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i .  INTRODUCTION 
Suppose a simple random sample without re- 

placement is selected in a geographic tabulation 
area. The units in the tabulation area that 
would be interviews i f  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 f i r s t  
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 s ize 

n I = in te rv iews  

n 2 = noninterv iews 

Yi = value of c h a r a c t e r i s t i c  Y fo r  sample respon- 
dent i 

N I = the s ize of the subpopulat ion tha t  would be 
in te rv iews  ( the un i ts  included in N I are 
f i xed)  

YI = the t o ta l  f o r  c h a r a c t e r i s t i c  Y fo r  the sub- 
populat ion tha t  would be in te rv iews  

YI 
¥I  = - - -  = the t a b u l a t i o n  area mean for  the i n t e r -  

N I view popul at ion 

S 2 = the var iance of c h a r a c t e r i s t i c  Y fo r  the 
I subpopulat ion tha t  would be in te rv iews 

NI 
W I = ---- = overa l l  populat ion i n te r v i ew  rate 

N 

c = number of sub-areas ( c e l l s )  

Nj = population size in cell j 

Njl = population size in cell j for the subpopu- 
lation that would be interviews (the units 
included in Njl are fixed) 

njl = interviews in cell j 

nj2 = noninterviews in cell j 

nj = n j l  + nj2 

Y j i -  value of characteristic Y for sample re- 
spondent i in cell j 

S 2 = the variance of characteristic Y for the 
JI subpopulation in cell j that would be 

i nterviews 

Nj 
Wj = - -  = the p ropor t ion  of the populat ion in 

N ce l l  j 

Wjl - 
Njl 

- the proportion of the population that 
N would be interviews in cell j i f  

selected in sample 

Y j l  = the t o t a l  of  c h a r a c t e r i s t i c  Y fo r  the sub- 
populat ion in ce l l  j tha t  would be i n t e r -  
vi ews 

Yjl 
m 

Yjl = --- - the cell j mean for the interviev~ 
Njl population 

3. VARIANCE OF ESTIMATORS 

Let YI denote the estimator using the simple 
noninterview adjustment, for the entire tabulation 
area and let Y2 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 
factors are included. 

V(~I) 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/nl) was approxi- 
mated using the second order Tayor linearization 
about E(n 1)=WIn. 

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(ni2/nil ) was ap- 
proximated using the second order ~Ta~or linear- 
i za t i on  about (E (n i ) ,E (n i l ) ) : (nW~,ny r~  ~ )  ignor ing  
the cross product term. ~Thus th~ ~ u ~ - j  n j l )  is  
excluded. An approximat ion fo r  V(Y2) ' t h a t  
ignores the f i n i t e  popula t ion co r rec t i on  fac to rs  
but inc ludes COV(nj nhJlt) is  given in ( I ) .  
Note, in Table I ,  v _v fo r  V(~2), 02 is  the 
por t ion  to the r i g h t  of  the l as t  + s ign.  Thus 

m 

02 is the por t ion  tha t  inc ludes the Y j l  values.  
4. CASE I (See Table 2) 

For Case I the t o t a l  of c h a r a c t e r i s t i c  Y fo r  
the subpopulat ion tha t  would be in te rv iews  is 
d i s t r i b u t e d  across the sub-areas or c e l l s  pro- 
p o r t i o n a l l y  to popu la t ion and each ce l l  has the 
same popula t ion i n t e r v i e w  ra te .  These cond i t ions  
are i l l u s t r a t e d  in Table 2.^ Using these condi-  
t i ons  the expected value of Y2 can be shown to^be 
equal to NY I which is the expected value of YI.  
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Furthermore, these condi t ions resu l t  in 02=0 so 
that  V(~2)=01. 

I f  the variance of the subpopulation that  
would be interv iews is the same in each ce l l  as 
the variance for  the subpopulation that  would be 
interv iews in the en t i re  tabu la t ion  area then, as 
shown in Table 2, V(~2)>__V(~I). Thus, since ex- 
pected values are equal, i t  is be t te r  to have 
only one noninterv iew ce l l  for  the tabu la t ion  
area. 

