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1.  INTRODUCTION

Suppose a simple random sample without re-
placement is selected in a geographic tabulation
area. The wunits 1in the tabulation area that
would be interviews if selected are fixed. The
tabulation area is divided into a collection of
sub-areas each of which is geographically contig-
uous. A survey of the sample cases is conducted
and a portion of the sample cases are noninter-
views. Two data adjustment alternatives are
analyzed in this paper under three specific sets
of conditions relating to the distributions of
the characteristic of interest and the popula-
tion interviews across the sub-areas. The first
data adjustment alternative is to form an estima-
tor using the simple noninterview adjustment for
the entire tabulation area. The second data
adjustment alternative is to form an estimator
using a simple noninterview adjustment within
each sub-area., For each set of conditions, the
expected value and the variance of the two alter-
native estimators are compared.
2.  NOTATION

Let
N = population size
n = sample size
ny = interviews
no = noninterviews
yij = value of characteristic Y for sample respon-
dent i
N; = the size of the subpopulation that would be
interviews (the units included in Ny are
fixed)
Y1 = the total for characteristic Y for the sub-
population that would be interviews
- N1
Y1 ==— = the tabulation area mean for the inter-
Ni  view population
S2 = the variance of characteristic Y for the
I subpoputation that would be interviews
Np
Wi = =— = overall population interview rate
N
¢ = number of sub-areas (cells)
Nj = population size in cell j
Nj1 = population size in cell j for the subpopu-
lation that would be interviews (the units
included in Nj; are fixed)
nj1 = interviews in cell j
njz = noninterviews in cell j
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nj = nj1 ot ong2
¥ji = value of characteristic Y for sample re-
spondent i in cell j
S2 = the variance of characteristic Y for the

J1 subpoputation in cell j that would be
interviews

N.

J R . .
Wj = - = the proportion of the population in

N cell j

Nj1 .
Wj1 = ——= = the proportion of the population that

N would be interviews in cell j if

selected in sample

Yj1 = the total of characteristic Y for the sub-

population in cell j that would be inter-

views
- Y
YJI = == = the cell j mean for the interview

Nj1 population

3.  VARIANCE OF ESTIMATORS

A

Let Yy denote the estimator using the simple
noninterview adjustment for the entire tabulation
area and let Y, denote the estimator using a
simple noninterview adjustment within each sub-
area., Table 1 shows each estimator and its ap-
propriate variance. Finite population correction
factorsg are included.

V(Y1) was derived using the fact that the
variance of a random variable is the sum of the
expected value of the conditional variance and
the variance of the conditional expected value.
The condition used was the sample interviews in
the tabulation area. The E(1/ny) was approxi-
mated using the second order Tayor linearization
about E(ny)=Wyn.

V(Y2) was also derived using the sum of the
expected value of a conditional variance and the
variance of a conditional expected value. The
condition was the sample interviews and noninter-

views in each sub-area. The E(n 2/n was ap-
proximated us1ng the second order Tayﬁor linear-
ization about ) 1gnoring
the cross product %erm. *hus tH% C nj
excluded. An approximation for V( Y2 t%

ignores the finite popu]ation correction factors
but includes COV(nj nj1) is given in (1).

Note, in Table 1, that for v(¥9), 0p is the
port1on to the right of the last + sign. Thus
0p is the portion that includes the Vjj values.
4. CASE I (See Table 2)

For Case I the total of characteristic Y for
the subpopulation that would be interviews is
distributed across the sub-areas or cells pro-
portionally to population and each cell has the
same population interview rate. These conditions
are illustrated in Table 2., Using these condi-
tions the expected value of Y2 can be shown to,be
equal to NY[ which is the expected value of Y1.




Furthermore, these conditions result in 0p=0 so
that V(Yp)=0;.

