslble 

amottpt l.e. Cit ohoald be very am•U, I I 

4. Blru!temp lid Slrkell MfthocJ (1950) 

Blmal>a~m IJld Slrkea (1950) pnaemed aact• toc:halque for 
' t._ frllfm.,. rlerrora illtrodced .lalo aunpllaa aur...,.. daa to the 

11 call-laacb" k, lD adYIIIlce few the •wunatlOD of t• aecoQd aampla. 

All aalt.a are callad back, a~&o a matdmum aamlau olk c:aUa, tWthey 

reapaad. Here, ao aab .. ampUq oftt. a01l"'11eapaadellta la c•W•nd 

The aaagmptJ.ca made about the popGintlOil ... a lao dlfferera&. a ls a .. amed 

that aU aaatta lathe popuJatloa, wiD have the aam.e prokbllbf, d. be"" 
available at exactly the J -th attemJ&, wbne 1 ~ J ~ k • 

The expected cOlt aad 'VAI'Iaace of the .. mple IGnef are 

expreaaed aa faactlCIIII of aample slme aDd of the Dumbu of caU baclal 

made oa the aGO"''l"AllabJea. A method baa thea boa pre4011&ed wblch 
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opUulla .. precwlola for aslna cost by playtq aampUag 01'1'01' agatan. 

the blal Z"eeaJtbaa from aoa-avallabJea. 

5. Dtmlpgfa 'fec:Jalgit (l95S) 

J>cmlas poatalat .. a P'obablll&y mecbaalem Ia. tile aJmaltaJWOIUI 

prochac:U.aa artlll b1u of aoD-na~e ead 1M tt. Yal'laace ol n•~•· 

The IIOil reapc:aae ar'-•• from a gl'a4ed auwa ol. cluaa of tba memllen 

d the aalwede to .. aamp!ad. Tba cluaea naao &am. • ~pabt. 

con ol. ao ~11»111 re•pau•, Oil G1'CO a c1a .. of .c:omplet' napcllH. 
I 

Noa rea-pcaae uuoa fl'om two eQ8rc:OI, lld: at~ aad Afaalll. 
' 

' I 
Refaaale are oltwo iiada, pll"'D'KQ811t aad teft1~l"f· Tb!t vadaUaa 

I 
' lD the amOIIIIt ol. tlmtt epcat at home, aad the ,\-al'latlaa Ia the llnnaeea 

raadom V&l'laUta Ia tbl aumbel' ol. l'et~paatea t~refl'cm • 

.Aa lacrea .. la ~ll.e •'-• of tbe laltial .. mple Ol' G IDOI'I 

efflcleaa method of ,.led loa wlU decreaae the varluce ol. ~CSpaaae, 

W wlll Usne a0 e4ec:t oa the b1aB d aoa reapaue. 81lec:e8al.,. 

efllclu& metbo.d of uledloa la decnaelq the red m ... aqaare 

edM wlllch a.llea &om bc:tb llOII ftfp<~Ue aa:J f~tom the tal'iatlcla 

of reapaue. 

I 
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whea tbe varlatloa Ia tho meuured c:ha~raderstlc le Olll1 two.fOld from 

tbe clue of loweet napcue to tlzc ~laaa of lll&hut II'UpQIIl8 0, 

WWahllw left Ia olreapaase ea•wned be:re (taltell bam avel'&ie 

ar ... upetleace), aad with aa eatlmate formed br aummtna 11ptt. 

laltlal call ad U.. ~recalla, the flrat two recalla ellec& togetbu aboal 

a !50 per CU$ iedactloa 1a the latlial blaa of QOilJOaapo:QSe. l'mthel' 

Hcalla caDS .. to be pTodw:Uve. ID lad with thla ~blild or eatlmatlall, 

each recall t;dded to a aampllag p!q, eYeB *1•b reciua, ac&ully 

lac:reuea the~- of lalormatloa obtalae41/or each dollar oxpaaded 
I 

I 
I 

FOI'.., propot~ed U""'7', c:alclilatlCJU baaed c:tl M1lgb ad'IIIDce 
\ 

eatlm&tee of tbe coututa that appear Ia the fo~e ( alvea Ia , .. paper) 
I 

will predld to a Wllefql degree olapp\"oxlmatlall the blaaea and the 

~arleccea to J)e eapec&ed f:rom w•loiill typal of plau. Figure• ca c01t• 

wlU tbea polat om wlalcb plallla most eedllomiCill. IH tMIJetbat are 

po .. lble~ lOll the attalameDt of a pracrlbed ac:clll'acy. 

