
Onit 
Roatfo Estmetoys 

Datintion anc Notoction 

the the valua a ffe chetcctedtias undesud for fie 
9unit R pepuRortion. 

Xt tFc value tfo auxt licou ohavccteusties on fre 
8ame unit 

y thic total af choacteui tes thio poprullation 

-trio totel af chovactostics To Populotton 

Tho Yodio f tho populection tota 

R 
Ov nean af choorcuctwrte y and 

P he (ovelott on Ccetctent betuoecn anc h 

populoti on

The Yotto sttmottO% a Fo poplatton ctfo R, 

e totoal Y, and Te mean y, 

9/5 

YR S/4 Rx 

YR 

Bias of Rotto esttmotors 

Btasecl 
Estimotors 

ae to be usec Dhen 

Tee cao tonponctively moveeficien& 
eve Con bee 

hose 
hony UoRtioctions 

oe one cocilcl ke to tae Buch 
mon 
esttmotors in O de to Obtotn highe pxecision Loithouctt 

Chargig io cast 



Thoovem: 
Ih &mple Yandom s0amplia tho bicus of trla Yato 

xtmotor R onb 

BCR- ov CR, ) t 

CoV (u,v) E (uv) - Elw ECV) 
ol ov (R,R) EChx) -F() E Ce) 

E3)-E (G) ECË) 
E (7) ECR) FC ). 

- ECR) n 
tov(R7)- (- ECR) a 
Cov (R, ) 

ECR) s 
R-ECR BR). 

(otolloy 1 

BR cY ) 

CV enetetier Coelficient of Ycatdion, CY 

(prolcoy 2 

BCYR) X BCA) andl BCYR BR). 



hoorem 2 

ST he st Cppyeximation to te Telatve 

bas of 12 Yatto etimotor în imple rdom arpurg 

wOY, gven by 

BC CRSPs) 
R nxy 

ohove C= S 
Ceictent of voviction arod y yapeetivek 

Hee

y RR 
X+ (-XR) 

Expandlirqbyatuglor Aeies e get- a 

R-R 1-R)1- 

onorire tRoBecond ano ovde ovddo 

-R EY R5)-E(-R(-3) 

E -R)Y-R o vexpectiey 

F (-R ) (-) FLT (R)REi2 (-)? 

ECU-V) -)- RE () 



Y 

E -7) (R-3 -R E (R -R 

( Y (-) R2-R2 

2(- (3r-9 
n S S 

RER 1- e PSS R s ny 

BIR ) 
n 

R S P Sn S 

P Sx Sy 

PCxC 



Approximate Voniance Rotto Estimater 

Theorem ; 3 

In Tn SRSKlOR kxrge n YCê 1-2 (37-Roq 
N-1 

E EC3-RR) E (F)z 
FC) 

F-RR 
2 NCR 

t u r - Rxi 

ot 8amuple 

V Y-R doY Popilatlon 

R 
YCR) E (T-V) e 

n SRSAIDR, vCY) (-4) 

leve S 97-y) 

N- 

YCR -4) 
N-1 

( Rx) 

e N-I 



COROLARY suisrdo 

N (97 Ract ) 
N- 

vi B 
N- 

Mecvem. 4 
Shoo tRiat 1st orde approximate vfan ce a R 

CCun be expreseo 

YUR) h2 1syRs 2 RS Sy) 

iR L cy C- 2 P Cr yJ.
n 

Smce Y R 

Y Yr-Pxt(y-)-RCt ) 

Then 

nx(N-1) 

n EN-1) 
N 

-2 R ( Cyr- 

2C-y 
N-1 N-1



VCR h 

hen 

YR 

N Rx 
N-1 

C2 tyt-Ra 
h N-)

Y- Rot e (Yp-y )- R (p-R) 

NoLO NC) (H) t--R(z-2 

14 - Pa-3 

nR2(N-D 

nN- 

N- N- 

2R 2 Cxt-R) (Y:-Y) 
N-I 



4pe n2 S + S 2P S R Sy T 

2 
h 

( 

n 

(oelico )A-- 
vCYR) s'y r°s 2Re S, SyT

Covolloy 



Koto Estmotors In Stratiffed Samplirq 

Sorerode Rotto estimatoy 

m m ve a 8ample totals în 1P 

strctumancl Xm & z m Stvcotum total m 

le loftne ffe estimator vs(s or epzete mau 

t. Xwm 
m m m 

rahai 
Theoven: 5 T 1Re sanple Aize nm cnelnee m all strata 

Btrctatum, SRS, wwOr ddorne incRopenderet y coltfin ech &ratatum SRS 

sheo tot o blaseol esttmator coith raligible blas 

andits 3amplivq vcalcunce, al 

VCRys) NC(s n n2 Rmn S) 
we Rm Ym/ Xm and Pm coe true Tetlo anol toelfictent of 

Mm 

CoTrekotton, tesp in e mh stratum 

Phook 

RM m X 

BC9 
To vetaa 

Thoorem' 2 

pM m 

Ym) 

