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Generslly theoreticians Geduce conolusions frém
po:tuleeeo;\whoroas experimantaliato infer condlusione
from observations. ¥Yor those who care to hunt around
and ;Qrgtaﬁ 8 point experimentsl muthematios is 83 o0ld
@s hille. The 014 teatament (1 Einge v1;m§3'ann 2
_chronlcles IV 2) refers to an enrly mathematigal
experinent on the numerical value of the constant , 1Ia
thia cmse the lpﬁnrﬂtua consisted of King Solcmon's temple
and the expepimentor observed its columns to be about
three times ag great in gecth ss breadth. It would be
nice tg think thst he inferred that this was & universal
property of circuler objeectss Dk the text does not say so.
The praagnc study coaprises application to sampls survey
tsghniquea c¢f tnat branch of experimant@l-iathqnaeica
vhich is concerned with exporiments on random numbers.
This type of experimentation hag heeun known by Monte-carlo

methods. ‘

The idea behind in these "Honte~-carlo® atudies is to
postulate a godoel and then to eonstr&ht one or more structe
ures within the wmodel by 2ssigning specific numerical
values to the parsmeters, In this maanner an artifical
population is generated which has the given features as the
postulated pophe In order to judge the relative pexrformence



. . -2 -

»
-

-—

of different sstimstors of the parameteps of bhis populstion
whioch in & way a sample froam the super papulaeion,k%nise
guater of repeated aaﬁpibl of different sissw arc’aelaétod.
For this purpose eatimate of the population mean aky - -
variances were computed, The :oaulufna traquehny
distridutions of difforent eptimators of the paranetsra
based dn vazying gssple sises are studied along wit b

the true valueg of tho parametexs, Those fnaquengy
distributions give indication of the gomparable efficienciss
of differeent estimation procedures,.

Ia the present etudy, four populations comprising
of 200 units esch weys generatéd {n such & mpenner that
the auxilery variate and study variste follows bivariete
norzsl distribution, with pre=ssoigned velues of means
and atandard deaviations of the two veriatee, The
.ganorated population h;s got the correlation cowsfficients
(F) vetwesn the suxilaxy end study verietss ranging
vetween 0,20 to 0,91, 4Actually the super bivariate
populstion was selected had the velue of F ranging
between 0,3 to 0.9, In one of the populations, some
of the atudy varistes were chiinged so as to introduce
a alighc.akawnasu and AQpartuéo froa neraailﬁy. ¥rom
sach of the four populetions of size 200 sazpling units
sach, 200 independent sanmples of verying sissa renging
Qegteon 10 to 30 ware selected ot racdom. On the bdazis
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of sach sasple, the population total weg asﬁima&ed by
the three prooccdures of oatination vig., aasplo mean,
rac40 and regression, using the corrosponding value of
the suxilory varistes in the cope of ratio and pegreaaion
aotinatorg.

In tho ahoonce of oxact fornulas of variance and
nesn ogquare errors of ratio and regrossion ostimstors
$ho procent study 18 aimed at conmparing relative
porformances of these procvdurasc of catinmation with
sapplo mean through conte~carle sochods and finding
cut thoir froquoncy distribvutiocn for varying ssmple aiscs,
?he study inter-afés suggests tho validity of comparisions
botwsen throc ostimators based on approximste forsulae
of tho varfances of ratie and pegroscien eatimators ag
as given in the ctandord bookss Those ctudies aloo
endblo us to oge s o how fer tho srproximate formulae
of variances of ratio and regressfon estivators casblos
e compute accurately the confidence intoxvals of given
confidence cowafficiont, In addition to thio otudy on
likolihood of making s wrong decicion whon comparing
ratio varsus samplo pean csticstors bazed on 8 single

88MpIce
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The neme and asystemstic development of;nénue~earle
method datec from 1944, There woxre howaver s number of
isolated and undeveloped iunsténces on much earllier occkajiona
g3 far bagk as in the 3aebnd half of the l9th ceatury when
nueber of people per}ormad experiments in which they turew
a needle in @ haphasard hanner on & bosrnd zulod with parallel
strafzht linog in order to infer the walue of X", by
observing the nusmbor of int.r estiong Letween ths needle
end the lines. Infact one would be finterested to kuow as
to what 15 Hontew~carlo method. ‘The method may briefly be
desaridbed 2o device of studying an artifical stochaatie
sodel of a physical or mathematioa) process, The originel
VoneNeumann boncept of Monteecarle nethed aaama'to hava
beon that Honte=carlo epecifically d@aignae?d-she use of
randor seapling procedures for troating deteraministio
msthematical problems.

Recently, thors have been & nusber of applioaﬁions of
these methods for nolviag complicated partial differential
equations and these methods which utilise various probabiliity
techniques snd sampling procedures have found their
applioasgion in variuus'flolﬂa. Thece fethods have been
lately applisd in the theory of esccononatrics, where it has
bean posasidble te compare different mothods of estimating

the rarsmeters of & given economic medel, specified by &
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sat of structural eguations. The euarlicot use of Hontes -
carlo mothods in solving ctatistical problomg was porhope
radoe by “Student® who inferred tho pogsaldle shipe of tho
froquoncy distdibutions of 't' atatiotic prior to ite
mathomatice) dorivoition. BStudont Grew a large numder of
somplos froo @ nortol population and worked out the
distridubion of tho rstio of the mesn to its cbandard
daviation by plotting the frequency distridbution ofthis
ratio, J.N.K.Boo apd Boegleo (31967) carried out Monto-carlo
studica for investigotiag the smsll gomplo officloncios
6!'ditrorene ratio estimators of the populetion ratio, §/§
apsuning lirear regreacsion of Y on X and norsol distribution
of doviationo. Rocoatly Rso and Baylegss (1969,70) havo
coppared cifrorenn unaqual probabilities gampliag entimators
-ratio could be shown to refuco to Bidauno axazmu Ben
~ocheme{1952) of varying probabilities oeleculon.

Fonte-garlo studisa in cample survey mgphodology by
Hahajan(1972) for ocompsriing sample mean, ratio and regrension
eatimn$or9£aa perhaps firat of 1to kind, He gensrated ten
hypothetical populations sach of size 200 units satiefying
the wmodel

Bﬁxi'.'ei
whero v<ei/x1)- 'f‘xf‘ s Azl , ‘%?0

ond § o 1.2,5......n.
corremyondiné %o different valuos of “\Y varying botwcen
.50 to 4,00, the resultant population ceems to Lollow
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beta dlstribution. In this study it was demonstrsted

that retic has a&n edge over regression osg&:&tor. However,
@ amall drsw bsck in this study is that She comparisions
sre based on only 25 sanples which is rathér ssall for
thease typss of study.

JB. KRB0 (1969) studisd the behaviour .of verious
types of ratio estimators exporically, He used several
sets of live data which represoent a vide vYariety of
populetions of varying siges ranging from 7 to 270 units,
the co-efficiont of wvariation of the suxilary variage
ranzing from 0.18 to 1.19 and the correletion co-efficlient
between the study snd the suxilery variste renging from
0.535% tc 0,995, Aceordingly he had draﬁn all the 'ﬁh
posaidble sasples or 2000 samples ;hienav¢r is snaller from
& given set of data and compared simple ratio estimator
with varying types(ten is nuaber) of undilased ratie
sstizmstors 8nd cosputed their Wesn square sxrors ond bisocs.