'la. ~opo .. d mecbeolsm prwldea a tbeor, of bl.ae to allppJem•at 

the theory of sampllq. a ladlcalea the poaalblll\y olaew llad 014p'• 

efflcleat amhodo of u\lmaU~<Athaathe almplD comblutl• of~ 1altla1 

.-t~J,t aai til& :recalls, u It wlll povl.do a ratloul bub fo:r e.xhac&lal 

more laloralfltloa tram tM :recaUs, Ja alao potau out, I~ 8llJ puUc:alu 

method ol eatlmlltloa, what empulc:aliAformatlca wlU be helpful Ia the 

plaaiq oltiiiO 'efllclell& allocatl• of eJiort ·~•t tbe lalt.lal aampJ. 
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llltonlewera make their c:aU at the tlD)e sole dod at rudom wWaiD 

the hours oltho day the survey liJ taklog place. Jf the~ ~ol.mdlOD 

obtalaed OD the preaeoc:e at home OD the paot flve daya 111 a.44ed, the 

naull Ia e. nodom •ample of sb poklls of Ume Z4 hours apart from 

one uc:*bel'. 

' way whlch liJ lreo &am above aaeumpUCJD. AcporcUDg to DurblD. lt 
I 

liJ aofllclalll to aec:ore "that aD equal rmmbh of calls is meta oo eac:h 
I 

of the ala: eveoJasa of the week, eltllll' over the euvey as a wholo, or 

more atrlcUy, br eac:h IAvuUgator11• With auc:h a lees nDtrlc:SIDg 
I 

usam}'tlGD, DwrblD developed tho same haalc reads aa Pollta aDd 

Slriunoaa wah some addlUoaallmprovemema lJl theo~. 

DarblD alao compared tho offlcleocy of Pollh and Slmmoaa 

tec:Jmlque wllh &he procedure of ncaUfns aDd fouad that, ar&del' some 

aaaam}'tlGDS, tllll latter method is more elflclem lfthe vale oft!lc 

~raderatt.Ce OD the &W'ftJ propamme is IAdepelSdam f4 the probnblllty 
I 

I 
of fiAdbag tho roepoadellt at home when the call Ia made. U tho•o is 

some col'rolatlclD, the former method mlslt bo mon efllcleJI&. 

Some Q&bea- Davelqpmenta 

7. Me;lhod SPBBoetmt by El-Badry (1956) 

Ell•Badi'J' (1956) has eateAded Rauen and Hurwlbs's teclllllque 

baaed GD the experleDCe that an &PFec:lable Increase ba I'O&poDBo .fttes 

to mill qaestlolmabree caD be aoc:ued br aeodbli repeated waves of 
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qae1tloaaalna to U. aoa-reapoadlnS ualta. Wbaa &h• paiD& Ia nached 

ware .furta• wa'"!• would a~ be efte~:Uve, a aab•~ample of tbe 

remalalnJaca-reapoadlq &Ill It aeloc:ted ud latewY~ewe<l. Plaal 

eatlmatea are b&Aied oa tU pooled rea alta I• am aU tu attemsta pat 

toptul'. 

8. Klah yd lftu M!!hod (1959) 

Klalt. aad Bn• (1959) propoae tllat a a111mba1' of adclnllsea 

of aca n1pcadlq •IP from a recellt .ad •~lu auney be added 

to tbeti alta eelec:ted loft aa actaalatb ••r. 'l1j. )be ~ •• of the field 

WOI'k data an c:oUected I• om tbe two pal'tl Clt'the aamplo aid edded 
I 

GDIU ••ne aa a "nplacemaat" for the aa,'·rtapcedlq alta Ja tbt 
I ac:taal•a•ver· llelmlla• IISIWJII an ..,pealed lraq111Jdly ad a 

\ 
nccmt olaoa•J'Iapcaae Ia .. ,.. tills ~~~" mlalt ra~aam aa 

I 

acoaomlcal treatem•• ol the Fol>lasn of mllala1 data. 

Ia ~-· atcady the •axoe a11thel'• couldared tho PJ'oblem 

of aoa-covuap yla. lalkare. ol tbs aaumenton to lru:lta!e some GD.Itl 

Iii tbl eca..,.,. 'IIlla lalllll1'e coakl allo 'be c:ould81'ed aa tho pt'o1J1aJD. 

of ml .. lq data II b ll kaowa that uaJaa oml&tad u:llt. O&hei'Wlle, It 

maaa a part oiPJ'obloma a.telq Ollt of laaccuatall'ames ..S 1 

laaccwate llltlq8. 