m 
h 



pleue 
N1-4 

domide2 
m -2 Rmm 

m m 

SmSon) 

CORIARY 
nrcdifiec tundom SUmplire,ooY 

atnestunblcusecl 
estBmotor vGR) ven by 

(VRs) Nm Rm xm 2Rm tm 
m 

ngm).dm 

Comainac Ratto stimator 
Ttcoas sumel, m case esepccde 

estimoetoN t hms LOene loge in ech rcetuum 

Hocaeven jtmay not hold gmcd alocuys în piactice 
d 

To oveNonma t diHiault aunien, Hoottz ord 

Gtrusna C46) 8gostel a ombinecrtio esttmotoY 
T 

Ypc ctor Combincol) o ple iom a Stsatefed 

populotton aR. 

St 

wheie 
N 

2 N m 
N m N 

0oe stimctecel bopulotion ans om a statidteol 

anyple ad X Ovenall Lotcel cf 



Theovem 6 

4 a totcl sample Bzen lge anc Ainple 

Tanclom Aamlirq, LOY, dore in each 8tcdum 

Tndcpendeantly,tfon Yor a toristent estimator and 

Samplingvcutance ven b 

Ve) N m(sRSm2 R fn Syn Snm 
m Im 

PooR 
Since R a Censlstent 

estimatoY, Yee a latio 

estimctor aud hoefore, 
also a CorWstent 

estímotor af ie 

popkatfon totoul, to ciarive ts bles 

(oyl&tet 
estímctor ef ie 

NX (st - REA ) N(Jt Rst ) 

YRcY 

let us dottne a verlote Um= Ym Ramj 

a- Rast and 

El-RE(1-2) F. (-x- ELT.(a-%)T 

F l-Y) (7-) CR-) 

E 

h 

M n 

n R 

V.z2 



BCYR) hm 

BOR 
y 

n) 
Mm m 

Ce-PGly n 

eN9Re) VCN CRe)-N V C 

N 1m) S' 
m nm 

YOR 

V)1- 

(-9P(-3 
nx (N-) 

Rlxt-) (y-y) 

N--2RS C Xy- 

N- 

-YCat-) 
(N-1SxS 

Pnasx CY)7) 

VIR) +Rs-2 R PS S4 



2PSnSy 

al o 
4S 

Snun Stn 
hm 

(01) 

v(VRc) Nn StRK-2R S Sy 
Thus proveel 

Conipavi& Dn eparate and conbinacatie gstimato 

V e)-YC Yes) N 
alarde 

Im)(RRm)So 
Mm 

m 

dulsda 2 (R- Rm) tm Sm Sun) 

Nin 
m 

+2 (R-Rm) (n Sm Sxm m Rn 3aim) 
pkely to 

Shte Re last ten 
smal,the right 8lle kely to 

positlve. 
Thus, fie Aopoocde otto extimatov d epected 

bYOVtle cfe scunple in ch Ate ttum 
be 
to be move

pecise provtelecd 
#e senyple in aach xtretum 

appYOxmate varfcunce omuula 
tobe 
cogeenough 

foe 
appexmate 

ance: 
fommula 

estmatoY tolu have a 
Comblne 

Vavicunce a 
Compireol 1o 

Thasepceeite 

oovnmes expectec 

to bo 
applied 

The 
Comblied 

extmator 
tolu have 

4o theA sepcmte estimato 

but 
iebios 

In 17e 
jovneyu 

expectec l be 

in tio 
latter.Unleas 

hc 
populatton 

Smalle 
than 

in e 
lattev. 