1

A.a.uanranl(IEéi) compared the variancas of ratio and
regression estimators through Konte~carlo method, He
usod several sets of egtusl field dats taken from sample
surveys on fruitp and vegetables and live~stook, so as to
dsmonatrate the method of comparing the officisncies of
ratio, regression and semple mean satimatore and showsd
that ocomparisicn of efficlenaieca of retio &nd regression
estizators on the hasis of eapppoximste forsulae of variance
ias likely to icaa to wrong conclusionses Thess emperical
studies oo actuel data indicete thni the statement
®"Ratio s @lwaye inferior to regrossion or at the most
has the sfme nraciaion as that of muiqn"_u_mﬁ_ulaﬁ.
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trus. 4 Alsc the atatement in the stendard books to the
effect that the Pagoission estinatorwill™always be more
efficient ma sexple mean estimator ﬂwn f>0 is not
‘alveys true, It hag démonstreted thah mamninn
estimator could be vary auch safarior to sample mean
sstizator eventhough the value of S wes positive..
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In ssmple curveys, the comparision of ratio s&d '
regreasion methode of esgtimation with mp).g&mnn estimatos
18 generally mede by assuming @ regression @;el' vetwoen
the study veriste (Y) and the suxilary variate (X) specified

by the equations,

f“. e )+ /611 + o
BC ey /%) w0 B( a0/ XX a0 14

2
B (.1 /x‘)‘(a 1. 843 » 22420000000 X

-

On the bwu of this model it has been suggested that
unless X «0 retio will alwsys del less effiocicnt as
compared to regression. The two will be oqually effioient
when Xe0, As compared to sample mean, cmtio 18 suggected
to he more efflialent 19&:&30 > Oy Oy » where f 1s the
sorrelation coefficient detween the study and the suxilary
variates and Gy end Oy ace the co-~efficient of vuriationa.
in the auxilary variate and study veriste respectively.
Also réaroeaion i1s sRkid to be always more afficient than

A

ssmple coan for £ >0. -

tince the exmct formulee of variences of both ratioc
and regresmion estimatore are not easy to m workout, the

above conclusions are baced oa approximata formulaes which
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are correct to the :iims order of spproximstion of 1/m,
Perhaps Lt is 8 Sssused that wheo both the auxilaryvariete
(x) agﬁ,%ho study variste (Y) follow normal distridution
the contributions of the torme of the arder%*ii'l(hg and
above to the variegce m would be. negligible and the
conglusion regarding the relative perforcance of tnu'ahzoe
estimators w&lx'be valid.fax Por the pressat atudy, four
populations each of gisgse 200 units have been drawn from
& Divariate normsl populadion.

jQ('K)‘j)’

zkro’ S %ﬂq} SL 2(1-52) KX’ ?}\A ) C ]}

—R L,y W .oconcoauoﬁvo(l)

_gmfw«-ﬁ('x)SJ X dy = 1 . _

~bo

In otherwords, it is assumed thgt both Xend X .
variadles are normally distriduted with meands end
end verisnces & respsctively and X end ¥ ;rc linearly
releted with correlation co-eIficient given by f. The
four finite populetions generated for the purpose of the
presentad study are drawn frokR ths superwpopulstion wigh
frequency Aiastribution given by (1) by @saigning srbitrsry
values of 50.0, 12.5, 200,0 & 100,0 tg;&.¢r3/uz v, respectively
apd four values of 0.3,0.5,0.7 &4 0,9 to £, The cholce
for these values of the parameters of the population was
zade in guch & uaﬁnsr that in each of the four population,

generated corrssponding to four values of F, the condition

jﬂ > 4 cx /] QY « 0,25 (e pre-sssigned valna):

ia satizfied, Under the adbove condition, ratio estimator
hes been stated to be more sfficient than sample mean eatimator,

1
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Innthe actual samplo survey data, we raroly cone
across ‘negative values of study and suxilary variates,
Honeo while drawing @ f£inite population ttgs the supere
population(l) tha program for ganefyalns th:‘pépulnulont
values wes written in such a feshion that.the probability
of getting negative veluss in the samplc was Jless than
0.0ls 46 & matter of fact a total of 210 units was seleqted
instead of 200 It was found thet in none of the four
c&hﬁ%&%‘corraspoﬁding to four values of f the number of
ngikeite 33233}‘3322 ;;;Y;Q:Zv;y §§§1eizo”:§§?3':z::f§&e
additional drawings of 10 units, Thus each of the four
resultsnt populstion consisted of 200 walues e&ll positive
for both X & r'vnrfatoa and these values are given in

the appendix,

In ordear to utudy the affect of slight departure from
normality on tha comparicion of various satimators,. in one
of the population (st 8l.E0.2 with fe0s5) five values were
.arvitrerily changed therady introduciagg a moderate akowneas
in thst population, The mosnas, standsrd deviations,

co-efficlent of variations, skowness (¢'-/@AF3),kuruosia
(¢\-’u' «3) otc,, from sach of she genorsted poralatiocn
are givan in sak Table 2,1,

For & normal curve the skewness and kurtosis should
bo coro but in prectical situations we rarely come across
exact vulqgu what we needed, In the three populstions
the valuea of 7, & ﬁlzanga botween 0,0025 $0 0,4203 and
0. 0034 to 00,2563 respectively. The values of Charxlier's



moosure of skewness which is defined by

£(x,) - 2(o)
Hien) * #(0) -

Fhere £(x. ) {5 the-value of ordinate at
mean of tHe normal frequency function(r) -
followed by the population under considere
ation and ¢{o) the value of the ordinate -
at mean ofthe rormsl diatridbution funsticn.

-t

have also been pgiven {n the Table 2,1 It can be secn
that 8k(°h) i9 very anall for &ll tho generated poﬁulaticn
except for the population-IX, sugzosting thereby that thoue
goneratod populations axe diaﬁributud;nucnﬁlly. The
velues of kappa givon in the last column of Tadbls 2,1,

are sdzaw%o to nesr about 2ero exoéph for population=-IX
vhich has kappas value slightly higher., [Bence we can
conclude that generated populations are nearby normal

excapt 9light skewness in population=XI,

We have thus generated rbur*papulaildns coxrasponding
to four different valuss of [ each being dfosriduted
noseslly excaB& for the population-IX wherein we have
got a moderete ckewness, The correlation co-efficient(f),
regresnion co-officient S@). and other important psramebors
of the above four populations are given in Table 2,2.

It will be seen from the Table 2,2 that.the value of
X 3n regression equation of Y on X is not zoroc. Honce
the condition for ratio eétlmaqor to ba egqually efficiesnt

8 rogrossion is not gatiafied. Accoxdingy:or each of

e
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the four populstion; we txyaég the following in regard to

the relative pux efficiencies of three estimators commonly
used 10 sample survey sstimetion. A

(1) 8icce.f>¥ Og / Op > g Dotk ratio and regreasion
estinators are expected %o be more efficient than sample
nesn.

(11) Binoce (=0 for nmone of the four populations rasio
eatimator is expectsd to bn biased shonsh»tﬁo extent of
reletiva bias is lilktely to bs amsll, as aled 16 will be leas
efffcient than regrassion,

In the following ohapters we will exemine how far the
etstements ho:w;éood by comrarinsg the effioclencies of
threo estimators through efmperieal inveatigstions callad
Noate-cerlo method, éince the tbrmhiao for setual variances
of both ratic and megresslon estimators are pot available,
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COMPARISION OF BANPLE HEAN ARD RATIO RSTIRATORS
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In this chapter, we ars mainly 1ntot§;£§d-xn studying
the bias in ratio estimators and to see how fer the >
oriterion £ > ¢ Oy /Oy belps in Judging tho relotive
efficiancies of the two eatimators. B In addition to this,
study on likelihood of making & wyrong docision when '
comparing ratio versue sample zean estimators dbagsed on @

single sample,

The relative poerformance of the ratio vorsus sssple
medn estimafor has been evaluated on the basis of

approximate formule of variance,

W(¥) = V(D) = 2 covR, D) + BWR) covrenrnaal30d)

which is correct to the first order of approximation o
1/n assuming that ths cotribution of the teras of order
llh? and above is pegligidble. ?