9. @!dawl pd Se!h'• M!thp4 (1961) 

Bedawl aD4 Seth (1961) extadad the matllod eqaeated br 

Hauea aad lluwbll to law mo•• nmpllll1 tacbalqu• eo ao to cope 

wbhtlla aeed Ia aarlcalturalauveya. 'l'bl aoluUou h&9e been 



-u. 

obtalaed GDdew the auamptloa the# all aoa lrdpODdllla, U!Uta, wlU 

defiDltoly I'Upalld at the secoad attempt. The dlffenat cases 

couldorod are& 

a) Claat.l' aad two atap aampllDg 

b) Mall&putpo .. aanep 

c) SampUq wlth varylq Fobablm~• of elocUoa, with 
repJac:e~~~eat 

i'tn each t:l the abow casca, a dealp haa beea developed 

aampUaall'acUOD Jbaa tbe napaldbag UlliU. Tbea aub-eamplea al'e 

detumlad, 11v flxlq llladnac:e, the eub-eampllDg ll'ac:llCIDIJ.twam 

each ah'atum. TU•• Ill addlUOD to the Ol'lglllalaample alae IOftD 

tile 1parametel'll' cl the dealga. fteao parameter• are selected Ill 
' 

auch a way &II to ptoY1de maximum llltcmnatloa pn UDlt d coat. 

Ia thlll dlucutatlaa, the PJ~oblam of As napoue ln 

muiUc:hanct ... ...,.,. Ill mulU-etago dealga haa baeD attempted. 

-



CHAPTER • U 

NQN •RJCSPQNSI IN tWO CHf.RACTERS IN A TWO STAGS RliSIGH 

Malt d. tJae wodt dou oD Qoa•napoue lD •exnpla auvep, 

dea)ll m&Ja1y wfthelqle etaa• eampltq aDd au chuac:teJr fa aadel' 

atady. Bedawl dd Seth (1961) attempacS tile s-oblem tl GQD-MIIpoue 

lD two c:hanc:te:n aaala lD a •Iaaie atap deetp. 

till p;r.ea& wol'k deals wllh the P1'0blem of DOil.,.lpc:ale lD 

eample euno,a, wJaeJOe the dealp cl.tlll•ai'VOf fa oae oflWQ ~&a&• 
r 

aampllq aadt..,n an two characten aadel' at..Sy. 
I 

' The Doa•napozt.diD.g aata. Ia geaenl,/cao be claallflecl 

I 
I 

I 

I 

1) VAlla wlalchan temporoiJ &aac~••lblo, due to aae Maeoa 

or dbn, at tbl fuet alteml& 1M!& woold tee pad c:a ccllltact. 
I 

This !II'OUP wlU allo coa:slet ;. aaltl which woold )law to be 

pua \ad eel to s-OYlde b&fcmniUca by caatactlag tbem mon 

·-OD.c:&. 

Z) Tbl. fii'OUP woald coulat cl. IDllll whlch woald aaw• napcad 

• ._ whea aeftal attems&s are ma4a to obaala tho lafOI'matldl 

Pu the pQI'pole tl thle et.Sy, It 11 &ISamed tba'a thla Jl'oap 
I 

of aata 11 almoat aoa-axlat ... L •· ..U. would nspaod 

clelbaltely at the aac.S atteml&. 

Ia tbe F•••m l&ftetlgatlc:a. u mea& laud abcml, It Is 

IDfonnatldlls l'eqahed oa two chuac:tere tbl'oap a two-ataga 
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aampUq dealp. 

Sampllaa peelp gd Claulflg!lce of D'p!t! 

Let a •ample ••rvey 1M! c:OGchac:ted to oaUmate tM meaD 

valUIIII of two dlan<:tero X ud Y tboql!. a two•ataao dulp. Let 

the populatloa UDder atady c:0111lal ~ N P'St11•. 4 1lmple raadom 

aample of a PS'O'a b ulocted with eqaaltn'o'ba'blllly aad wtbr:nt 

~pla~me~. Ia uc:h PS'O aell~ctcd 11ome SS'O•a may alve complete 

1Diormat101l 011l.tcth X andY, tome eu X caly,, aome ~ Y OCl!r aDd 
I I 

aome may ac& Jlve u.y lnformaUots CliS beth X' $!14 T. 
I 

I 

Base<! co tba avallablllty oflafol·.~aUOD, the. PSU's casa 
I 

conc:e~aally bo clauUied lato 15 atma aa,followa: 

Ngm'b!' Str1ta 

1. 

!. 

,, c 

41. d 

5. ab 

De!crlJ:tlpA , 

C:0111lsta f:J. PStr'a ln whlch aUSBU's glve la.fom\· 

atlOD Oil Wh X 4Dd Y, 

Cd lltl f:J. FS'O'a In whlch aU SS'O'a glw 

bafomaatloll oa X OIL!r• 
Ccas 1at1 ol P'St1'• Ill wblch all SS'Ctta glw 

lafonnatlcla OCl Y ODly. 
I 

Caullbl of PSU1a Ia which all SSV'a dGGGt glw 

&Df IDfonn.tlorl OiaMr Oil X <# OD Y, 

CQIUJ:ata of PSV'a Ia wlalch 1011111 of U. SSV'a 

alw IDfonutlc:A oa bdh X and T, whPe tbs ceat 

ol SSt1'a glw lalonnatloa OD X cely • 



N9J!!bt• §!qla P.asrlptl!ll 

6 ac CGIIIlst:a fl. RW'a lD whlch aome of SSU1a nply 

for 1tCldl X aad Y • w~ the zoeat of SS11'a give 

Jafonnatl• GD Y calf. 

