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1. Int roduct ion 

Based on a comparison of housing un i t  (HU) 
counts from the 1980 Census and independent es t i -  
mates based on updates of 1970 Census HU Counts, 
i t  appeared that there might be a national over- 
count of housing uni ts in the 1980 Census of be- 
tween 1.5 and 2.0 m i l l i on .  Consequently, some 
immediate invest igat ion of the sources and levels 
of HU dupl icat ion was i n i t i a t e d .  

Part of th is  invest igat ion included a search 
for  dupl icate l i s t i ngs  in two Washington, D.C. 
area local d i s t r i c t  o f f i ces .  This search revealed 
some dupl icat ion of HUs between bordering enumer- 
ation d i s t r i c t s  (EDs) that  apparently occurred be- 
cause the qua l i t y  of the maps was poor enough so 
that the boundaries between bordering EDs were not 
adequately defined. 

Consequently, a survey was designed to estimate 
the number of dupl icate HU l i s t i n g s  in the 1980 
Census, using a sampling plan that provided for  
the select ion of c lusters of "bordering" EDs. The 
focus of the data co l lec t ion  a c t i v i t i e s  was to 
check for  dupl icates both wi th in  EDs and across ED 
boundaries. 

Spec i f i ca l l y ,  a sample of 80 1980 Census EDs-- 
20 per census region--was selected in November 
1980 in order to estimate the number and percent 
of dupl icate HU l i s t i n g s . *  In addit ion to the 
i n i t i a l  sample of 80 EDs, each ED that bordered a 
selected ED was also included in the sample. As a 
resu l t ,  a to ta l  sample of about 550 EDs was se- 
lected. 

The primary object ive of th is  pro ject  is to ob- 
ta in rough estimates, in a short period of time, 
of the amount of dupl icat ion of HU l i s t i n g s  in the 
1980 Census. Consequently, a r e l a t i v e l y  small 
sample size was chosen and the data co l lec t ion  
procedures were designed to exclude any f i e l d  
work. Checks for  dupl icates consisted of matching 
the ind iv idual  entr ies in the master address reg- 
is ters  of the EDs selected in the sample. The ad- 
dress reg is ters  of the selected EDs were key- 
punched and then a computer match of ED address 
l i s t i n g s  was carr ied out to i d e n t i f y  potent ia l  du- 
p l i ca te  l i s t i n g s .  The questionnaires for  the po- 
t en t i a l  dupl icate l i s t i n g s  were then checked in 
order to determine whether or not these l i s t i n g s  
were ac tua l ly  dupl icates.  Since no f i e l d  work was 
included in th is  p ro jec t ,  the f i na l  determination 
of whether two or more HU address l i s t i n g s  were 
dupl icates was based on the questionnaire compari- 
sons. 

I t  was recognized at the beginning of the pro- 
j ec t  that cer ta in types of dupl icate l i s t i n g s  
would often be missed in th is  address-match pro- 
cedure. For example, a dupl icate l i s t i n g  that  oc- 
curs because a housing uni t  has two d i s t i n c t  ad- 
dresses, such as a s t reet  address and a rural  
route address, would not general ly be i d e n t i f i e d .  
In some rural  areas names were avai lable on the 
address reg is ters  and were included in the match- 
ing process. In these areas some matches involv-  
ing d i f f e ren t  addresses were i den t i f i ed .  This 
par t ia l  weakness in the survey's capab i l i t y  to 

i den t i f y  these types of dupl icates was assumed to 
be a reasonable price to pay to obtain rough es t i -  
mates of the dupl icat ion rates r e l a t i v e l y  quick ly 
and inexpensively. 

The estimates of the level of dupl icat ion ob- 
tained from th is  address-match procedure w i l l  tend 
to underestimate the to ta l  number of dupl icates in 
the 1980 Census. Even so, the estimates obtained 
from th is  survey should give an ind icat ion of 
whether or not the number of dupl icate HU l i s t i n g s  
in the 1980 Census is excessive. 

In the next section the de f in i t i ons  of some 
terms are given. In Section 3 a descr ipt ion of 
the sample select ion procedure is presented. The 
estimation formulas are given in Section 4, f o l -  
lowed in Section 5 by the appl icat ion of these 
formulas to three hypothet ical  populat ions. The 
f ina l  section includes some conclusions and 
recommendations. 