In the absonge of the exast formula of variance of
ratio eptimator, the exact variance hag been e¢esvimated from
200 repessted samples of different sives at random out of
the totality of “on semples in the entire cezple,

¥or this pugpose, from the populations wﬁiah have been
gensrsted in chaptar-1J satiafying the required assumption
of biveriate normal distribution with pree-ssaigned values
of £ ranging between 0.3 to 0.9, 200 repssted samples of
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varying sizes ranging from 10 to 30 are selegted., The
corresponding Y-values have been considered e&s suxilary
variates £or the use of retio eobima@%?‘ -The selsation
of the sample at each drawing ie madgvéndopondona of the
previcus dpawings. Each of thene 200 caﬁﬁloa provide
catimats of the population meah slso variancoe of the
cstimate as per the approxigaee formula (3.1) could be

eatinated,

Bele nda reulae of satimators and variances used
15 asiils et SHA PREIS method OF SetimetIonT T Lo

Lot yp Tpe seees ¥, bes the units solected in &
sample of sise n and Xye Xy eceae X, be the corresponding

auxilery variates.
Yot §, be the sample mean of the y:s

X

n D¢ the saaple mean of the li‘l

- (lul.a.....n)
¥y be the population mean of the X 'e

2, be the populetion mesn of the X, 's
(1'1,3'0 ] ..19

end let Re Yh) !B

then the sample mean provides unbiased estimate of the
population mean with the varience of the estimate given by

v(550!) * ﬂ ﬁg

2
”'h"° By 4s the population meen squere of Y's
and the estisate of the variaunce is given by
s Ben o2
'(’Eon),. B.n '3' . ve v o (3'2)
where ‘3 is the sempls meen sguare of y's

b 4
sdzo Ule
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8lgso the retio estimate of Yn is given by
?-y - nﬂnx
R {2y Yy "t

wvith variance

Wp) = BB (57 om0, % 2mgayy )
' »
where ei? ’ gxa sre the populstion mean syuares of .
¥ 2nd X respectively and Syy 18 their mean product

The estimate of V(¥,) s given by

Fp) « B;Lniﬁl) i éf\yxa‘onazgx‘aneﬁaéxiy‘g se(3e3)

Ag desoribed in the beginning of this chapter, the
formula (3.1) of varieance of ?8 is approximete, correct
to the first order of 1l/n, The derivation of true
variance ia however 2 difficult task. The estimates of
true variances of both the estimetora could be worked
out with the aid of Honte~csrlo methods, which may briefly
be descrided as follows.

Prom the givon populations, 200 repcated samples
of sizes verying betwsen 10 to 30 sampling units sre
gelected 4in independent gets consisting of 50 samples
oache Accordingly, we get 200 sazple nean and ratio
eatimates from the above 200 samples. Mean of thege
sapple éntimatss provides undlased estimate of the
pbpulttion mean~if the pstimator is an unhisBed one.
The wsan aquare hetween the sanple sstimates glves estimste

of true verliange of the frequency distrivuticn of the
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estimotor(veriance of the entimetor). InAcase the
estimator 1s bHiesed(in caa;~of ratio) the mean of the
200 ratio ‘estimate will provide ¢ biased estimate with
estimate of the meand sqQuare error given -ty
BOD(MB,) « BSTLTV(Y,) 7 o X52 (Bas)?  cee(304)

where sstimate of the squore of bilas couid be
approxinately unbnci?uned by (’hf!b)a
The methodology edopteld for the celculation of the
ectinates of the exact veriences for bath sample mean aand
ratio and the mean squarc errox of rotio estimator osn be
brioflybo descrived as follows,
Iot FeF50000eFgueeeFagg Do the mean gf y's for each
of ths 200 samplen, wk with mesn given by ¥ and let
¥y oX5 yesee®y yeeadip, be the mesn of the corresponding
x's for the 200 velues, Then the estimate of the variance

for sample mean esticate ig givén dy

- 2,00. = . 2
'(’a.n) ‘.&20&1 szﬂ (7. ,)

the ratio ectimate of Sﬂ for the 200 asmples are given by

8
and the eatirate of varisnce and mean sqQuare errors for

~

- [¥3]x '
i‘(a) [;l] 33 (6'1,2...0020«0'}

the rotio entimate are givenm dy
- 200 - 8
Vf’a) -Q.LOO-I sz;‘ ( 5"3(;1) ’H ) '

900
where §, = 200 2 Yg(R)

Szt
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m ?R ) = '(in) * ﬁ‘?ﬂl?a

3.2 Study of bisp in ratio gstimator,
‘ T™he estinate of relativo bias in ratig'ﬁétimaner
gould dbo given by

301(&“3)9 » lmllm 0000000-00(505)
- b 4
R

To got an idea aboub the extendt of dvias, the rolaetive
biagvin ratio estimate for all the four population: for
va&ying sample siges have beaen presented in Table 3.1,

It is found that the biased ranges from 0,01 to 1,243,
It is also found thaot the degree of blan docreaces with
the incresse in cample sime. In the 8bscngs of formula
for obtaining the estimate of blas bLettor than the one
siven avowe, tha pioture pressnted in the Padble 5,1 4o
sufficient to Lndicate that the amount or'bias in ratio
sstimator io naglisi?le.

The true variance aof an estimator could be eatimated
hy scoond momont of the frequency Adiotribution of the
estimator generated by the repeated sanple drawings. Teble3,.2
gives cetinates of true variances of the two antimators
based on sanmple aissa.or‘lﬂ,ls,ae,aﬁ & 80 for each of the
foup populations, Pron the zable\16 1o neen that the



TABLEB « 31

sssRIEPREEOAS ORI

Relative bies in retio eatimator for verying
serple aise (figures in parcentage)

Population

Seaple ) 4 Ix 11X Iv
8180  (5,29)  (0,86) (0.65) (0.91) -

10 1,08 0434 0e15 0.16
5 0.88 1,07 0e10 0.08
20 0,50 0,30 0e35 a;sa
2% . 0.33 C.27 0,02 0433
30 0,57 0,60 0.88 0,02

(¥igures in bracket are cnrrolatzon co~-afficient
betwesn study and suxilary variates)



PADLE = 3,2

CHRREBVLCTRTS VAU DN
,

Variances of tho somplo sosn and ratio ostimotors
and tho mean sguare orror of ratio coticator for
vecyieg sample eises for each of the four population

FOPULATION « I

NS

( f« 0.2908 , 4 0;/0, = 0.2858)

—

i v(¥g.0) ¥(¥p) nseg ¥y )
10 623,4510 901,6248 9496,9590
15 4561952 66541817 666,2288
20 283.2361 511,2543 51244083
25 258,881% 384,3222) 38R,7186
30 202.5506 380, 0541 29045687

POPULATION - II .
( / » 00,4585 s ¥ OX/OY v 0.,2936)

“etze VFgum) v(Fy) BEB(Yg)
10 1086, 7980 732.9768 733,484
15 728,713%4 626,2741 631,0880
20 55046892 3773690 577.7352
as A427,405) 32647152 337, 0221
30 314,8065 284,82490 276, 3228

]

asCOntinned



Tebdble 3,2 continusd,,.

FOPULATION ~ IIX
( Pu0.6480, # 0,/0p = 0.,2719)

Bgtgie V(?‘ .I) 'Gﬂ) ﬂSEGn)
10 70646736 370, 3522 570,4396
19 55046492 284,6599 283,9030
20 367. 0856 184,883%3 187.7820
2% 309.9691 12,6272 152,6293
30 276, 3077 188,8302 151.€983

POPULATION - IV
( e 0,9330, ¥ 03/0! u 0,2697)

- t .

E:z;ﬁe (Fgn’ v(¥y) KE8(T,)
10 847,2107 233,8700 233.9732
15 517.19%4 1“‘70 1174 147,242%
20 . 386,3782 103,48563 103.8812
35 206,8085 82,7305 83,1825
30 265, 0045 6740985 67,0058

i
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. padple-mean estimator has veriance which is consistantly
-fopr al’éﬁmple a;aoa. whiak loos than that of retio ln'

tho case of firgt population for wbichf/=0,2902 which s
8lightly groator than ¥ Cp/Oye Thus eventhough, tho
oritorion F >w§cx!0Y holds good, wo gee that ratio is
infarior to ssmple moan, Ue @luoo see that the sanple mean
estinator has varience which ia conslotantly greater than
that of ratio for the romsining three populations which .
has got./> 0.4540, Hence wo can conclude that the critorion
/> $0y/Cy for ratio $o bs superdor ovor sample mean 10 not
true for the values of _~ near avout %ox/nr and spall
valuens of A Theo difference (/= ’M‘X/GY) should beo positive
and sufficiontly large for ratio to be supexior to sanmple
mean, o alao observe thot the varianco of the saople meon
estinator dooreoces with tho inorcase in pample aiso;
approximately fa proportion %o (%"é ) o However it 1o
noticed that the decreace in varifince of ratio with insrcsco
in oouplo eige is Lactey than thai for the sanple mean.

enbtinator.