' ad Coulata cl PSU's Ia whlch acme of SSU1e glw 

Jafol'mllt lea ciO bdh X ud Y. whlle thlt nat of 

ssu•a doaal sl-.., laformattoa. 

-8 be Ccea'-ta of PSUta Ja whlCh aome ,d. tbll SSlJ'a 

' aLw laforma&loa ca X aDJt whLJo the nat d. 
,j 

ssu•. reply tor y -·· 
I 

9 bd CQIII!Qa of PSV'a I.D"'hlch •• of the SSU1a glw 

lafo-nnatloa a X GUy. whlW-the won do 11~ glven 

.., lalOJ'Dldlaa• 
I 

10 cd Ccu Lata of PSU'a Ja whlch a ome o1 the SSU'a 

reply for Y oaly whlle tba reat do ad pve aay 

IDfonnat loa. 

u Ccealata d. PSU'a Ia whlch aome of the SSV'• 

alve lafolmlliGD ca bdh X dd Y, acme gha 
• 

laformaal.- • X caly, whl .. tile rest o1 sstJta 

reply for Y CllllV• 

lZ abd Coaalata d. PSV's Ja whlch aome of the SSVta 

reply fo:r 'bc*h X dd Y, acme fo:r X UllJ, whlle 

tba :reat of. SSU'a do aot sln aay lDIOl'mdloD. 

elthu oa X orca Y. 



Number StWa 

acd 

14 bed 

15 abed 

·15 • I 
\ 

DeurJ.Blop 

alw iafol'lft8tlca oD Wh X ad Y, aame I'Oply 

lorY oaly, 1IPh1J. the J'8ft of SSU .. dQDc:t slWI 

aay latorDllll.lca. eahe .. OD x or Oil Y. 

c .. late of FSVta Ia whlc:h aome olthe SSV'a 

,1 .. IDform•lca oa X ca11. •omt~ oaY GDly, 

whlle the \'eft cScact P" aay IDfOJ'ZDI.tkiD altha I' 

dl X 01' ca 'f. 

Coullta olPSV'a la wh1e,h aUtbe,fou poaalbllltl•• 

aJ'8 tHI'e, vt:a. aome o.ftl* SSV•a teplJ' for Wh 
I I 

X ud Y, •oms &"eplr lo• X oaJr, aome Mplr for 
' 

Y •IT whlle tbt &at A!oaot smn uay JatonnaUca, 

eltbn oa X orca Y. 

A.ftel' haYiq cla .. lft.dtllea PSV•a IIIlo 15 atrata aa above, 

let ~ dQGte tile a\lmbel' of PSV'a la h-tb atntam (hal,!,. •. 1 15 ). 

Let ~ <1_. tha umh ... of SSUta fa tbt loth PSV of h~h at"-*am. 

( l • 1, z, ••• , "h). The .. coad atap aaJP ..,. aelectecl at nadG&D, 

wJUt. eqUal pvo'bal»Uity wtabo• Nplacem .. , fi'GID each PSV. ~ mhl 

l:le tile eamplll eb&e at tlw .. caa.d stqe uawafum Mhl' Tbcae,..mhl 

taltll c:aa apiA lte clalllfW lito lov eta-••• accoldlag as w~., 

the SSV st.u laformaUca oa '-«*h X aad Y, X caly, Y ca~r. 01' doaa& 

''" aay lafol'matloa el&bn oa X o:r GOY. Aftu tlw ul&ll ue thUI 

cluallled, "' mw. ( k • 1, a. 3,. ) daach the aaml:le• of ssu•a, 



- J6 .. 

'Oalta rea paQd f~ Wh X aad Y 

I laU.. Jut tbzee cldua, aac:cad ~mptw~oUI provide 

Wormatlca • 1M character whlch c:ol&ld aot.V.••cot:ded at the""* 
I 

I 

u-.mse. Ott fll ~Dt.lz u1ta wJalcJa rea~lol' X •lr• cbaw a 
I 

.u .. ~UDPle fll -\.u •lh with eqUal ~~lll&y aa6wltbott t-eplacemu& 

fo• meaaue._ d. chal'actn Y, SlmUbJr oat of mlialS Ulllta whlch 
I 

nply for 1' eaJr, 4••• a • u a ample ,Ot mbu llll1h with equal 

p..oba'Wlltf ad witllom npJacemellll fol' meaaanm-* d. cbaractat X. 