Cnles 
Tic 

populatten 

be 

liffovent stveta Vcvies 

Coyuldexeblt, 
tio 

Ombinecl 
estimato cotu tesualy hon 

precision 

ng ligtble bica and precdkiovn 
toll beax hiph 

Toctf'o 
Ct to n 

in 

c4fOventistota 
Vcvies 

CLaCy hove 

oll beas high as 

ohen the lina c 

THe 8epcrcde 
estimcto 

ncoses solon the lüne 

fRo Cin toRn 
epresslon of on 

posses Throtgh e n 2oRin 
Dn coeses 

thxeu 



each sctum fo separcte Ycdfo estimator will be 

prectseRan ie (omblneok oneHence tfe re mMoYe 

Ho cholce bettocon trio tuometiools hould be 
Re Baplo tctken frenm cnchtrctum u amei 

fhie Comblne d Yotio estimatbYr ghoulol be used unOEs fo 

aLolco clitereno betoeen oztrcte Yatios Rm. 

hhen tfeve 8uch liference andl reqreuplng e 

the stata possiHe 80 rot ecch group will hot 

der uch onol has olenge imple aize ,TRe sepcate 
shaulel be ged Tatto estinmotoy 

on thiosamles2e n cach Arottwm lcoge Ao fi 
fie appoximate vovance fomula con be cpplie cl, then t d 

bettex to cRee heepevate tio estimatev unless t 

Rnvolves extro Calculetion oDYk it cloes. thon ore Rhoudd 

make Bure of Tie gein betore cctuclly tainq t. 

8 Xm coe Knouon inodlapendlent y fom Stctum to strtu 

h Sepcote atio estimatov may be useol as a method 
tc egtimatoy, becones 

esttmation klhen XmNm. h toybgcones 

equlvtuent to tfo strottfiecd etmotov ardl thee & no 

problem fbiok om ticxe extimates. 

the Scumpunq units aYe te elomentary uni 4 
and th clenomncrt oy c the Yctlo ua 8nply the number 

elementarg tunit in the 8aple hotR o rtimatos 
ow unbicxeol n such cues t ertimator shoulol be 
chosen by constelovatibh ct Ro Vovlthce. ancd gain to e 
cbtainecl by Btr 

rbis 



kgretston stmodovs 

Linaas egreston estimotos also moke se c 
rectsion2t coos beenthat 

auxillcory ntomeatton 4oY Incveasra ecisioh 
tcous been tiat 

precge estimote f e 

tro cto 
estmottr provtdles o pecuke estimote qf 4he 

popuWati on moch 4 Yegsesslon urGc Cunol tRo Cine does 

sttmotor 

not tauh e crgin,t 
bette to Ue timotov 

tfier coools, HiRo tucl 

basecl on 
recey Yegveelon. 

netfier ccorcls, HHo stuc 
better to uxe 

not 

Vcr icute (y) 
&appreximortely 

a rR tount and a multple ot 

pecse to stimcte the 

The auxilicry 
Vcriate, it 

ämove pecise to estimcte tfie 

populatton maan Or total by ting a liroceL egreeslon. 

Buch 8uch an 
extimator R allec a Keqrexion 

Estimator. 

DHeence stimartoY 

Jet y cnd be Coelateo chavacteä tics, to 

stimotte y, om o S SYB, toe obtain he unbiasec 

estimatoY and af Y anc X Yepeettvely fion coe ancl XvespeetiveluRon oe 

Ccan mpyoveupon 
The estimottor 

Intreduicin9 

diterenceunction 
us a Anpe cliiference etimotor 

clofinocl y 

bntreducing o 

asimple cusjerence eftimotor 

g4(- ) 

Cesumee 
tiat iOre a unit ohago in y ohen 

o aurd y having uak 

a 
unit charge a mode in o orely avirg aquaP 

VCYicun ce. 
Ths auBumption 

not be valtR the 
Cohore C k 

Yelctionship 
fs o e C 

BtimatOY dlotina 

Oe 
corestants. n Dikerence 

Ck 
ekroon ucn tities 



hooren In SRS Loor, V ampll vcouarnce o n 
otaùrod sy 

tohare C oma speced qucuntty 

8ince c a en covstcunt and E(%-)e.0 

TO unbicaed of 3p proved 

-cC X)ls 

2ct 

OhaTe 
(ur- 

CN-1 2a 
2 

N-1 

Eg-- cC-J 

N-1 

NA 
2C 

g- 



191-91 t- c P Ss 
N- N- 

cS RCP SS 

Hance Proveal 

Corollaty 
for te ose C R:x). 1Re vclance fo 

dikference estimatoy D exactu Some ag Tie 

rst ovele appvoximation o V yR) 