The rolativo coffioliencoy of ratio as conpared to saople
mosn estimator based on mesn csguare orrors hova been presonted
18 Tadble 3.3. It is seen from the ebove table that efficlency
is legs than 71% for the firet yopnlatiogénﬁ noro than 100%
for S > 0,2908 and there io 8 inoreasing trond in offoct with
tha 1ncreé§1ng values of . It ie also aignificant to note
thot officioney does nob appraciadly show Lnoiﬂaaxng txrond
with {ocraeocge in the gsmple oibee PFrom tho fLigures given in

>~
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PEROEITAGE EFPICIRECY (8)l OF RATIO 45 CCMPARED 7O SARPLA BEAN BASED OF -

KRAR SQUARE MRORS, ,
Efficianay in Pagcentsges for wawying esaplo ulves,

(£) — .
0a2002  e5.8 63,48 088 €129 63.71 '
0455 14345 81547 14577 13070 12780
06440 | V8077 9008 195,67 20300 . %8213
09150 362,30 Bt.50 .58 B/éSA2 55496

*mlgﬁwb s 00
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the_ Table 2,3 we £ind that in population which follows

bivariate normal distribution, the following holds good.
)‘\ .
(L) when values of £ the correlation co~efficient

between the study and the suxilary variase lies in-the.
[}
range 0,30 f> ic,:/o,

the semple moan estimator is more effioient
than ratfioc. lsss in officliangy will be of the ordey of
30% irrespective of the sémple size,.

(11) In . populstion, where the values of / lies in
the range 0,30< .S >#0;/Cyp
the ratio estimator will be superior to sample
po&n estimator, the gsin &n effliclency incrcasing with
the value of /, The gain in effiofency will be of the
order of 70% for feround 0,50 end of the order of 290% or
even more wien f=0,§1, The efficlency docs not va:; with

sanple aise. .

($14) Even in ibhe presence of slight skewness in the
populetion -1Y whore the value of / 18 0.458% which ie
greater than iox/O! '

the ratic estimator is superior over sample

zean astimator,

\ % wnen
M uam&fz&

Generelly, statisticisn has only one sauple avallabtile

for his study. The sample values aro available both for
suxilary and study ohsyrscteras. The problem faced by the



statistioian in to tske decision about the right type of
the wvstirator for building up ea officieont estimato of

the population msan, 'ﬂltural practice is to puggest the
typa of esticator by looking at the information provided
‘by the sample data, For example whon the égmplo KRN
value of / > 461/6, vhere ax.a, are the cowefficient of
vacistion for Xand Y respeotively, oze may rscomaend ragio
astimator in preference to agample mean sstipator. This
decision about the choice of an appropriate estimator on
the basis of binary parapeters ectimstsd from a given
sample 18 likely to go wronge I8 will be of interest to
cslculate the prodbablility~hereafter to he likelihood of
soch wrong docision, The cholice of the satimetor in all
the four populotions under study, the fLiras order condition
of > ¥0¢/Cy for retio to be suparior eatimator then
sample mean 1a satisfied. However, we have alregdy seen
that in the first population where /’-0.5\0. this condition
18 not cufficient since sample moan is coasistantly (for
all asample siges) bebtter than ravio gstimator. Hence 80
far es the first popnlation 4o memamikduxed concerned, the
ceriterion »>¢ o:/oy. whepre 1o tho sample correlst ioa
co=efficiont between x & ¥y values and c:/a,17’Gwp1p ratio
of 0y/Cyy 18 not of wach aelp. However for the agher
three populaticns vheref> wx/c., aloo implies that rotio
is conoistantly better than sample mean, wo would ectinsto
_the probiédility of wrong decislon. One ostimate of thie
probability is the propertional aumber of samples in
which » < ic,/o’. t?ho Tablo 5.4 givea rolevent valuea,



A BL 3w 3.4

CRBEBOGRBUNSOBY PN

Batimated prodbabdility of wrong decision sbout the
cholco between ratio and ssnmple mean on the basis.
of ordterion » 7}9,/0’ caloulatdd from eutinmatore

for a single sample of varying sizes

-» N — .

Fbpulatlon dNﬂnumumaa&ElgﬂQA&ag SR E—
10 15 20 a8 30
I3 0.210 0:205 0,180 0,160 0,155
11X 0,310 0,050 0,035 0,015 0,010

v 0,000 0,000 ©C,000 0,000 ©.000

PABLE- 3,8

BRPU IR G CENABPREOD

1

Estiunted values of parameters of the eguation pn“"“
FPopulation V' 8 b ®?
(in %ges)
1z 0.,2585 0,1028 0,1787 = 80.72
86 4 0.€440 3,9540 0.,9919 87.02
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FProm tha values given in the Tadle 3.4 1t ig peod
significant to note that in the pepulation in which
suxilery charactor is highly corrclatod »ith the study
charsotor and the frequonoy distridution of the two
varinteo ia dbivariate normal, tho choice oﬁRZEBiwatoz
baned on & singleé sanmple of ewan & moderste-size of 10
unita will lead to slmost surely correct decision,
Bowover for the populations with values of ./ batween
0«8 to 0.9, the likelihood of wrong docicion will b of
tho order 0,01 to Q.21 depanding upon the sample sige
end the nagnitudes of correlstion co-efficient. OCupta(197d)
established the rolationship hotwesen the likelihood of
wrony decislion and sampling fraction. The twoe funocfonse
suggested by him were,

P w lﬁﬁbg 401;#.0(‘.)

Do ﬂfﬁb csssensl{il) for 8,050

whore p = likeliheood of wiong deoigion ia the
_ cholce of an esiimgtor,.
£ - sampling fraction in percsntage(wxlO0)

The functions (1) ang (4%) were f£Atted to vnluen
in Table 5,4 for the populations IX & 11X, whers / valuea
are 0,45%85 und 0.,6440 regpectively. It was odbesexved that
for function(i) the value of ﬂa. the multiple correlation
comofficient for the above sgaid populations was very high
vigey 0,81 ant 0,87, Por she other funoction (14) howovor
tho value of B® was obgerved $0 bo 0.64 and 0,73, Honce
we can conglude that the fit described by the fLirst function
ie better than the gacond funtions Tho sace was also
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A

found to he true in the csse of populations degoridbed
by Gupta which followad Bets type fraquency cCurmve,
The lemat square catimates of the eonag_g::ta adbd
of the function p-u"b‘ are presented in Table 3,5,

- .



CEAPTER « IV

S G00sResROdIep

CORPARISIOR OF SAMPLYS MBAN ABD REGRBH85IO0B LEPIMATORS

‘.‘..Q“..‘.‘...Q‘.Q'..ﬂﬁﬁ‘..i’.l"‘.&'ll".‘........

In the provtoun dhlpter. we hava compered the sample
mean and ratio eatimators. BRere we consider the
compariadon of sanple mean and zeerwsalcn astinntors,.

As in tho previcus case, here also tho corselation
co~sfficiont (/) plays an impxoptant role, From standaxd
toxts, we loarn that ragrcht;on is suporior to cample

mean 1f/ > Qs We will examine this steSement for the
populations desorided &n chapter II which satisfy tho
required sasumption of bivariatse vormesl 4istribution snd
woregsnorsted so 88 to have yarying velues of f ranging
from 0s3 to 0,9 Infact all tho four generated populations
has got posidive correlation. Aa before hore algo we are
interasted in the bies in regregoion uubimategu, comparision
‘0f sample Nean and regression oatimators

The relative performance of the rogression estimator
is nsuslly evaluated on the basis of approximate formulae

of varisnce,.