Oa& ol m1a14 aa1ta wblcb doaot ~pcad 10" aay chan ct..,, dnw a a\11» 

aamplll d. ~4 .a• w~ eq1l&l ~ ad wlthcnla nplac.emeat 

aad meaa~ X IIJid Y oa thaaa tmfls, 

Notatla: 

LotN 

• 
.. 
• 

'l"•al DmnlMI' of PSV'a Ia th. pep\llatloa 

Numbel' of PSU'a selected bl tbB aampJe 

I 

Nil • Rum.ber d. PSU._ ID thl popalatlaD talltq lll h.eh auuan . 

.DJl • Numbel' of PStJta Ia U. amtpht fal1las 11:\ both auatam 

( ll •11. z •••• ,15 ) 
1S 

aach that h,5 "\ • R 



·11 .. 

Further let 

(lol,Z, ••• ,~) 

Nh 
nch t!at 1: ~l a ~ a TG&al aumbear fl. SSU1a 1D the b-tJutratam 

l=l 

15 Nb . 
and E E ~ • M a TcQl ~:r of SSU'B 1D tho PopOlaUOD. 

hcrl ~~ o I I 
Abo Jet ~ deall&e ... aqmbo~ of ssv•a oc& ot·fllhl. lautq JD 11-tb 

I 

auchtbat 

claaa ( k • 1, Z, 3, 4) I 
I 

k o 1 deall&ea the cla8a of SSV•e ~htch repfY t~ bdh X ud Y. 
I 

k oZ deactea tbo elaea of SSV•a whlch reptt lozo X ODJr. 

k ,. 3 dellctea the claac d AJSV'a wh1ch replv lor T Gilly. 

k o 4 deQ~ea the claes of SSV1a whlch dallot I'Oply lO# 
both X all4Y. 

4 
z~lk'"~l 
k~ 

I 
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{. 5A !V PL. €. 

t1 0 Sv 

I 

r 
n 14-

nJ 
IH 
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I 
I 
M~, ssu 
~ SAIVIP~t: 

m tt. 

n,s 

r--~ 
_l __ , -~--1 

hi ... 
nL I 

rn .,11-2 (f) h '3 

I 
m..~, 

1),0' 
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l'!tf.mtt• pf fcmtltslC!R Mty 

(a) ctamttv: 
Tblt •tlmG• d pop.Wicla meulo'l c:ha'lactel' r caD be 

obhlMd br tbe foUowlq •tepar-

Step •I 

strauzn 18 glwa .,. 

- .... - -· n ~u 'iul + ~a .,bl! + mw 'b!J ~ ~ • .,hfA 
•w • I 

~~ 
I 
I 

I 

I I 

.. kJd ~.,-~u ;hll + ~ i hla + ~~~ 1w • raw. '111• -
\ 

II'Jatafbla-~4i'lll4'+ ~z i~2 ~izna.t• ( 4 J 

1 r ~~ ~1z ~13 11\14 
• - t- :Z: Y. + 1: Y' "" + E Y'bij + 1: 1 01hl J~:~l bij ,t=l - J•l J•l b\J 

whe" ybl = ~ 

Step • D 

••••• 
( 

(1) 
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" IC 15 ~ ""' -y •• • :& ,!1 ~" • •••• ( J) 
GMo hal 

1\ M II ... N~a - -B (Y •• ) ·- :Z: B ( :& ~ Ybl) aMo b•l Rh l-1 

I . ' 

.. i.. 'I 
" I 

Htace i.. 18 aa •1tJ.a•ecl oattma Ql. p0pJJatloD awaa fOil chuactel' '(. 

ud -

, I 

I 

I 

I 

Pr~•dhla no 1la tho ~~o ot d\a11ade:t Y., Ul'l w'>1aeod edla1ate 

A -x •. 

- ~13 ,-· - ) ~4 ( • ) a Jl + - lilt. ·- - JELI<l • - - -Ill ~~ lW ...... ~~ .bl4 - :ahl4 

I 
l 

xbl ·-mhl 

(a) log C!mrapcnt Y : 

Wo llaw born ( a ) 
:;: N 15 
Y .... iii :z: 

0 h•l 
....... (3) 



A A ~ 

V(Yo./1) • VE(i../l) tBV(Y •• /l) ••••• 

••••• 

We ba..,. &om ( l ) 
~ - Dlaau • - ~Dad• • y =)' ... +- <v. -r. ,.m.. <i -v._ ..... , 

bl - IDJt.l hl2. hl! IU hl4 _.. 

