SOME FURTHER RESULTS ON ERRORS IN DOUBLE
SAMPLING TECHNIQUE*
By CITAMELI BOSE
Statistical Laboratory, Calcutta

I, The auther (1942, 1043) stwdied some types of doullo sampling
technique which consists in ohtaining an expression for a character y, sometimes
diflicult or uncranomic to mensure dircetly, in terms of an appreciably correlated
character r, casier to obtain. Such problems were studied also by Neyman (1038),
and Cochran (1939); but their methoda of approach were different.  Snedecor ord
Kirg (1942) obtained o formula for the variance of the forcensting equation for
a situation which is cloxcly similar to & caso that lins been called Type (1)
doublo sampling techniquo by tho present author (1943). In this method of
sampling, of which extensive use has been made in US.A., repeated samples aro
considered in both tho stages. Type (2) double-sampling technique consiats in a
single sampling in the first stuge, and repeated sampling in the sccoml stage whereas,
Type (3) constitutes repeated sampling in the first stage and a uniquo samyple in the
sccond stage.

The adequato error formulao for determining the accuracy of the estimates in
all these types of sampling were derived by the presont author in the sbove men-
tionod works. In the present paper somo additional formulae for the error of
tho forecasting equations have been investigated for the cases where the character x,
the concomitant varinte, ia kept constant (i} in Loth tho stages of all the types of
sampling and (i) in the first stage only, but will vary in the second stago
according to tho conditions of the sampling typo.

2, Letz'y, 2'y,...,2'x bo tho values of tha character z in the second stage of
sampling and @ and b e the regreasion constants estimated {rom the n sets

(i 9 (20 YadeodZas )
of tho first stage. Then
' = a+b¥ = g+b{#'—5)

where £ = (', 42+ + 2N, is the pradunted mean of the character y.

The variance of £ in the three differcut types for the casea (i) and (ii) aro
given below:
Case {i):

Type (1) : Varying over both the atages, i.e. at both the stages of sampling
z's are fixed but y's are allowed to vary.
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“Tho reaulta on tho orrors of all tho ostinating funclions given in this paper wers presented before
the thirty-third sosson on the Tndinn Science Congress at Bangalare in 1240,
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Typo {2) : Varying over tho sccond slago only, i.e. unknown values of Y in
tho sccond stago arc ouly allowed to vary and £ () becomes samo as £ which is
a+b42 ond naturally veriance becomes nil,

Type {3) 1 Varying over the first stage only, i.e. z's aro fixed at both the
stages of sampling Lut y’a vary only at tho first stago of sampling.

(2'—2)
dfl,i = v",.,[ + ‘_(l_f)r:l
with E(f) =a+f#. Tho variancs of Type ({f) of case ()} is sanic na that of
Type (1) of caso (1), sinco unknown values of y in the sccond stage of sampling do
not enter in the variance formula.
Case (i)

Typo (1) : Varying over both tlie stages, i.e, z's in the first atago only are
fixed and others aro ollowed to vary.

. (2—¢y [
df' =0 rx[ ‘(:-i)‘] [fi_-t—l)' ]
with E (') = a+8¢.

Typo (2) : Vorying over tho second atage only, i.e. 2's and y's in the sccond
stago of sampling only are allowed to vary

1
a2 L}
opt = ('_: r) a;,
with E (F')=a-+b¢. The variance in this easo is samo as that of the original Type (2)

techniquo since tho resuitant effect on z's and y's due to restrictions becomes
same.

Type(3) : Varying over the first stago only, i.e. z's are fixed at both stages
and y's aro allowed to vary at tho first stago only.

(-2
= "’"'[ wtIE= :;']
with E (") = a+f7. The variance in this case is the same as that of Type (1) and
Typo (3) of case (i).

3. To measure tho goodness of the foreensting equation, the expectation of
tho square of the discrepancy between tho true sample mean §° (with the notation of
tho author’s previous works), which is unknown, corresponding to the sample mcan
value of the charucter z in tho second stage of sampling and tho estimated mean
value ¥* for three different types of sampling technique have been worked out
(Bose, 1943). Tho expectation of the square of the disercpancy will serve the
purpose of deciding which of tho concomitant variates or which particular combi-
notion of them should bo chosen for furmishing the Lest forecasting formula,
Usually that variato or combination of variutes wll bo chosen for which discrep-
sncy will be minimum at certain cost.
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Lot 'y &' o'y bo the unknown values of y{in the sccond wtago of
sampling) corresponding to z'y, 2gpns, 2y o0k § = O F ' r o+ YN then tho dis-
crepancy botween §' (the teuo sample mean of the character y) and £+ (tho gradua-
ted mean valuo of the character y) ia given by (§°~(a4b2')}. The expectation of
the square of the discrepancy, ie, E{g'—(a+br) for tho threo different types of
sampling with 1he two specinl reatrictions {i) and (ii) aro given below :

Caae (i):
Type (1): Varying over both tho stages

B =1 = """I:x+ =
Type(2) : Varying over the second stage only
ot 3o :
E(y-F)r == —'-+ (§—a—pr)4(r-2) "L ']

Type (3) : Varying over tho first etage only

s oy (2
—fp= 0’.-.|: s ,).:l Hy' =B
For tho sbove three cases, it is assumed that the conditional dietribution of yon
z will remain same at both the stages of sampling.
Cace (i1):
Typo (1) : Varying over both the stages

—p ...
E(5-F )‘=a’,,|: L(;—‘),),] [#,—).w] of + a3 (1-tpy

Type(2): Varyiog over the second stago only

h

BT = o3 +(G-a=po=tr2-op+ (2 )az. ~2rr g

Typo (3) : Varying cver tho first stage only

Ey—F)' =o', [ + ({(I_’l,,] g = EP

Expressions for discrepancies in the cases (i) and (i) for Typo (3) aro
same, as the sampling procedurca Lecowio identical,

4. The instructive featuro of the npplication of Type (1) sampling techuiq
(Bose, 1043) ia that it docs not add any extra information about tl:e population mean
of y unless the information about the itent variato z obtained in tho second

stago of sampling is greater thon that of the first stago of sampling whero the
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measuiements of both the claracters are tuken. Original Typo (2} sampling technique
can bo applicl with advantages in thoxo situations where second stago sampling is
done on a different population or on n set of populations having the anme physi-
cal relationship between characters y (difficult to measure) and z (casicr to
monsure) as that of tho first stage of ssmpling but diffcrent mean levels at
different stages of sampling. Such a situntion arose in connection with estimat-
ing cincbona bark from a knowledge of physical measurements such as height,
girth, number of stems, surfuce arca, thicknexs of the bark ete. of tle living
cinchona plantsat diffcrent places in the samo ycar as well as in different years for
tho samo places whero in actual practice it was found that though the mcan valucs
of physical measurements as well as yicld of bark  varying considerably, the
physical relationship bet tho cf ter ined remarkably stablo at different
points of possiblo variations, thus suggesting the possibility of constructing a single
forecasting function which is convenient as wcll as cconomic to apply. 1,
however, thero is any doubt about the stability of regression equation at different
pointa of possible variations, then Type (1) sampling technique, i.e. repetitions of
both the stages of sampling on every occasion should bo used for checking the
continucd stability of the physical relaticnship between the characters x and y.
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