V(Y) - (ﬁ)ﬂza(l‘fa) 0000-00.00&00("1)

This formula is correct to the first order of
approximation in %- easuning thest' the gontridbution of the
torzs of orxdar 32 and above is negligidlae., Tor the

n

comparision stske, from the populations whioh hnvb'bocn
gonoratod in chapter I1 satiafying the required essumption
of blvariatg normal distribution with pre-Aaspigned values
of / rencing betwoen 0,3 to 0,9, 200 repeoted samples of
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varying sises renging from 10 to 30 are selected, The
correasponding x«valn;a heve been considered 83 the
suxilery varistes for the uso of regression estimate,
The selotion of the sample at esch drawing is nade |
indepondent of the previocus drawxnsa“.; Bach of thoce
200 gamples provide eetimate of mo'&bhhuon ®oRDy
variance of the estimate and other improxtant parsmetors.

Lot £ LLERLS /% be the units zeloted in a sanple of
sdse n and EyeRyseoeX, be the corresponding suxilory variatea
lat Fn be the sauple mean of the y,'s
¥, be the sample mean of the x,'s
{423,250000eB)
Yﬁ be the population mean of the Y, ‘s
X, be the populatios mean of tha X;'s
(3=l 2ys0s0e8)
then thoe regresnion sstimate of the population mean is

f“‘ . ?n » b(!ns-in)

shers 8z b » ;";,(?r?n)(xrfa)
E (xg=%,)?

- - 8" (-

where 8,3 is the popnlielon acan squaxe of Y

\

end- eatindte of the varience is given by

(7y=F)(x,~% ) } 2
) 'n%'t'ﬁ:n 30,507 - LSO L
3 (xy=%)2
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The methodology a;ioptod for the cslculation of
the eatimats of the exsct varisnce and tha mesn sguare
serror of the regression estimator can-be briefly be
described as follows,

Let il,ia,..,i‘....ir’zw be the mean of y's for
aach of the 200 samples with mean given by § and let
%y oHa0000¥ 90 eXpgn DO the mean of the corresponding Xx's
for the 200 samples,

ge(uc) “«F, ¢ b(wn
¥y ) (3, =%, )

(xiq') ‘(Bel 24 4+200)

- where D =

sad "(reg’ ‘!&I‘;‘(’a(m)',mt

The sotimato of relative bias in regression sstimator
could be given by '
nu(axaa)“g - ‘!&.i:-—al 200 sessonasee (8:3)
, |
To get an idem sbout the extent of biss, the relotive
diss in regression estimate for sll the four populations
for varying semple sizes afe pressnted in Table 4,1. It

is found that the biasés renges from 0.0} to 1.75%s
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It is also found that the degree of bies decresdéss with
the facreass in saupld sise, In the abaence of formula
v‘:tor obtaining the estimate of bies, better than the one
given sbove, the ploturs presented in Tedble 4,1 1s
sufficient to indicats that the extent of bises in regression
estinator is negligible. ha

The true variance of an estimator could be gestimeted
by the gecond momendt of the fregusney distridution ¢f the

estinmator generated by the repsatad asanple Grawinga,.

Tadble 4.2 give eatimates of true variances of the two
egtimators based on sample sises of 10,19,20,25 & 30 units
for each of the four populations., Prom the tadble 4,23

it 1o seen that in the caae of the first population with
f =029 the sample mean estimstor hes variance which is
consistantly less than (for all ssmple sises) that of
regrassion datimmtor. Eventhough O < £< 0,30 we aee that
regresusion is- inferior to zample mean, Wo alsc seo thad
the ssmple mean eatimator hes variance whioh is consigw
tantly greater than that of regreasion for the recdining
thres populations with the correletion comafficient
greater than 0,8%40, Hence we can conolude thnt the
oriterion />0 for regression to bo auparior over ssmple
mean estimetor is pod always trus, bubt the eamse will ylield
feuitful resulits if 7 is sufficiently large,.

We also dheerve that the variance of the sample
mo8n entimator degreases with the incresss in sample clsze
approximetely in proportion to (% - % ), however it i
soticed that the dscresae in varience of regresaion with



TABLEB-A4,)

SO DINBABREESNS

Relative bias in regression sstimator for
varying sanple sise ( Plgures in parcentags)

POPULATION

Seaple g 1 113 1V
(0.,29) (0.48) (0.65) - (0.91)
10 2,07 06l 1.7 03
13 0.29 1,36 0,49 .19
20 025 019  1.49 0,53
25 0,01 0,53 04 .32

30 0.62 0.45 0.89 c,01




Variances of the sample mean and regroesion estimstore

~

QABLE - 4.2

oo gOsTEIRROGOS

and mean aguare error of regression sstimetof for

varying sample sises for each of the four population

POFULATION » X

( £20,2908, $0y/0y = 0.2858)

o

Eample

aiso VT4’ T rog) ST pgg)
) I
- 10 €23,48310 9‘3305775\ 947.8261
1% 856,1952 61549973 616, 3979
20 363,2561 436,6483 436,9476
as 258,8815 381, 0747 321,075
30 202,55086 24743526 249,1286
POPULATION « II
(/= 0,4585, $#0,/Cq = 0,3536)
sanple V(T ) T rog) MSK(T g )
10 1066, 7980 785,1671" 766,7582
15 728,7134 620,6087 632, 3431
20 550,6492 42%,0109 428,0590
2% 427,4051 358, 0418 35943307
30 314,8065 244, 3642 265,2166

Continued,..



Tadle 4,2 continued..

POFULATION «~XXI

( £=0,6880, #0yp/Cya0e2697)

Sample

sise V(T am? VT reg? USHT g
10 706,6738 427,8342 440,4602
15 550,088 353,1162 354,120
20 367.0558 189,9682 199.1083
25 309.9691 13647796 157.4801
30 27643077 10,9539  147.8034

POFULATION = IV
( /a0s9130, #0y/0,0.2657)
10 847,2107 152, 6346 153.0322
13 517.1954 88,3370 - 88,5824
20 586.3782 58,1942 5543567
25 296.8083 84,8021 85,2361
30 265, 0085 3248635 32,8437

i
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incresso in sasple sige is much faster than thot for the

sanple me&n éatimsgor,

The relative efficiency of regression us eoﬁpa:cd
to sample mesn estimator based on xeéin sguars error have
been pragented in Tadle 4,3, It Lz seen from the above
table that efficiency of regression estimator iz less
than 82% in the populstion ~ I 4 For the remalning three
populetions wherein /> 0.4589 effioclency of regression
vstinstor s grester than 100%, There is an increasing
trend in effect with the inoreacing values of f. It is
slgo significent to note that efficiency does nat
appreciadbly show incressing trend with in the esample size.
This shows that like ratio, the offiaiency of regression
eatimetor versus ssuple moan estimator does pot depend
on sample sise.

¥rom the figures given in Table 4,3. ve find that 4in
porulation which follows biveriate normsl dissridusionthe
following holds good,

(4) =hen velues of /= the correletion co=officiont
between the etudy and the sumilacry variste lies in the
range 0,30 > />0

« the sample mean astirator 1o more efficlent than
regrescion. lesa in efficliency bdeins of the oxder of
20 to 35%

(311) uk In population, whero the value of 7 lies in
the range 0.,30< />0
= the regression estimator will be superior to
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sasple mean sstimator, the gain in efficiency will be

ef the order 70% for P arcund 0,50 and 6f the oxder
of 700% or sven more when S=0.91,

AP

(144) Bven in the presence of slight skewness in
the population~IY where the velue of /is 0.4583 whieh
is greater than perc,

=the regression estimator ia aupujior over
sanple mean estinator. '

’
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CHAPTER » V

X342 22 13112

COMPARIBIOS OF RATIO AED REGRESSION ESTIHATORS
sesesstrssressatatacstsntertetactatoncisncenatasens

In the previous two chapters we have compared gample
mosn with ratio and cample measn with ragigaﬁicn estimators.

In thia chapter we would like Go compare ratic with rogression

estimatoy, For thia purpose the mean aqQuaye errors

already obtained erée desorived in Table 9,1, The
sethodology &dopted in computiog the varisnces has alreedy
bgen discussed in the previoum two chapters. We have
slready seen that the biases in both ratio and vegression
estinators are negligible., ¥From the Table S.1. we soe

that regression is superior then rstio for the Sirst
population for all shw uﬁaple sises oxcept for sample

sigse 10, Infact we have slready seen that when fis round
about 0,3 both the methods are inefficient end regression
has got 8n edge over retio far a>l0s, For the populations
ITI & IIX whare the velues of F are 0.,4585 and 0.,6840
respactively, we observe that ratio is conaistantly superior
over regression for all the sample sises except for the
sample size 30, For the fourth population which has

P «0,9130 regresaion seems to be highly suporior over ratio.
Hence we can conclufie that fop smaliar values of /.