If the variance of the subpopulation that
would be interviews is the same in each cell as
the variance for the subpopulation that would be
interviews in the entjre tahulation area then, as
shown in Table 2, (Y2)>V(Y1) Thus, since ex-
pected values are equal, it is better to have
only one noninterview cell for the tabulation
area.

If the variance of the subpopulation that
would be interviews in each cell is proportional
to the interview popylation cell size then, as
shown in Table 2, V(?2)<V(Y1) Thus, since ex-
pected values are equal, it is better to divide
the tabulation area 1into the ¢ noninterview
cells.

A practical application for Case I is esti-
mation of a characteristic which can be consid-
ered a 0,1 variable, a population unit either has
the characteristic or it does not., If the pro-
portion of the population that has the character-
istic is thought to be about the same 1in each
sub-area and survey cooperation rates are also
likely to be about the same in each sub-area,
then Case I with equal cell variances applies.
5. CASE II (See Table 3)

For Case II each cell has the same popula-
tion interview rate and the cells can be divided
into two groups so that k of the ¢ cells have a
disproportionately large share of the total of
characteristic Y for the subpopulation that
would be interviews 1in the tabulation area.
Within each of the two groups the group total of
characteristic Y for the subpopulation that
would be interviews is proportionally distributed
to the group cells. These conditions are illus-
trated in Table 3., Using these conditions the
expected value of Y2 can be shown to equal NYp
which is the expected value of Y1.

If the variance of the subpopulation that
would be interviews is the same in each cell as
the variance for the subpopulation that would be
interviews in the entjire tabulation area then, as
shown in Table 3, (Y2)>V(Y1) Thus, since ex-
pected values are equal, it is better to have
only one noninterview ce]] for the tabulation
area,

1f the variance of the subpopulation that
would be interviews in each cell is proportional
to the interview population cell size then it is
better to divide the tabulation area into the
noninterview cells if and only if inequality *
as shown in Table 3 is true.

A practical application of Case II would be
estimating total property value in a tabulation
area where it is felt that a portion of the area
has higher property values than the other sec-
tions. Furthermore, within each of the two com-
ponents of the tabulation area, property values
are felt to be evenly distributed across sub-
areas., Survey cooperation rates are likely to
be about the same throughout the entire tabu-
lation area.

6. CASE 111 (See Table 4)

For Case II1 the total of characteristic Y
for the subpopulation that would be interviews
is distributed across the cells proportionally
to population and the cells can be divided into
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two groups so that k of the ¢ cells have a
larger interview rate than the remaining cells.
Within each of the two groups, each cell has the
same population interview rate. These conditions
are illustrated in Table 4. Using these condi-
tions the following expression can be derived:

A Nj Nj|2 Nj
E(Y,) = V|31 T * §:=k+ /(N( 1-f2|3-1 W

where
NI
ﬂll = fo — with fy>1, fp<N , and fo<N
N N NI Nj.
Thus, the expected valye of Yy does not equal

the expected value of Y(E¥;= NYT).

For the case of the variance of the subpopu-
lation that would be interviews the same in each
cell as the variance for the subpopulation that
woyld be interviews in the entire tabulation area
V(Y2) was compared with V(Y;) for a tabulation
area population of 1,000,000, sampling fractions
of .01, .05, and .09 in the tabulation area,
overall interview rates of .7, .8, and .9,the pro-
portion of the tabulation area in those cells
which have a larger interview rate equal to .25,
75, .75, .85, .90, and .95, and various possible
interview rates in the cells with the larger in-
terview rate. As presented in Table 4, for all
these comparisons V(Yg) was greater than V(Yl)
Thus, the variance of an estimate using one non-
interv1ew cell for the tabulation area is likely
to be less than the variance of an estimate form-
ed by dividing the tabulation area into noninter-
view cells. Since the expected values are not
equal, consideration must be given to mean square
error,