• • 

I 

1 ' .z 
u;.t,) hl4y 

k •I.Z,S,4 

.Uaamlq eldk o e, l.e., ao'b1aznpli:Da &ac:Uca fOJ' ~ seCCllld 

att-mp a. caxne to~ aU cluaea. wo If* 

(4) 

( .. , 

A 

v( ~) • ( Dt; -~1 ) ~ + ;j-( e- 1 }{ ~~·:U,.+~Xb14~.,] 
hl 

• • • • • ( 5 ) 

2 • 1 -
·bl- 1 w, ~-



• 

WIJb UU., &om ( 6 ) we pt 

:;. N 151\ ~ B V(Y •• /1) ~~~ :& I: •wo 11a1 l•l 
( ., ) 

" 
We aow evalaato lb'at tum ~ ( 4 ) L o. V B ( i .. /i) 
We llave ll'om ( ;a ) 



"' -y •• 

1 ·-N -1 h·· 

- 22-

I 

B.ela•"'l aow till coDtUlloa of llad DJl ._. baw 
' z I 

~ N 15 r=. aZ - I v E ( Y •• /1) • T ...1 1: • '~-~ .J s., ..... • a.; h•l ' h 

Sol•lat••pante)flbe ponlca B.l.-~- ~J, we have 

...... 
Enlllltlq aow s ( a{ ) : - I 

B(-:) II V(~)+LE(~)../
2 

••••• 

V(a~a) 18 1w•a br 

V( ) 11 a(N•a) 
1tJa N ·1 

:. bcm (10) 

(I) 

( 9) 

(10) 
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.z ( 2 ) .a(N•) • 
~ N-1 

.•Nil [(N,.) (N·Rh) + (N•l).a~ .. J 
Ma(N•l) u 

• a. Nh N L-Nh ( a•l ) + ( N •a ) .] 
N!(N-1) 

••••• (11) 

• = 1 • 

N•a 
aad i'i • ---1 

'I 
' 

Wltb tbu• aUUCDpUoa ( U ) W.cCIIP'• ' 
I 
I' 

" a. Nh _Nh N•D J-1: ( a"' ) • L - (a 1. 1 ) + ....,.,..-
h N N N 

.".bam(9)aad(ll) ftpt 

..Unmlaa fwt1:au N to be "71 Ja•&e• we c:aa take 

1 - .!.:.! __:._ l Ill --:-
' u.tezo t~ .... m,uoe ( 11 ) becCJI1W• 

••••• ( u) 
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:. hea(l)ud (l<&)weaet 

" Rz 11 
v a < £. 1 q • -:.a ...;.. :r.: u• .. -: l) s.3 

•'-. 1&-1 llf 
( 11) 

..... _, fardtn 
• -:- 1 

(») 

(l'J) 

(e-1) ..z a -
IDtu ..,... ( 141a1z ""hl!f +-"''~41 ) J 

••••••• ,. (II) 
I 

Pl'.-:eedlq •lmllarlf .. lalha cas• til claahcibYo we 

&R '~ .... ~ .. :X: 

~ 11 15 z l1 15 1\ z 
v ( ~ • aw: ~a':l •~aS,:. + • Nl af..t fa~ llil ~ 
....... u. • ( ..!.._ 1 ) 8 z +(&·lL ( w __ .~~.z. tM •. 82 ) 

..... mill ~ '"hbl ~W - liP "lll3a ---.<& a.J.u 
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(e·l) a z -
.,. m Jr.l Mill ( Maau S b13.x + 14~4 8bl4x ) J • • • • • ( 19 ) 

Eatlm!t• ":far'••g : 
(a) CJ!aya c;tu v 

W• Ia.- from ( 1? ) 

••••• ( zo) 

TofJad a&bollte d vubace, ._ otll~llleatlmat .. fp\betwote~ 

of ( ZO ) ••SJPatoly: 

1\ ' 
( l) Eatlmale of E ..Z1 1£. : 

l•l a ·JUT 

( 

••••• ( 11) 



·'Zb· 

Deaa&e a! .. 1 
ny ~ -1 

' 
( u) 

let term: 
" "3 A & 

Welulow V(Yhl~) aSCYhl/"b)-LE(~/~)j 

• :!.a A " 

•. E(Ybl/~) • V(YhL/IIlb) +CE(Yhtloh)Jz 

••••• ( u) 
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)' 

• • • • • ( Z6) 



CO!t o( the SnmX : 

- 2!.8 • 
CRAPrER m 

Let C0 • Ow~rbead coat 

C • C01t pn UDlt d. llsUag aad pnpulog e. frame 

cb • COlt of OD.QDlCI'O.tlllg a lmlt lolr chuactOJI' B. 
tbe ll.rat attemJ$. 

COlt of .,.qmel'atlQa a 1mb low cbue.ctu 1' at 

tbe flftt O.t\o~4 I 
I I 

I 

C01t of omuneiatiDs a 1mlt lor chamc.t81' X at 
I 

tbe Ur;ODd ~It• 

COlt of ogqme\'atlaa a 1mlt lor chancto• Y at 
\ 

tbe eoc~ aUemp. , 

* WJththeu lkltatlou, tbe t~al c:ost olthe auvey, c , c:aa be 

c: • 

wbed _!_ o I e 



• Zt • 

k • 1, a, s, 4 

15 HI!. 
wlilne U, • :E :E ( ~2+ 14w4) • Tda"'hmbn elalb lathe 

b•l 1= 1 pepala.loa wlalda weald aell !law 
na paaded fe• chuac!.., 1' o 

• 'f.cialamtller of \ala Ia tlila 
popalatloa wblcla woald IleA haw 
napoaded fo-, c:bapc::tow X o 



-so .. 