I f  the variance of the subpopulation that  
would be in terv iews in each ce l l  is proport ional  
to the in terv iew populat ion )cell size then, as 
shown in Table 2, V(~2)<_V(~ I . Thus, since ex- 
pected values are equal, i t  is be t te r  to d iv ide 
the tabu la t ion  area in to the c noninterview 
c e l l s .  

A prac t ica l  app l i ca t ion  for  Case I is e s t i -  
mation of a cha rac te r i s t i c  which can be consid- 
ered a 0 , I  va r iab le ,  a populat ion uni t  e i the r  has 
the cha rac te r i s t i c  or i t  does not.  I f  the pro- 
por t ion of the populat ion that  has the character-  
i s t i c  is thought to be about the same in each 
sub-area and survey cooperation rates are also 
l i k e l y  to be about the same in each sub-area, 
then Case I with equal ce l l  variances appl ies.  
5. CASE I I  (See Table 3) 

For Case I I  each ce l l  has the same popula- 
t ion  in terv iew rate and the ce l l s  can be div ided 
in to two groups so that  k of the c ce l l s  have a 
d i sp ropor t i ona te ly  large share of the to ta l  of 
cha rac te r i s t i c  Y for  the subpopulation that  
would be in terv iews in the tabu la t ion  area. 
Within each of the two groups the group to ta l  of 
cha rac te r i s t i c  Y for  the subpopulation that  
would be interv iews is p ropo r t i ona l l y  d i s t r i bu ted  
to the group c e l l s .  These condi t ions are i l l u s -  
t ra ted in Table 3.^ Using these condi t ions the_ 
expected value of Y2 can be shown to equal NY I 
which is the expected value of YI. 

I f  the variance of the subpopulation that  
would be interv iews is the same in each ce l l  as 
the variance for  the subpopulation that  would be 
interv iews in the en t i re  tabu la t ion  area then, as 
shown in Table 3, V(~2)>__V(~l). Thus, since ex- 
pected values are equal, i t  is be t te r  to have 
only one noninterview cel l  for  the tabu la t ion  
area. 

I f  the variance of the subpopulation that  
would be in terv iews in each ce l l  is proport ional  
to the in terv iew populat ion cel l  size then i t  is 
be t te r  to d iv ide  the tabu la t ion  area in to  the 
noninterview ce l l s  i f  and only i f  i nequa l i t y  * 
as shown in Table 3 is t rue .  

A pract ica l  app l i ca t ion  of Case I I  would be 
est imat ing to ta l  property value in a tabu la t ion  
area where i t  is f e l t  that  a por t ion of the area 
has higher property values than the other sec- 
t i ons .  Furthermore, w i th in  each of the two com- 
ponents of the tabu la t ion  area, property values 
are f e l t  to be evenly d i s t r i bu ted  across sub- 
areas. Survey cooperation rates are l i k e l y  to 
be about the same throughout the en t i re  tabu- 
l a t i on  area. 
6. CASE I I I  (See Table 4) 

For Case I I I  the to ta l  of cha rac te r i s t i c  Y 
for  the subpopulation that  would be interv iews 
is d i s t r i bu ted  across the ce l l s  p ropo r t i ona l l y  
to populat ion and the ce l l s  can be divided in to  

two groups so that  k of the c ce l ls  have a 
larger  in terv iew rate than the remaining c e l l s .  
Within each of the two groups, each ce l l  has the 
same populat ion in terv iew ra te .  These condi t ions 
are i l l u s t r a t e d  in Table 4. Using these condi- 
t ions the fo l lowing expression can be der ived: 

A N_~t + 
E(Y2) = Y-I I f2 k N 1-f2 I 

where 

NI 
_ ~  = f2 - -  with f2>l,f2<N__ , and f2<N 

N N I N--j. 

Thus, the expected value of Y2 does not equal 
the expected value of YI(E~I=N¥1). 