A practical application for Case III would be
estimating a 0,1 characteristic where the pro-
port1on of the popu]atIOn that has the character-
istic is thought to be the same in each sub-area.
However, it is felt that a portion of the area
will have a higher cooperation rate than the rest
of the tabulation area., Within each of these
components of the tabulation area, cooperation
rates are likely to be the same in each sub-area.
7.  VARIANCE ASSUMPTIONS

Nonequal variances within each noninterview
cell was examined for the model S proportional
to the cell interviewed popu]at1gn size. This
might be expected when there are forces that
exert a similar influence on elements close to-
gether, (For example the estimated number of
households with a poverty level income.) Equal
variances within each noninterview cell is more
likely close to reality when all sub-areas are
large.
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Table 2 - Case I

Ny Y
Conditions Yj1 = =~ for all j

N
NI Ny

Njj = —— for all j

J

N
A A p—

Expected Values

Variances

0, =0
Fal
V(Yp) =04
2 2 2 .
1. If Sj1 = Sk1 = Sy for all j, k, then
2
n A 7N S[(e-l)
V(Yz) > v(n) + — >vin)
n NI
2 A Np Nj
2. If §51 = ANy = for all j with A a constant that does
N

not depend on Nj], then

V(Yp) = V(?]) + 27 + Z, where
N3 Al
21 = —5" (2-n) < 0 ifn>2
L nt
1y = | (n-2)! ¢ Nj| >0 ifn>2, and
AR P
[nal ) )
Zy + 23y = = | —— (n-2 Ns Nii <
1t E '.nz J! (n-2) Jij‘ 3teo

Conclusion

If the interview population variance of characteristic Y is equal
to the tabulation area interview population variance for each
cell, then it is better to have only one noninterview cell for
the tabulation area. If the interview population variances are
proportional to the interview population cell sizes, it is better

to divide the tabulation area into noninterview cells,
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Table 3 - Case II

Conditions

1. Divide cells into two groups; one with k cells the other with
c-k cells.

2. The k cells have a disproportionately large share of the total
of characteristic Y for the interviewed population in the
tabulation area.

3. For both groups, the group total of characteristic Y for the
interviewed population is proportionately distributed to the
group cells.

NI Nj

4, Nj1 = for all j

N

Expected Values

A

EV) = E(Y) = NV

Variances

1. If 2 =52 = for all j, k, then
jI kI I

2
A A (1.78) WS (c-1) A
ViY2) > v(n) + 5 + 02 > v(n)
n~ N
1
2 AN N
2. If S5 = ANjj = =——— for all j with
J1 J N
A a constant that does not depend on Nj], then
A A
V{Yp) < V(Yy) if and only if
{N A c
;-2— (n-2) 'Z.Ni Nj > 02 *
in i#j

Conclusion

If the interview population variance of characteristic Y is equal
to the tabulation area interview population variance for each cell,
then it is better to have one noninterview cell for the tabulation
area., If the interview population variances are proportional to
the interview population cell sizes, then it is better to divide
the tabulation area into the noninterview cells if and only if

inequality * above is true.
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Table 4 - Case II1

Conditions

1. Divide cells into two groups; one with k cells the other
with c-k cells.

2. The k cells have a larger interview rate than the remaining
cells.

3. MWithin each group, each cell has the same interview rate.

Ni Yi
J for all j

4. Y51 =

Expected Values

Variances

2 2 2 A A
For Sj1 = Sk1 = Sy for all j, k, V(Yp) was compared with v(Yy) for

Ny
N = 1,000,000, - = .01, .05, and .09, — = .7, .8, and .9,
N

=21 3

= .25, .5, .75, .85, .90, .95, and various possible
interview rates in the group of k cells. For all these

A A
comparisons V(Y2) was greater than V(Y]).

Conclusion

If the interview population variance of characteristic Y is equal
to the tabulation area interview population variance for each cell,
then the variance of an estimate using one noninterview cell for
the tabulation area is likely to be less than the variance of an
estimate formed by dividing the tabulation area into noninterview
cells. Since the expected values are not equal, consideration

must be given to mean square error.
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