2. Terminoloqy 

In order to discuss the sampling plan and pre- 
sent the estimation formulas, some de f in i t i ons  are 
needed. The target  EDs are the 80 EDs i n i t i a l l y  
selected for  the sample. Two EDs are adjacent or 
bordering i f  t he i r  boundaries have at leaSt ~One 
point  in  common. The bounding EDs are those that 
are adjacent to a target  ED. A target  ED and i t s  
bounding EDs w i l l  be referred to c o l l e c t i v e l y  as 
an ED c lus ter .  

Within'ED dupl icate is a dupl icate l i s t i n g  
that  appears in the same ED as the i n i t i a l  l i s t -  
ing. I f  two or more duplicates of a l i s t i n g  ap- 
pear wi th in  an ED, each extra l i s t i n g  counts as a 
separate dupl icate.  A between-ED dupl icate is a 
dupl icate l i s t i n g  for  which the i n i t i a l  and dup l i -  
cate l i s t i n g s  appear in d i f f e ren t  EDs. I f  more 
than one dupl icate l i s t i n g  appears in the second 
ED, only one between-ED dupl icate is counted. The 
other dupl icate in the second ED would be counted 
as a within-ED dupl icate.  However, i f  a l i s t i n g  
in one ED is duplicated in each of two separate 
EDs, two between-ED duplicates would be counted. 

Most of the 1980 Census was carr ied out by 
mai l .  Mail ing l i s t s  for  EDs were generated in two 
basic ways, In many areas commercial l i s t s  were 
purchased by the Census Bureau from pr ivate com- 
panies. Areas servi'ced in th is  way are referred 
to as tape address reg is te r  (TAR) areas. In other 
areas the a ddr%ss l iJsts f o r  the EDs were obtained 
from a census p r e l i s t  operat ion. The p r e l i s t  ac- 
t i v i t y  involved acanvassing and careful l i s t i n g  
by Census Bureau personnel of the housing uni ts in 
the ED. 

3. Sample Selection 

The sample was selected in November 1980 from 
those EDs in the most recent Field Count Capture 
2 F i le ,  except those in conventional census areas 
and those with zero populat ion. The conventional 
areas include only about 5% of the HUs in the 
country. 
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Prior to se lect ion,  the EDs in each region were 
sorted by the fo l lowing charac te r i s t i cs :  

(1) TAR vs. Census P re l i s t  
(2) D i s t r i c t  Off ice Code 
(3) ED Code 

Af ter  the EDs in a region were sorted, a 
s t ra ight forward systematic 1 in k sample of 20 EDs 
was selected, using a random s ta r t .  The four se- 
lect ion (or skip) in terva ls  used in th is  select ion 
were 2606 (Northeast),  3626 (North Centra l ) ,  4663 
(South), and 2073 (West). The use of systematic 
sampling applied to a sorted l i s t  provides the 
sample with a " s t r a t i f i c a t i o n  e f fec t "  from the 
sort  var iables.  In addit ion to the 80 " target "  
EDs , a l l  EDs adjacent to the target  EDs were in-  
cluded in the sample. The to ta l  sample consisted 
of 568 EDs. 

Some considerat ion was given to the p o s s i b i l i t y  
of oversampling certa in types of EDs, such as 
" large" EDs and EDs located near boundaries be- 
tween TAR and p r e l i s t  areas. However, due to the 
desire to carry out the survey in a r e l a t i v e l y  
short period of time, and due to the uncer ta inty  
regarding the improvement in estimation precision 
that  oversampling would have, i t  was decided to 
use the r e l a t i v e l y  simple procedure of systematic, 
equal p robab i l i t y  se lect ion.  