Wltlatllla, 

• •. +ala+ •z • ,_ + •s • '' •••• ·• j!l) 

wblra a8 , a1 • •z , a3 are c.-tllllh. aad an Jl"D 1llf 

•o • C:e •1 • C 
I I 

•z • ( c:lx + clr) .;o' •a "'j-fr! [c21 My+ C:za W.: J 
I 

I 
' 

- I -'l'be nriaac:e• cl Y •• dd X.. t:u M wl'lttQ Ia tM lollewlq 
\ 

,. I 

•lmpllfled fomw. We Mw f~rom ( 18 ) 



••••••• (Jta) 

...... •ar 

N J5R~a z ' a -
•zr • "t • "'il'Z L "£ E (~z 's ... ,_ ·~• sll4 ) J 

0 llwllel /;-MJ ' 

I 
" B B,_ Is .. _ - oz ~ /~ StaUfarJr V (X •• ) •-+- +- .. .. .. (lt a) a _.. ;'aU 

N ·-wz 
0 

; 
f 

Ia tlale cue, .. Ia cue fll aa ~laalf nro atap ctaalp. S.n, we 

haw two nrlaace faactlalu dfl all8 cemJalaed can factS.. 2 we 

bep t·we oftllamfldcl ud mlalmlae the tbll'd _., Uao .... ._ 

oliCalae-4 may aat be ec:caomlcaL Blace, we •W dlecatd thla awtlaed, 

aad leelr lo-~ dlae1' mailed• ,.., elltetama t:bo opU!DJJm Yallaea. We wlU 



• sa. 

could .. twedUfenat maW. IOJt e'*alalastbeae nJua. Till 

utility ahuoo rualta wW <le.,.t • U. vulolll altadiGIIB tl!d 

(a) Nca·'jpnr Pr01pmmla• M!tho4 s 
Sappoae ._ deflae tblt oP'BMim valu.u ot a, "eacJ I .. 

tho .. •ldch wUlllllalml .. tbe cost of tbe •unrer aadel' the ~Jal.-a 
" -V (T •• ) ~ vl 
A -V(X .. ) ~ y a 

wJiaM Vl aad V& alrtl flsed C::OUtall&fr 
I 

( l) 

I (U) 
I 

I 

n. awtlllld of aoa-llaelll' prop•mmfaa c .. be applied 
I 

for olltallllq tJia aollltlcla. Tho .Um atep l.a to oll&ala the valoaa 
\ 

of a, ). aad I wtdclt will mlalmlse the coa~ fl tile ••""7 aa1n 

tllie eqtialltJ el caadltlcla ( l ), Lo. aadntlle caadlllaa 

/'<. 

v (i .. ) • v, 

Thl ftlllla obt&laed t!ml, an tbea aubltltated Ia caadltlaa ( U) 

to ... U It Ia aatlafled. U t.1a1a lo aatlllfled, tM akn va!ua of 

a, ). and f aM tba oJ&Inmm valuea. ( 

Ia utl.ali.Gd. 

tbiM Ia ooteasllale eohltl011. 

' 



_,,. 

&:I•*IIDI•. a lt po~~adtlt to alve welabt• to tim two 
cllu-aua eccardlq tethell' ecOICII'Dio lmpaft&DI::e. Ia eachc:uee, 

we caa be••• a camltlaed .... aae. f..Uca br weqbtlq tile two 

VUiaacM wJ&h U.ll' l'etpecU.- ......... II W, ( 1 • W ) an t!ae 
" 

- " "' ., - -V •WV(Y .. )+(l-W)V(K •• ) 

Nt111,. ml•l• .. • tlda vuluce ,_., ffJ' a find coil. 
I eakrW'sn, o•lmm J!lwt I 

(a) l!•-' b?!! Pr'P'P'm'" Met¥ 

pra11118m. w fb• dltala tlle ...... fla. '-• I wblcla m"dmln tlle 

•JrP~tCt .. COlt udel' the ccadltiGD 

~ Bly B!x 
• + ~ + all 

p • v1 a ( c ·•o) 
B B B 

a(..!![.+~+ !z a a'- aU 

a B 
+ Z Zy +a...B U+a..B I I -;, ., -., ly 

I 
I 

a B 
•<•a•.,•azBa,+a,DZy)+( \" ••aBa,\) 

+<•zBz,.+•a•ar) + <a18~ + •s•otu > 
I '-I 



~ I - J LJ I - 21 
•J..e+(ft-~.1\) +(fi-~J·) 

+ ( .to, - L~ .fit )I 
_/~1 

L~'·•s.., 
I 

t6 w1n 11e • ._ .. all wMa eaek .,,._ •~• tel'm • tt. w&&M 11111111 

eWe ttl ... ,. ....... l• mtatm.an. ~ 
I 

I 
• 

• • •O 

I 
I • Lp./ Lz 

...... , . 