(as small as 0.3) although both the methods ére inefficient,
regression im better than ratioc. For f ranging from 0.3 to
0s7 ratio seems to be somewhat better than regression for
soaller sanple sises 8nd ag the value of . approsches 1
regresaion comes out to be best method of estimation,



TABLR *5.1

essetleBocacRdanNes

Hean squars errors of the ratioc and regresaion
estimetors for varylog sasple simes for sagh
of the foupr population

POPULATION -~ I
( f=0.2908, #Cy/0y = 0,2858)

LHenple

sige m(‘in) qug)
10 946,9590 " 967.,8261
13 666,2288 61643979
20 512,8043 4%6.,9476
as 38447146 321,0755
30 290, 5687 289,1286
POFULATIOR » IX
( Pe0a4385, $0y/0um0e2536)

S& 1‘ . - -
0:29 BSE(Y B) uSE(y rts)
10 733.,8541 747.7582
13 631, 0880 632.3431
20 577.7352 424,0590
as 827, 0221 359, 3307
50 246,3228 265,2166

Candd. .



Tadle 5,1 contd,

e

POYUIATICR » IIX

(P =0s6830, #05/Cyn0,2759

gample sise BW’R) T MBE(Y )
10 370.83986 Q20,4602
15 2889020 3582208
20 187,7320 199.1085
as 152.€293 157.4301
30 15146963 187.8058

o

e

POPULATION - IV

(p =049230, #0y/Cy»042657)

Eazple size m(ii) \ 3313(5“8)
10 233.,9732 193, 0322
15 147.1425 88,4824
a0 03,8812 5543567
29 83,1825 45,2361
© 30 32,8437

6740958
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We -Obsexve thqt the varisnges of kboth the methode
decrasses With the increase in saaple sise. However,
the decreass in var_iaé« of regression with inaresse in
asmple sise is much faster then that for the ratio
method of estimstion. -

It i3 seen from the table 5.2 thas efficiencies
are jJust above 1008 in the casge of the fLirat population
exgcept for the sample sigé of 10 units out of 200, In
populatvions II and 11X where she / values are 0.,4585 apaA
0. 6440 respactively, the ratio catimator seema to bLe
sore efficient than regression estimetor except for
fairly largo sample zisze of 30 units ?m; of 200, In
population-IV wa see that cegreasion satimator is
superior than ratio eatimetor, Tne gein in efficliency
ia of the order 50 to 100%, As in the previocus cass
efficiency does not shows say sort of trend with the

sample aime.
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82UDY ON THE FREQUENCY DISTRIBUTION OF THR BoPIMATES

SHOBRBFCABH OB NVOCHANSCOPRVVNVVPELVORSVEBORBITORTONY

OBTAINED BY SAEPLE Eﬁaﬂz RATIO AlD REGREGUIOR HETHEODS
®

PEEBRBOLOOBVAEOG IR ROG S NEVUVBVLVIP O POOBR OOV LEDGGRORW

OF BEPIMATION -~

ERQGSRPBERQER D

-

In this chapter we are nainly interested in ékudying
tho froquenoy diastribution of the costimates of the
population mean obdtainod by the threo methods of estimation
vige.y S8upleo mesan, ratic and rogreascion., Btudies have
also been mede to examino how far the approxinmaste formula
of varience of roatio and regrogsion ostimotes are accurate
for computing confidence intorvel of & given vime. In
addition to this otudies have olsp beon nade to comparo
tho above said threc nmathods of catimation on the bosias
of extent of concuntration of tho estimate apround tho

populagion moan,

For this purpcse from the populations desceribed in
chapter - 11X, 200 indepondent camnlies ware drawa for
varyleg camplo sisos 10,15,20,2% & 30 unitse Prom the
ahove 200 semplesm, eutimates of tho population mean, and
the four nmomento wors computed for the sake of altudying
the frequoncy distribution of thooe estimates in rolation
with the true value. The genecroted populations a@s alrondy
mentioned follow upproximately normal distrdbution.

Honoo wo oxpect the ostimotes obtained fron the 200 soaples
ghould aloo behave approximotoly nommnl distributicon.
Thio bohaviour enn bo well studied by thoe measuxe of
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kurtosis and Charlier measure of skewness and these axe
T given by

Kurtosis (Tg) - f% -3 a,
Charlier measure -
of skewnsas (7{") -! a! .% 5

' 2
2
vhore &u }15/’,{5 /&n }14/}4’3,
ff. /%‘. %’ & jg are the central comants of the different
eatimates about their respective mean walues,

For 2 normel dintribution the abovo mentioned two
measures should be sero. In eddition to the ebove two
mescures the Pearnon Kappa (k) shbould also be sexp,

The expression foxr the k.is given by

a(2 -%—s)(%-sﬁ) \

Thene meagurss have been computed for each of ths
froquency distridution underlying throe procedures of
estimation for varying sample sises teken from sach of
the four poaulitxona under atudy. whq £iguroo are
given fn Table G.l.

In practicial aituations wo cannot obtain exact
values whioch we require, Fros the Table 6,1 4% is secn
that the value of three measures arxre around sero, Honoce
we can say that the estimatos obdtained follow approximatel
normal dletribution.
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8.2 zg,exam .7 Qgg

ao la
mates

The estimate of the variance onmbles the statiatician

~§o compute confidence interval of the population
'par&maeer (nean or total)s The confidence lnggfval
for the population mean £ €z (!h) for § given size
say o 1o <%

¥y F3 ﬁn‘l /2 (848@) wevsassannrerse S,eol)

whore b -1, /2 is the tevalue for (nel) 4¢ abcx“h
level and 8.4 48 the standard doviation of the mean,

By the oanflﬁencé intexrvael of sise &, wo msan that
the computed imterval will cover the unknown population
mean ¥, with probadility (1-X) where (1l=x) ia knoun as
the confidence cow~efficient, In othexwordo, it implies
that, in cage we selet 100 repoated samples of a gsvaﬁ
eise, and in 3acn case compute confidencs intorval of = |
‘sise A as given by (6.1), eﬂon out of 100 samples only
100 intexvals will not oover the pépulaaion rean while
the rost 100(lex) will contain the populetion mean,

That is to say 1f we use exact formals for the a.d wo can
expeot the probabllity shat the computed intervalwmkx will
cover the population mean to be (l=K).

;n the absence of exscot formule of 8.4 in the case
of ratio snd regrenscion entimators as also hoth ia and
9&03 not follpwing exaotly oormally diaéributod it s
quite likely that the probability that the computod
intexval wtli contain the population mean may deviate

from (l“xjv
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For this purpose from the 200 sample mean, ratio
and regression estimates, confidence intervals of two
digferent simes are computed for all the 200 estimates,
The siszes ql & %y of the confidence intervals are 6o
choosen that gn—l wfﬁa &S, Q@/B takes_gounded
values 1 & 2 reapeoaivoly, forths sake simplicity.

Teble 6,2 gives the percentage prodadilities that
fhe computed interval contains the population mesn. It’
will be geon from the table that the confidenge intervals
based on ratio estimators LY using epproxinate formule
of its atandard deviation are 'quite satisfsctory. The
probability of the confidencs intaorval of glven oige
‘$neresses with the value of f, Thus for all ssmple sises
for the value of fe0.29 the probability is less than the
confidence co~afficient, While for f«0,91 the reclised
probabilitlies consistantly(for all Qampln sizes) higher
than the co-efficiont of the ooét;dence intexval, It Lo
the came with the cose of regression sstimators &lso, |

6,2 Comparision betwoen sample n, ratio and regression
’ EEQE og'as mation 55 n"Eh 513 8 0¥ oxtent __&' A
-eongentration of the eggimnte around the population parameters
While compering the three eootimators vim., sample mesan

ratioc and regression on the dasis of variance critexion
(as estimsted from large number of repeaded cemplos) it
wag seen that sample mean wag superior than either ratio
0P regression method of eatimation for the populations

. where f 4 of order 0.3 or less, Ratio estimotes hae
got an edge ovor regression estimators when f runges frém

O¢3 to 0,9 However for tho population where f is of e
order 0.4 o more YeRreoniom . jound fo e dedinifely
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guperior to both samplo mean and regroasion.

