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1. General

Sampling is one of the methods of
selecting and analyzing specific quali-
ties which refer to statistical popula-
tions. The basic problem of sampling
technique is that the estimates of pop-
ulation parameters from one part of it
(sample) have the errors of sampling
and testing (or measuring).

Sampling errors are distinguished
into random and systematic ones. A
characteristic quality of random sam-
pling errors 1is their variability and
their tendency of shelf-neutralization,
while systematic sampling errors have
as a characteristic  quality their con-
stant size and the way of their direc-
tion. Random sampling errors are
actually due to chance variation in the
combination  of items of a sample,
while systematic sampling errors are
probable to appear during the selection
of a sample. During the process of
testing (or measuring) may also occur

errors which are called testing (or
measuring errors). Sampling and test-
ing (or measuring) errors definitely

cause a certain cost, the behavior of
which will be examined in this paper.

2. Process to be Followed

Let us assume that the total num-
ber N of the population has been divid-
ed into sub-populations consisted of N1,
N2 . . .Nh numbers, where N1 + N2 + .
. .Nh = N. These "h" sub-populations
are called stratifications.

Further on:
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a) From each stratification we take

some simple random samples (e.g.k).

b) We carry out replicated tests in
every sample. Let it be "m" replicated
tests in every sample. Finally, <
hxkxm > tests (or measurements) are
carried out with random process over a
period of time. We introduce the fol-
lowing symbols and definitions:

h = number of stratifications (hEN*),

N*=1,23...

k= " " samples per stratifica-
tion (KEN*)

m= " " replicated tests sample
(mEN¥*)

During the measuring (or testing) pro-
cess we find out:

S2h = Variance appeared by the sur-
veyed characteristic among the samples
from the same stratifications.

S2k = Variance appeared by the sur-
veyed characteristic among the samples
from the same stratification.

S2m = Variance appeared by the sur-
veyed characteristic among the tests
(measures) in the same sample.

1.  The variance tests differ among
them only to testing (or measuring)
€ITor.

The variance among repeated tests



on the same sample is an estimation of
variance S2m with hxkx(m-1) degrees of
freedom. The "variance of Mean" of
"m" replicated tests in every sample is
S2m.

2. The "k" sample (selection) means in
the same stratification, differ from
each other, partly because of the mea-
surement error, expressed by the "vari-
ance of Mean" S2m/m and partly be-
cause of the sampling error (during the
selection of samples) expressed by the
variance S2k.

Measurement errors are indepen-
dent from the errors of selection (sam-
pling errors) and therefore the variance
of sampling means will be:

S2k + S2m/m (1)

The variance of (1) is estimated
by the variance of sampling means in
the stratifications with hx(k-1) degrees
of freedom. Therefore, the "variance
of the Mean" of k samples per stratifi-
cation, will be due to sampling and
measuring errors and
(S2k+(S2m)/m)/k = S2k/k+S2m/km  (2)

The variance of (2) will apply to
the following cases: (i) When "k" se-
lections (samples) are independent and
"k" selections are tested "m" times
independently, and (ii) when "k" selec-
tions (samples) are unified into one
sample and then kxm tests are carried
out.

3. The mens of "h" stratifications are
also subject to a variance S2h which is
independent of S2k and S2m.  There-
fore, the total appearance (T.var.)
among stratifications mean is :

T.var.=(2)+S2h=S2h+(S2k/k)+S2m/k.m (3)

The variance of (3) is estimated by
the variance of the means of stratifica-
tions with (h - 1) degrees of freedom.

III. Results
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We define sampling and testing cost
assuming that these costs vary linearly.

If C1 = selection Cost of a sample and
C2 test cost (each test costs the
same)

The best scheme is the one men-
tioned, "variance (V) of the Mean" of
"k" samples and "m" trials per sample,
is:

V=(S2k/k)+(Sm/k.m)=(S2k+(S2m/m)/k)

i.e. k=(S2k+((S2m)/m)/V) 4)
The total cost of "k" selections
and "kxm" trials (tests), will be:
C=k.C1+k.C2.m=k(C1+C2.m) (5)
From (4) and (5), we shall have
C=(S2k+(S2m/m)/V) (C1+C2.m) 6)

C=[(CI)(S2K)+(C2)(S2m)]/V) + [(m)(C2)
(S2K)1/V) + [(C1)(S2m)]/Vm) (M

Differentiate C with respect to m and
minimize:

(de/dm) = [(C2)(S2k)/V]-[(C1)(S2m)]/
(Vg(m2)= 0 = (C2)(S2k)-[(C1)(S2m)/(m2)

where m2 = (S2m)/(S2k)*(C1)/(C2) and
m = (Sm/Sk) |/ (C1)/(C2) (8)
The second derivative

(d2)(C)/(d)(m2) = [(2C1)(S2m)]/(m3)

for m = (Sm/Sk)
(d2)(C)/(d)(m2) >0

(C1/C2), is

Therefore, the best scheme (which
gives the minimum cost) is the one
resulting form (8) and (4). The in-
fluence on the whole accuracy of re-
sults is given in the following diagram.

In this diagram, the axis of the
ordinate (T.V) refers to the total vari-
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ance, while the axis of abscissae refers
to the number of samples (k) by strati-
fication and the number of repeated
tests by sample (m). The curve refers
to the velocity change in T.V when k
and m are increased.

IV. Example
1. Let S2k =900 , S2m = 400 and the

permissible variance of the mean: V=200
Let C1/C2 = 1/10. Then, m = (30/20)

(0,10) = 0,474 = 1 (to nearest integer)
and from (4):

k = (S2k)+(S2m)/(m)/(V) = (900 + ((400-
/1)/200) = 6,5 =7

Thus,k=7andm=1

» |

k,m i
2. Ifk=10 >7 andm=1
10 =900 +(400/1)/V) =V =130 < 200

i.e. an increase in the number of samp-
les per stratification (k) from 7 to 10,
results a decrease by 35 % in the vari-
ance of the mean, thus an increase in
the efficiency of stratified random
sampling.

3. Ifk=7Tandm=2
7 = (900 + (400/2)/V) =V =157 <200

i.e., an increase in the number of repli-
cated tests per sample (m) from 1 to 2,
results a decrease by 21.5 % in the
variance of the mean, thus an increase
in the efficiency of stratified random
sampling.
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