NOTE ON THE SAMPLING ERROR IN THE METHOD OF
DOUBLE SAMPLING

BY CHAMELI BOSE

In problema of sampling, iho population mean valuo ¥ of a chararler y can bo extimaled with &
certain onler of precixion from a samplo drawn at mndom from & population (xay ). It may bo some-
timea difticult or uncconomical to measurs directly the mean chameter y from a largo samplo.  However,
in this situation the samplo mean valus of the charater y as an extimate of population mean value ¥ can bo
estimnted with some margin of error from the knowledige of a mecond character 2 provided thero is signifi.
cant correlation between tha two chamctera x and y.

This requires the evaluation of thoe regrension equation of y on x in a preliminary or exploratory
experiment, hero called the first stagoe; and the ultimato 1sa of the same refalionship in estimating the samplo
mean vatuo of the characler y from a second sample consialing of the measurements of the charucter x only.

From tho procetlure outlined abovo, it is quito clear, thot the error of cetimate of tho sample mean
valuo of the chareter y will arino from two sources. Thero i orror in tho predicting equation and nican
valuo of tho character r.  Fimstly the parametees of tho predicling equation anid socondly the observed
mean valio of the character x {on which is based tha entimated or prodicted samplo mean valus of character
) are mbject to sampling fluctuationa ; and any measuro of reliability of the predicted valuo must there-
fore tako nota of theso twa ervors.

The present problem may therefore be looked upon s a procedurs of doublo eampling involving
(1) tho emtimation of the regression cquation from tho first of "exploratory stago’ of sampling, and (2)
the extimation of tho mean valuo of the charscter x from tho sccond) of ‘mirvey stage’. Tho question has
slready been discussed in an corlier nota (Seionco & Culturo, 7, 194142, 514).  Threo methods immediately
ruggest themselves in which this doublo sampling techniquo may bo carried out.

Typo (1) + Repoated sampling in tho ‘exploratory stage’ would give us fresh sots of regreation
equationa which can ho ultimately uscd with different cstimated mean valucs of the chamcter & determined
from several samples In tho ‘survey atage'.

Typo {2) ¢ A single sampling in tho *exploralory staga’ gives us & uniquely cetimated regression
equation, which will bo used with thie diffcrent valuen of tho oatimatod nican valuo of the charncter z obtained
from different samploa in tho ‘survey stago’.

Typo {3) ¢ Finnlly tho extimated mean valuo of the charactor z may bo determined once for all,
and different eatimalen of tho mean veluo of tho character y obtained by using soveral regression equations
calculated from sevoral sanplos in the *exploratory stage'. Thia is probably more of academic than practis
cal interent.

The variance of tho extimato T* of the samplo mean valuo of tho chameter y mado from two sages
of sampling procedure (Lho firt stage giving tho cwtiimntes of tho parnmetors and the sccomd atage the ectimato
of the population mean valuo { of ths choracter x) hns boen worked out for different types of sampling.

Let 2y, 'y . ., X% bo the valucs of tha character x in tho ‘wurvey atnge’ and ‘a* and ‘4" tho conxtants
etimated from the ‘exploratory stage’. Then tho estimato Y* of tho ssmpla imcan veluo of tho chamcler
¥ *illboa + b2 whera
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The varianco of the cstimata ¥ for different types of sampling is given holow,
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Type (1) 1 Varying over both tho stages

1 14 {n =410 1 1 .
',[—n-(l—b')+{—.:—;-—](—g-+T)] T
n—2 . — - .o (1)
TEER O e ) (1 4 pin = 4) (12
Type {2) = Varying over the second stago only
m=g (7 ) - (20)

Typo ()1 Varying over the frst atags only

N _ n—2 {r—fp . (30
sty e A5, 2o o

where n ls the size of the mamplo in the "oxploralory atago’ ami N tho xizo of tho sample i the ‘survey stoge’,
16 Yt e o y'x Lo Uso unknown valuce of y (in tho survey stage) corresponding 10 'y X'+ - X'n
and
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then the dliscrepancy betweon 37 {tho true samplo mean of tho choracter of y) ami ¥ ((he extimated sample
mean of (he character y) will bo {3” — (n + 677).

The expectation of tho squnre af tho diserpancy
it el —(a 4 b))

¥ for the different types of mampling are given below,

Typo (1) 1 Varying over bath tho stages
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Tvp? (2} Varying over thn sccond siagn only
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Type 13) 1 Varying over the fimt stagn only
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It is olten ronvenicnt to estimato o

yiekd of & crop indirectly from ohervations on mom cacly
meamired but correlatel eharcten. For example, in the ense of cincliona bark from a knowlalgs af physical
monsnremienls (ruch as height, girth ete} of living planta; or in the case of (nto filre feom weight of groen
plantacte.  In much caxea if the ewlimnting equatien ix i uolermined on a sufficicnt ly biond basia then the
mean yield can bo forcenstrdd in different years {or scaxons) or for iliflennt places in the same year fif the
aamo relation hotween tha charactest hobis for differant placov) by maaturing tho character x only in the
‘wievey stago’. How fac the predicted valucs differ from the populntion valies may bo then ohtare)
from equation (3).  On the ollw hand i7 expoariments an a mufficiently witla senls con not he earricl ont in
ing equation itaelf ix likely 1o vary from aonson (o seavon of from place
to place thon holh Uie mingen of aampling wonhl hiave 10 I reprated on every occainn and tho Appropriate
extimato of 1ho discrepancy of the prodicten] values would bo given by equation (4).  In these problema the
dicrepancy, naturally, has mom practical importance as (ho varianco of y (given by equations () snd (1)
rempoctively) morely suppliex an indircet o~timata of the varianco of x, and hax no xjceial Ggnificance.

My thanka ara duo to Prof. P. C. Malulanobis, wha nandt tho method of doublo sampling in 191041
timaling tho yickl of rinrhona bark in the Gaverniment Cinchona Ilantation st Mungpos, Hengu) for
sllatting the aiatistical analysis to me, and 1o Mr. 8. N. Roy for hia kind help and interest {n my warek,

* Thesa are the reviand fonne of squations g

1 in 1ho surlicr note in Scienes & Crelturs, 7. 1941.42,
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