In ordor to judge the relotive morits of those |
estinctos, & different oritorion, bascd on the exteat
of concentration of antimnoted values around the true
value of the population mcan has been adopted. “In
otherwords, likelihoods of &n estimate lying within
differnt ranges of concentration around the population
nean have beon worked out for the throc estimstors. Thoe
differend rangeo of conceatration conaidered are & 2.5%,
4+ 5%, and & 10% around the population mean.

Agcordingly, the estimsted values of population mean
obtaoinod on the bagis gy of three estimators, have been
clessified into different ranges of concentration around
the population mean, The figures given in Tablo 6.3
gives the percentage likelihood of an estimste lyiag within
different ranges of ooncentration sround tho population
me2n and for sanple asiges 10,20 ond 30 units ssleocted from

-

the gonerated populations.

To Judge the relotive performance of the eatimators
.on the basis of this ground, the following methodology
N
is ndopted.

//'(a) If an estimator provides estimate such that
likelihood of the eatimato lying in different
rangas 0f conceantration around ths population
paraneter{mean) is consistantly lorger than
the one provided Ly another ostimator, then
the formey eoctimotor will be regarded aos
suporior to tho lattor,

(b) 1If an cotimator provides eofimote auch that

1ikelihood of tho catimato lying in zmaller
rsugen ol goncentration around thoe population

parametaer(mean), eay +2,9%, is larger than
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the one provided by the other estimator, bdug for
R I R R
then an estimetor which has greater valuea of ’
MR 1o s e e e
On the dasis of this, 1% can be seen for the
populetion~I where the fvalue 48 0,2902 that wven for &
sazple sime of 10 u;ita ¢ 2aEple pean is bettexr than
both retio and regresaion, Also for gaemple sise 50233153
iikelihood of sample mesn astimete lylag arouad the N
smaller ranges is still higher showing once &gain thad
samﬁlo mean is much supsrior to both ratio and regression
actinator. Bowever for the other populations vhere the
f values liws batween 0.3 and 049 4% can be seen from
the Table 6.3 that ratio has got an edge over regression
ootimators Also due to extra anount of computational
ladbour involved in regrenssion catimator, retic may de
suggested in proforence to regresslon estinator where
f 13ea vetwsen 0.3 and 0.9, Bt fo& the populations
£70.9, regression eatimator fa found to Ye zost suporior

method of estimation, I




(ST 452, DISCUSTON,

Genorally, saaple survey stetisticiesa s facod
&ith tho prodlem ss to how he should make the best use
of available information on somo auxilary variable which
is highly correlatod with the veariadble under study.

‘The types of population whioh wo come soross is SuIveys
for satimoting the produotion or extont of cultivation
of agricultural comcoddtien genorally fokdow & lineax
regroession relationship on suxilary charsaotor Xs  Bence
in this thosis the population wapo assumed to ba coming
from o bivariate normal diastribvutions Pour populations
wero genorsated for 3063 difforent volues of f ranging
botwaen O3 and 0.9 for given nmson and givon stondord
deviationa. The X-gbservations wore treatod oo gquxilory

variaten and y~obhgarvations were tiusted g study veriated,

The progent gtudy was aimed at finding out the
suituble method of e.tirmation when suxidlary variatos arg
availidble, The study wos corried out through Monte=corio
methodo which enviuage tue simmulation of populations
which have the given pattorn of relation.hip botwesen tho
ptudy snd suxilary vaeriaten for come cesonably £ixed
values of narameterss TFrom cach on tho generated populotict
consinting of 200 unita, oorrasponﬁiné to the four
varying valuos of f, 200 indopondent cemple (fomr bets
of S50 ecach) for varying cample sises wore sclected. Bach
of theose ganplca provided eostimstaen of gcpulaﬁicn total
by using throe 4difforent methodso of ostication aloang with
the corresponding eécimatee of the varisncos, Cne eatimunq
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of the bias in the egtimate of tho population mean
agtimagod through ratio and regrossion rothods of
oatimation 16 providod by taﬁing the differonce hetwcon the
svosage value of tho oatimoten taken over 200 sanples

and tho true value of the population meon. Sizilorly

tho mean square of 200 eompled values of the estinates

of tho populaticg mean provides goticate éf the ¢rue |
value of the variance of an ogtimate of o given parsnoter.

The prosent ctudy has povesled the following results,

(£) Bo far as the amount of biss in estimating the
populatieon noan through ratic and regresesion estinator
ias concerned, the study has revealod that its value io
appreciably smoll belang less than 2% of the xoan for
all tho populntion,

(41) Comparing the perforsancos of tho ratio and
rogroosion matheds of ostimation with the sanple moan
for estivating the population mean on the basis of mean
aquare errors it has been establizhed that when [ 1o of
the order 0.5 or 1053 then samplo mean 18 proferable over
the ratio and rogression method of eotimation since the
true variahoe as estinmated by tho meon gguares botwooan the
ogtinates of the population meon provided by 200 independw
ent aanples, 1o coneictantly cmallor in the caze of
sample mean than in the case of oither ratio or regrosuion
method of eastimotion, For the population -~ I oven whon
tho sa oritorien f;viqxlor hold good the study haso rovealed
that sample mean fo superior than Bethwe ratio &» regrossion

nethod of estimation
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(114) Comparing ratic and rogression mothod of
ootimation 41t {es found that the regreseion is superior
than ratio method of estimetion when f $@ of the orxder
0.9 or more « Yor the intermediate veluos of franging
from 0.3 to 0.9 ratio estimator has got an edge oysr the
regres;ion eatigator for such populatiocns ap discussed
in this thesis, The second population which is #lightly

akswed hes not violated the expected results,

(4v) Btudy on likelihood of making & wrong decision
when comparision of ratio versus sanple mesn estimator
is based on a single sample hos revecled that for the
second and third populations thoe nrobability of committing
o wrong dicieoion (p) 6nd the sampling fraotion (f) is
beast rolated by the oxponential function of the form
p.u.“bf for 8,b>0, The value of B?. the multiple

correlation co-officient varied botween 0.81 and Q.87

(v) Bffort was elzo made to study the frewguenoy
Giatributions followed by estimatas of the mean obuaxnc&
by the three methods of estimation. It has deen found
that the estimptes so obtained follows approxinately
noranal distribution although thoere was & slizht skewness

in the sccond population this has not violated the

bohaviour of tho esticates following a normol distridubtion,

(vi) In studying the bohaviour of the apnroxipate
formnlae uping the confidonce intervalo 4t 4ia obasorved
that these mothods will underestimste the probablility to
8 vapry iittle extent in the abgoace of exact forsulae.
This clearly shows that the estinmate of the true variance

are more or less accurate,
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{(vii) To examine further the comparigion of the
ebowe said three methods of oatimation & deeper study

B-% S

wao made on the buels of the extent of concenbtration

of individual sample mean, ratio and regréssion estinates
provided by 200 samples around the ponulation mean, On
the bagis of this study it has dbeen gstablished that with
emall sanple aimea, the uae of regression eastirmatea is
warranted only if the corrslation between the study and
auxilary charactor (f) is @ascumed to bo of the order

of C.§@ and abovae, The use of ratio estimate is warranted
for f in between 0,3 and 0,9, Ferhaps for large sample
siges of 30 unita end above the use of reizresaion
estinutor might be warrented even in case f igélightly
less than 0.9 o The uase of sample mean astimator is

warranted when f is of ordey O3 oxr less,
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39,36 280,57

54,02 252,85

40485 156421
69452 333,22
54461 205,68
45,39 180,79
20,80 134,87
71,60 382,75
51.39 197.78
22,78 184,11
44,95 178530
50.07 244,30
56423 182419
4Q.33 77.48
38,322 110,47
51.59 246,66
36411 113,32
43,87 235,08
27457 Bl.36
{R.72 75,71
51,98 181,80
6739 312,28
28,54 100,6)
37,98 112,61
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—~3dde
112,
113,
114,
115,
116,
117.
118,
119,
120,
121,
d2ds
123,
1245,
125,

. 126,
127,
128.
129,
130,
134
132,
133,
i34,
135,
136,
137,
138,
1%
140,
141,
1492,
143,
144,
148,
146,
347,
’1“8.