1-4) sy+R's- 2RP Sn S 

&Lc+ c- 2P C 

2 n 3RS,o0 an wnblcuse d extimator V UnD 

d9 Oltainocl by 

vUp )+ cvCT)-2e Cov (,) 



Kegvee ion stimator: 

b hile clocuSsing Ho dprence etimodtoY, tcoo 

Seen hct Ae opttmium value to be gien to c B 

Whcre B o Yegreston CoeRficient af arel 

Gterorally, B hot khoon ih Tio odvcunce ancd its Yalue 

estimatee fom Fi Sample, Suppose : ard ; 
Obtauroc joT eadh unit at tro Bample fon a lecut 
SucYe Ostimete of 

b y Cxt- x) 

(x- 

Thus ircco Yegresion estimotoY oftRo populartion 

populc tion mccun given by Can y CO 

+bC- 
N4b x-) 



Thovefove, coe sh@l present tRo taory of lirocou 

9egreasion extimatoY ony: Snce b ndom Vcrette 

exoct eplesion of tho maan ord Navian deof The 

qreson tmator ae dittaut to dlevive arge sample 

approximation to its blcs anc 8ampling voicunce coill 

be gven 

Bias fkegreslon Fstimator

Tho epresion stmotor bicoee nce, 

B gencrally estimate ol tetirg oTati o of the 

estimabeCOV (y ) to hot YC) 

ID 2 2 Involves the poduct of Varicbles Viz b The Viz b. he 

bics Yegrelon extimctoY toilL LURUally be trivla ancl 

8ample ze increcige 
iU dtecse ds 

hoorem 9n SRS tho blas of U: a oDpIoxinmate 

BI) Cov (, b 

klhich otll be ag lgi ble ithe sample ize u 

Suppoae y re 
xCl4 e,) 

bB C+0.) 

COhore 
Ele) - Ele, ) = Ele,)=0. 

+b(R-) 



J YC4e) 4 BC1+ ez) (- x C14e,)) 

Ytey F+ Be) (-ie) 

YeY B-B Be+ pea Bea 

Be e 
YA ey-pe, pe,ex 

-Y+ (ey e ) e,e F 

The Theplcs etimatew egreston extmotor 

BIE Y Ete8 Ele) Fle,e 

Bly) ovb Fe) -Ele)-oT 

For cooe sonples, CUSMally cov (, b)ielonees 

eomes zero o olnt listvibtton of yondlx 

ds abivemiate nomal 

Samplr avicnce Regrexton stimatoY 

Thoovem 
Vavicnce 

n SRS,7he lope 8mple verable 

af tRie regexsion Cimator 7iven hy 

y ()(�)+ BVC)-2B cov (y). 

Y 4ey (ey-ei B 5e,e p 

ey e Bx e e Bx 

inyoving e,e u anovlva c0e hove 
fo term 

Y ey-B 



Thoveove 

ENey) +RVle7)-2B ov (ey, ex) 

N) N9)+BNC )- 2B Cov C,). 

Combnoc toifi tho mocuh pey tunit cunc kortio 
stfnmators ond kctio esttators 

gi2e n, Tho voviaunce 

fo a (oge 
emerssumple 

gi2e. n, Tho VCMicunce 

oY PauAimi extimoto ts of 
Mopopuuaton 

mecn y, 

Cmacyn po unmt) 

Ye)- S2RP3n Sy+PS5T 

Cvctio) 

VO Li) s, Cvegreslon). 

Pinalu Pnally 0ompcttrq 
0thtRo mecn 2 unit etimator, p unit ettimotor 

0e observe thot he 
VcYlcunce fie Yeqveesibn extimatov Yeqvession extimatov 

in CceseP=o tRo vCNiction 
aluooysSmallew wlessPao 

auoays 
dor oh cre qual 

Tho 
reclection 

in vamicunce lcc 

8male 

LOhen P high 
ancd Smale tolon P loo 

Comparing 
Noxt COlT ho 

ohon P Loo. 