\ 

_r-;BPJt 
111 ----

.1-:,~»t, 

• J•t•zr 1 

.Ji;B;, 

........... u. ...... , ..u ............ - .. ,. 
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Let MW + l.\t• • ~J • Tctalaumhe~> d SSU'e lA l1h PSU 

d. h-th l&:rat~~m whk:h daeci "At,_ y • 

• • • • • (so) 

T ... 1lr ......... the 't&llll .. fl '..S I hem ( Z9 ) u4 ( 80 ), ..... 

•••••• ( 11) 



T .. value• oll&ala" Ia ( 29 ) • ( so ) aad ( Jl ) an tallea u tie 

OJ&Imum wlula U tllay utlafy the ooaUUoa ( U ). If It 11 act atld1e4 

t .. a we flatS till oJ&lmom .a bile ~ b, '· I wblch miQlml•e tile especte4 

coat _... tbl cCIIIIIIat.-

a .. 
-+ • 

Taklaa II) = v1 X ( c - a 0 ) ad pw~edJDs uactJr ID tie u~n 

way aa above, t .. oplmam valueo ~ "- l, I ale glvea _, 

..J5Hh , /a -
Qq,l. E :r.: (Mhl- ~1 B J 

.. z • IP.,•Ual ;' ... ., •• •• • (J2} 
,. _15 1,5H . 

(C:,. + Clr) Mo.£ E NIP.~ -2l zh Mw 81 Z~J 
ho:l h=l l=l 

' 

T .. a t .. y&Jau $11Pbaed Ia ( U ) , ( IS ) aJI4 ( N ) ue tile o]ll.lmam 

valae•, U coa!IUoa ( 1 ) Ia ntld'led. OtMI'wlae t .. n t. ao feaalbla 

(BJ) 



( It ) "rt'gl " "''""*' 
- -y • , ( v ('f •• ) + ( l- w) y ( x •• ) 

B B B _B B B 
.w£-!!L+...1f_+ ZX J +( 1-W)L:....S.t .. • z.J-a U. aV • _. aU 

' 
~ 1.-w•J,-t 1· w) •za J 

I 
I 

01' v • I 
I 

I 

Alae .. 11M C • a 0 + ·~ t •a . a~ + •s a U 

.·. C::·•. • ala ••a•~ ••,at.t 

fl • Y • ( C' • •o ) 
I 

K ~ K 
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ID orunplo •uner p:rac:tlce, DOG~eapoiUie bom •omo f:l., tb:t 

eampllog Ulllto l8 cl commOD occ:ureace. Thla problem of 'llOG4eapaoae• 

OJ' 1 1Dcomploto aamplea' 1a moH commO'\ 1D •tllDs EDqu~aoos. a If 
the QQA...-elfpooat 1a coaslderabJo tho eetlmates obtallled OD Uc basla 

ol the rca Used aample may QClt treproeod tbo characterutlcs d tb:t 

emlre popqllltloa. Tbe only ,qy to mtalmtse 01' ellmlante bJaD ls 

to have 'caU·backa1 oD tboo QQQ40epaad1Dg ulta, oaco fit more 

I 

VUI.oua at1eml*• have been made to dew lop eultab~ pian ~ 

aoqaby, which wW take beth blao end tiM! coa& ol the 8i.1.1NOV lido 

cauldel'atlal. whau'lew a p:robbm d. 'aon"'feapaaao• uleas. Moat 

of thew ork tiM !&a beeo doae ID tJ:ds dtrectloll de&J. '!l'lth ldllsle 

atage aampUQg u1 oae cbu~ QQdor etady. The ~ tboa18 

deale wlhlho poblem of noa40Spon80 Ill two .Use umpllog Gild with 

two cba.actolrl -u atady. 'l'b:l JiWOCedue ct:AS1sta IG classlfy&Dg 

tlut fbll aample cl PSU'e ID&o IS Sbata oa tbe baala cl bda:rmatlco 

aappllad by SSU•a. The final sample rl SSV•e 1a agalD cJasslnod 

IDto fau claasoe accOifdblg to tho IDfOI'matloD aapplled by thorn, 

e.IIJIIfeaalclaa IGJt vulaaace a.ad esttmato d. varluce baa bee derleved. 

A comblaed cost lallCUOD hu beelldo.elopad, to determ!Do tb3 optimum 

alaoa ol Mmplea dlfawafroin tbo diffeHDt claaaea. 
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