For the case of the variance of the subpopu- 
l a t i on  that  would be interv iews the same in each 
cel l  as the variance for  the subpopulation that  
would be interv iews in the en t i re  tabu la t ion  area 
V(Y2) was compared with V(Y I)  for  ~ tabu la t ion  
area populat ion of 1,000,000, sampling f rac t ions  
of .01, .05, and .09 in the tabu la t ion  area, 
overal l  in terv iew rates of .7, .8, and .9~the pro- 
port ion of the tabu la t ion  area in those ce l l s  
which have a la rger  in terv iew rate equal to .25, 
.5, .75, .F~5, .90, and .95, and various possible 
in terv iew rates in the ce l l s  with the larger  in -  
terv iew rate.  As presented in Table 4, for  a l l  
these compariso..~ V(Y 2) was greater t ,~n V(~ l ) .  
Thus, the variance of an estimate using one non- 
in terv iew cel l  for  the tabu la t ion  area is l i k e l y  
to be less than the variance of an estimate form- 
ed by d iv id ing  the tabu la t ion  area in to noninter-  
view c e l l s .  Since the expected values are not 
equal, considerat ion must be given to mean square 
e r ro r .  

A prac t ica l  app l ica t ion  for  Case I I I  would be 
est imat ing a 0 , i  cha rac te r i s t i c  where the pro- 
port ion of the populat ion that  has the character-  
i s t i c  is thought to be the same in each sub-area. 
However, i t  is f e l t  that  a port ion of the area 
w i l l  have a higher cooperation rate than the rest 
of the tabu la t ion  area. Within each of these 
components of the tabu la t ion  area, cooperation 
rates are l i k e l y  to be the same in each sub-area. 
7. VARIANCE ASSUMPTIONS 

Nonequal variances w i th in  ea2ch noninterview 
cel l  was examined for  the model S I proport ional  
to the cel l  interviewed populat ion s ize.  This 
might be expected when there are forces that  
exert a s im i la r  in f luence on elements close to-  
gether. (For example the estimated number of 
households with a poverty level income.) Equal 
variances w i th in  each noninterview cel l  is more 
l i k e l y  close to r e a l i t y  when a l l  sub-areas are 
large.  

REFERENCES 
( I )  Kalton, G. (1)ecember, 1980), "Compensating 
for  Missing Survey Data," Income Survey Develop- 
ment Program, Survey Development Research Center 
in Nonresponse and Imputat ion, Contract No. HEW 
100-79-0127, d ra f t  in ter im repor t .  

555 



Table 1 

E s t i m a t o r  

[ii[ ^ nl n I + n 2 
Y1 = ~ 

i= l  n I j 
Yi 

~2 = ~- r. . . . . .  Y j i  
j = l  i = l  n j l  

Var iance  

N S I I l I I-W I I 
V(~1) ~ - - - -  + 

L w I _n m _ 

V(Y2) = 2 j = l  
2 

S j l  X 

J-- 2 2 
I n wj wj (l-Wj) wj ( l-w j l )  

- - ' - "  + . . . .  + " 2 " 
Wjl Wjl Wjl 

I_ 

- [ l j n 2 I -Wj I-Wj 
- - - - -  J Wj 

Nj l  I_ n N 

-I-1 

n I\ 
+ N 2 ( 1 - - )  ~_  c _ 12 

N J! ~] Wj L Y J l -  ~. V j l  w3] j 
n ~=] J:] _I 

= 01 + 0 2 
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Table 2 - Case I 

Conditions 

Expected Values 

Variances 

Nj YI 
Yjl = " ~ -  for all j 

N 

N I Nj 
Nj l  - fo r  a l l  j 

N 

E(YI) = E Y2 = N Y I 

0 2 = 0 

V (Y2) = Ol 

2 2 2 
I .  I f  Sjl = Skl = S I for all j ,  k, then 

2 
^ ( ] . 75 )N  3 S l (C - l )  

_ - - -  > V(Yl)  V(C2) > V(YI)+ n2 NI 

2 AN I Nj 
2. I f  S j l  - A Njl  = 

N 

for all j with A a constant that does 

not depend on N j l ,  then 

V(Y2) ~ V(~I)  + ~I + ~2 where 

El = (2-n)  < 0 i f  n > 2 
, ] 

FN A ] F c 2] 