wher s0 caiulao YCtto estimetor, it 

an be iseen 
hat h 

vviCUnces th erexion 

cstimatoy 
loLsthn iat ftfo Yatio Stîmator t 

(PS-R3,6 

BR)o 

ohtch alou truc unlexs B- R. n R 

have 
Rituction, 

both 
stmatoS fave The 0meNatl once 

B R. Pn th 

SOeNaVi ance 

cohon the Yegteesfon of 

and 
OCurs only cohan he 

egtesionio 

on 
o 

ls a 8tcught ine Yough va ovign 



To lonmporrision BUggexts That all Thore etimoe 

holbrao he das ttmmtovs 

CDheve a andom Vaviate hoviva &orte Valuos In 

aite rg 

Sne miles o cholce ano cltemartives ore 0s 

Aollcos 

.khon advonce inabtmoetion on an approximate veulue value 

af BCec5 avculo ble on CoitR mple comprtcatione 

geccl YeRults CCn be Oblainecl colf uch value ofe 

LotR rio itfevence etimortey 

2. lhan o conelktion (oefticient bet.oeen NotcH 

ncaYly equal to Ro Yatto offica D P 

tRe ierence estimotov bth eEl tottt Cttaun euall 

precise 7esuts as e eresion stimto 

3 
heh 1o COrekation Coegictent betoeh voviate8 

s yccry quotion o 7he Yotio of ho coefttdent 

vovlctHon o, P C , Re YOrto estimotov Lall 

povide eicllypecise Yesults as he reqrexion 

C&timctoY 

hon P lifPevent fom /y o vepreuion 

Ostincrto Shoulo be preeweol the situation, 

e difterence estmatoDY otTR CEl Cnd ot provib 

precise eRult 



6 Ohen P eliffevent forrnCxlcu tRo vegresxion 

estima tov Bhoule be prejenecl th 8ituation, tho 

Varante otRo Yatio ertimatoy oill be logo than 

That of Yegrexrion estimatov 

lhen 0omputotons tov e vegveslon extimatoY COe 

hoa time 0Orsumin QNd expenkive s tse8 uR 

Yecommendeol enly f the gains om 3uch 

Computotions 
cole 3uch move sgnicont 

than the 

adldrtonal lcexd 

than Re 

Rogression Stimatos n atifiec Samplirg 

7- 
Nm units SRS tOOR ke tho ratto extimatoY, too 

Seprate Yeqrexion 

- Yegresion 
coe 

possibeSeprcte 
Yegrewion 

Estimortor -
The Combinecl Yegrexlon stimatoY ohlch 

oblaùcl bq gettina 0ommen Yegreion 

Coefficient 
Re Strcta 

Sepcrcte kegreion stimator 

Theoyem 
8Cumpirn9 ls Incepenckent n lèfferent n dofferent 

w lcoae. enough in each 
8trcta cve scumple ize 

lcoge 

sratum, hen yts 
biteek, ucn almost 

0Ycle o opproximatto 

unbtasecl stimcrtoYTo Tre 1St OYdle o approximatton 

its vcricance gven 

U- fm) s- 2bm fmSS bm Sm 



u yba-7), - bC-7) 

y-b 

N-1 

Y-L(-57 

N 

-
N-H N-1 

b 2(- -7
N- 

Sw 

a uu Phoved 
d 

2 
a 



Conmhrocl kegres lon Fstmotor: 

D Smplirg indopenddent In dlifferent Theotem 

stato and Bample Aize 13 loge encugh in each 

shodum, tRo Vovince o gven ly, 

YU) (s b fn Sypn Sm+ b'Son) 
m 

The proo pevious thoDverm 

EstimatoY3 

Copavislon cf lomblnoc arc epaiate Estimatos 

he8epcNate 
OY 

combincol Yegveslon estimetor ls to be &ne aution requlrecl 
tohen olociclire vohethe 

estimotor is to be 

situation The bias in 7ho 

Usecl et an 
6pecific 

tuotion,The bias in tio 

sepmate Yeqression 
estimctoY ls utely to be loge cohon 

On tRe otfo 

Bample Bize n each trotum d smale.On TRe otfo 
icely to be lng cohen 

Blze 

hond 1Ro Sofect o t 
Combired 

estimotor that ft 

Vaviance 
nfloted, 4 e populotion Yegrewion 

Coeff. differ iom 
stratum 

tostrartum, 2 he 

egreslon 
cole 

approximatey 
roc andl tRe Tegreion 

Oveff. appeco to be 
hosame în all Strota, Lse 

e 
Dombincol

Yegrexsion
stimatoY pre Df +he 

but tRe Coeff. diffo fom 
YEgyezslon 

coc inoco 
but TRo Coeff. liffe Rom 

sletum to 8tradum, t 
cclvisable to adlopt hRo 

Tereklor 
Sepcncte 

estimatbr hogh ho Beote reuion 

etimator 18 cely to be move etcent thon tRe 

HFo otte 8 kelu 
omblrod resion 

estimato Jctte btelu 

do heve3molle bles 