£4426 318,83
55472 316,37
‘&708’2 66+ 08
49.10 262,35
43,29 214,97
50.06 222,64
3450 27.90
€713 224,64
53,37 211.20
77.86 332,70
48477 196,79
23,71 270.74
59,37 205.58
€9423 113,37
Q7,44 229,29
46,91 55.€6
41.€8 250440
42,8% 84,58
6@.69 235,67
57.78 2375.28
44,66 217.91
38,12 239,35
B7.50 15,33
58,80 316,61
56.86 232,77
43,86 146,57
59497 3574\&.”51~
7962 295,30
52.18 258,84
81,35 291,50
632,68 202,19

52,22 367.67

41,39 103,31
$1.81 320,34
31,04 309.81
43.2% 37,24
23,51 175,76
48 .63 320,70

47,90 228,24
73.91 73.19
59,91 57.62
84,32 235,15
54,80 194,01
35.49 238,32
49,17 112,54
50.96 278,66
58,18 344,22
42.19 164,51
53.86 285.28
52,33 232,87
28,69 135,62
3C.72 14,07
B52.16 88,15
48.52 272.18
44,00 108,88
59616 307,41
49,49 220,85
57,18 329,58
50.90 276,31

30,38 218,0¢

35,78 369,56
38,70 202.91
71.63 285,88
35462 157,61
55.68 338,79
87.28 215,73
A4%.71 205,11
44,14 272,28
55,95 239,52
35.75 181.72
26,08 181,453
60.92 396,28
44,58 271,16
61,97 178,95
67.63 228,45

5%7.78 1?3057
48,19 158,88
57436 187465
84,43 208.62
31.03 158453
45,29 130,48
81,03 82,43
51407 363,07
49.58 139.90
63,27 284.46
80,99 149,59
84,48 157.02
5999 174,67
48,36 252.20
59.80 331,93
57.98. 179.48
34,81 48,54

58435 128,14
64457 199.59
443,57 105,20
62,65 233.71
5238 195485
20,70 180448
33167 129,79
59,80 201,46
33,86 29,23
45,64 258,17
85,91 237,2¢
30452 55,08
5569 27333
€3,08 260,59
65,10 325,99
42,76 66,86
38486 203,35
02,74 346,77
18.44 43,71
99,10 230,98
48,87 224,14

60,26 250,21
40,82 153,87
G071 251413
57,81 266,77
77.01 378,96
58472 859035 .
53,08 238,76
€0s80 270.8%
47.11 155,39
50.55 173,46
51,87 297,26
8217 467,27
22,91 9.52
3758 160,13
30,72 169.68
5030 196,18
23,57 166,23
7058 379,41
32,91 90,40
94420 514,58
58,96 274,60
@3.13 305,57
554628 228,02
57098 97,48
40.37 193,60
50,58 211,15
52.27 285.9%
58,232 223,69
26,58 30,06
75457 397.58
€7.72 292,30
5075 263, 99
62,18 212,82
30.,29 18,34
9670 267.4%
99,47 283,86
47.97 178.61
47,93 177.78
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180, 78.70 155.69 ©61.86 180.72

150,
151,
x52,
193,
154,
158,
156,
157.
188,
159,
160,
l16l.
162,
163,
164,
165,
166,
167,
168,
1e9,
170,
171.
172,
173.
176,
175.
178,
177.
178,
170.
180,
181,
182,
183,
184,
188,
186,

44,17 100.26
62,68 203.70

38.93 259.83
40,43 77.78

68.24 230,18 61,30 267,00

50.€69 164,02
63,57 166.71
58,06 239,01
40,49 352.12
34,86 106,05
59,89 125,89
39.42 B8.60

53465 156.91
57.81 165,14
51,30 165.34
53,82 158,98
48,45 284,82
47,16 163,07
6218 250,99

56,09 1€8,76 €8,77 338,02
38,99 249.66 29,69 29477

78.65 221,46
53.72 123“.71
45,55 310,02
37451 345.40
41,28 280,03
59,55 403, 38
61096 48.88
B7:2% 143,20
37.08 151,38
61,25 264,59
52,96 216,19
52,90 195,86
43,47 266413
5271 76.80
38,79 285,93
41.70 268,99
45.64 351,74
58.87 271.79
41,25 173,98
61,08 183,30
39,60 223,84
49.11 324,10
46,98 191,40
35.08 192,48
62,32 205,21

65403 393,65
57.55 438,03
2,81 17735
50473 6255
83,26 6,97
35,92 714,92
58,88 179,18
81,38 86433
67.58 316.98
45471 %08,8Y
38,80 207,65
33,11 319,77
3719 88,91
38.90 154,41
50,58 252,39
69,02 d30.39
51.24 192,54
53,78 244,2%
17,21 168,17
29,53 6,16
67,80 351,16
47,37 210,27
30,32 93.82
50,36 207.86

67.86 233.35
54,26 9%.33
86475 237,66
49,91 146,12
65,09 300429
40,42 58303
9508 365.€2
63.30
55440 236,60
50,19 117,38
40488 154,07
61,36 186.11
63,44 320,89
61,00 246,78
44,68 263,45
65.12 359056
40,55 72.86
49,58 206423
54,48 257,46
87,63 247,64
52,16 107.38
46,15 118,93
36,80 148,67
40099 1“9059
33,90 93412
44,33 129,72
568,29 200,94
59.23 473,22
€4,58 429,50
41.97 143,00
45,90 152,484
36436 162,70
€6,07 279,83
31,03 202,84
85495 113,77
43,27 155,11
26,47 242,87
52637 289,92

236441

49,53 184,55
37, 26 209.82
67.82 364.59
68.48 328,49
63, 08 312,53
41.88 914
97.98 284,11
53485 216465
43,86 102,32
60,99 359,38
56.81 226007
835,56 7531
7380 402,17
57,90 172,13
42,73 102,26
69.28 366,57
59.79 252,77
65.68 302,07
86,33 222,13
36469 103.88
52.53 194,56
58,82 278,53
55.26. 122,90
48,10 227,56
5779 114,50
50.46 350,22
{0,69 136,79
41,01 209,58
50,84 193,31
62.0n 282,89
43,48 163,24
52,85 210,63
36,80 127.16
50.23 75.14
53497 228,99
59.72 561,26
48,39 139,68
34.42 178,64
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187, 59.10 155.85\
188,

189,
190,
191 [ 2
192,
193,
198,
195,
166,
19? [ J
198,
199,
200,

—_—

27.30 173.72
38,92 105,86
39.82 322,98
47.89 179,30
52431 213,02
60,14 190,84
A4.,88 80,69
S1.04 286,49
7802 193,96
€8.,10 183,73

62.31 333.93
33,30 235,10
93,42 157,28
65.03 132,78
64,99 306,69
56,40 181.5%
78.03 275,01
43,03 187.80
51,79 509451
78,26 333,223
52,86 168,01

56,86 111.61 64,48 249,89
56482 202,39 46,536 156,10
80,04 339,88 42,35 139,23

31,25 251,09
g0.07 19€.09
87,36 126,32
86,48 186,54
50+93 117,42
43,54 157.77
86,23 187495,
35470 223,42

61,91 208,61

26437 193,21
83,56 280,77
63¢55 319,17
28,61 111,62
53,50 119,59

49091 209,01
38,59 137.40
53.89 225,22
5%7.01 159,99
3373 148,69
64,32 267,91
83,60 158,67
4$8,88 249,78
32.17 28.76
71.56 595.88
46,69 253,50
56¢53 182,90
$9.86 290,49
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