INA~ 
71 + •2 = - | - T ' - i  (n-2)  " z  N i Nj~ < 0 

Ln~ J Li~J 

so V(Y2) < V(YI) 

Conclusion 

I f  the interview population variance of characteristic Y is equal 

to the tabulation area interview population variance for each 

cel l ,  then i t  is better to have only one noninterview cell for 

the tabulation area. I f  the interview population variances are 

proportional to the interview population cell sizes, i t  is better 

to divide the tabulation area into noninterview cells. 
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Table 3 - Case I I  

Condi t ions 

Expected Values 

Variances 

I .  Divide ce l l s  in to  two groups; one wi th  k ce l l s  the other wi th  

c-k cel I s. 

2. The k ce l l s  have a d i s p r o p o r t i o n a t e l y  large share of the t o t a l  

of c h a r a c t e r i s t i c  Y fo r  the in terv iewed popula t ion in the 

tabu la t i on  area. 

3. For both groups, the group t o t a l  of  c h a r a c t e r i s t i c  Y fo r  the 

in terv iewed popula t ion is p r o p o r t i o n a t e l y  d i s t r i b u t e d  to the 

group c e l l s .  

N I Nj 
4. Njl - fo r  a l l  j 

N 

#% ,% 

E(YI) : E(Y2) : N ~I 

I .  I f  S 2 = S~ = S 2 for  a l l  j k then 
j l  I I ' ' 

A -% 

V(Y2) > V(YI) + 

2 
( l . 75 )  N 3 S I ( c - l )  ^ 

. . . . . .  + 02 >_ V(YI) 
n 2 N I 

AN I Nj 
2. I f  S 2 = A Njl = fo r  a l l  j w i th  

j l  N 

A a constant tha t  does not depend on N j l ,  then 

V(Y2) < V(YI) i f  and only i f  INA  (c) 
I n T  (n-2) ~ N i Nj > 02 

i~ j  

Conclusion I f  the i n te rv iew popula t ion var iance of c h a r a c t e r i s t i c  Y is equal 

to the t abu la t i on  area i n te rv iew  popula t ion var iance fo r  each c e l l ,  

then i t  is be t te r  to have one nonin terv iew ce l l  fo r  the t abu la t i on  

area. I f  the i n te rv iew popula t ion variances are p ropor t iona l  to 

the i n te rv iew populat ion ce l l  s izes ,  then i t  is be t te r  to d i v ide  

the t abu la t i on  area in to  the non in terv iew ce l l s  i f  and only i f  

i n e q u a l i t y  * above is t r u e .  . . . . . . . . . . . . .  

558 



Table 4 - Case I I I  

Condi t ions 

Expected Values 

Variances 

Conclusion 

I .  Divide cells into two groups; one with k cells the other 

with c-k cel ls.  

2. The k c e l l s  have a l a rge r  i n te r v i ew  rate than the remaining 

c e l l s .  

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

Nj YI 
4. Yj l  - f o r  a l l  j 

A m 

E(Y I )  = N YI 

E(Y2) ~ E(YI) 

2 2 2 A 
For S j l  = S k l =  S I fo r  a l l  j ,  k, V(Y2) was compared wi th  V(YI) fo r  

n N I 
N = 1 , 0 0 0 , 0 0 0 , -  = .01, .05, and . 0 9 , - - -  = .7, .8, and .9, 

N N 

k 
z Nj 

j=l 
- .25, .5, .75, .85, .90, .95, and var ious poss ib le  

i n te rv iew  rates in the group of k c e l l s .  For a l l  these 

comparisons V(Y2 ) was greater  than V(Y I ) .  

I f  the i n te r v i ew  popula t ion var iance of c h a r a c t e r i s t i c  Y is equal 

to the t abu la t i on  area i n t e r v i ew  popula t ion var iance fo r  each c e l l ,  

then the var iance of an est imate using one non in terv iew ce l l  fo r  

the t abu la t i on  area is  l i k e l y  to be less than the var iance of an 

est imate formed by d i v i d i n g  the t a b u l a t i o n  area in to  non in terv iew 

c e l l s .  Since the expected values are not equal ,  cons idera t ion  

must be given to mean square e r r o r .  
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