4. Estimation Formulas 

The fo l lowing four estimators of the to ta l  num- 
ber of dupl icate HU l i s t i n g s  in the 1980 Census, 
excluding conventional areas, are being considered: 
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where 

kj = the select ion in terva l  for  region j ,  

, ( 4 )  

= the number of duplicates wi th in  the 
Xjiw i - t h  target  ED selected from the j - t h  

region, 
= the number of duplicates between the 

Xj ib i - t h  target  ED selected from the j - t h  
region and the ED's adjacent to i t  in 
region j ,  

u..  = the number of within-ED dupl icates 
jlW found in the i - t h  ED c lus ter  selected 

from the j - t h  region, 
= the number of between-ED duplicates 

Ujib found in the i - t h  ED c luster  selected 
from the j - t h  region, 

= the number of duplicates wi th in  the 
Xjimw m-th ED iden t i f i ed  in the i - t h  ED 

c lus ter  selected from the j - t h  region, 
= the number of duplicates between the 

Xjimb m-th ED iden t i f i ed  in the i - t h  ED 
c lus ter  selected from the j - t h  region 
and the ED's adjacent to i t  in the 
sample, 

= the number of dupl icates between the 
Xjiqb q-th pair  of adjacent ED's i den t i f i ed  

in the i - t h  ED c lus ter  selected from 
the j - t h  region, 

Nj = the to ta l  number of EDs in the population 
in region j ,  excluding those in conven- 
t ional  areas, 

n. .  = the number of EDs in the i - t h  ED c lus ter  
j1 selected from region j ,  

t~ij = the to ta l  number of pairs of adjacent 
EDs in the i - t h  ED c lus ter  selected from 
region j ,  

t . .  = the to ta l  number of EDs in region j that 
j im are adjacent to the m-th ED iden t i f i ed  

in the i - t h  c lus ter  selected from the 
j - t h  region, 

r j i  m = the number of EDs in the sample ED clus- 
ter  that are adjacent to the m-th ED 
iden t i f i ed  in the i - t h  c lus ter  selected 
from the j - t h  region, 

= the to ta l  number of EDs in region j that 
tjiq~ are adjacent to the q-th pair  of adja- 

cent EDs iden t i f i ed  in the i - t h  ED clus- 
ter  selected from the j - t h  region and 

t j  = the sample average number of EDs that  are 
adjacent to both members of a pair  of ad- 
jacent EDs in region j ,  one of which is a 
target  ED. This average w i l l  be calcu- 
lated over a l l  adjacent pairs in the sam- 
ple from region j that  consist of a target  
ED and a bounding ED. 

I f  there are no between-ED dupl icat ion cases in 
the population that involve more than two EDs, the 
simple estimator and m u l t i p l i c i t y  estimator are 
unbiased.** The other two estimators are biased. 

The simple est imator is an unbiased estimator 
that  uses only those duplicates that involve a 
target  ED. Duplicates that occur wi th in  or be- 
tween bounding EDs are not included. 

The m u l t i p l i c i t y  est imator is an unbiased es t i -  
mator that  is based on a l l  the dupl icates iden t i -  
f ied in the sample c lus ters .  Since i t  uses a l l  
the sample informat ion, the m u l t i p l i c i t y  estimator 
has a considerably lower variance than the simple 
est imator.  The disadvantage of the m u l t i p l i c i t y  
estimator is that there is a considerable amount 
of addi t ional  map work that  is required in order 
t o b e  able to determine the adjacency counts 
( m u l t i p l i c i t y  factors)  needed to apply the es t i -  
mator. Spec i f i ca l l y ,  i t  can be rather d i f f i c u l t  
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and time consuming to determine from the maps the 
number of EDs adjacent to a bounding ED. 

The Ernst est imator***  is a biased estimator 
that  uses a l l  the dupl icat ion data from the sam- 
ple c lus ters .  This estimator can be generated by 
replacing the two adjacency count ( m u l t i p l i c i t y )  
fac tors ,  %jim and t j i  q, in the m u l t i p l i c i t y  es t i -  

mator by regional averages of these fac tors ,  where 
the average is taken over a l l  EDs and ED pairs in- 
volving the target  EDs. Spec i f i ca l l y ,  the number 
of adjacencies, t j i  m, for  the m-th ED iden t i f i ed  

in the i - t h  c lus ter  selected from the j - t h  region 
is replaced by the average of the number of EDs 
adjacent to the 20 target  EDs selected from the 
j - t h  region. S im i la r l y ,  the number of EDs adja- 
cent to both members of the p-th ED pai r ,  t j i  q, is 

replaced by t j ,  the average number of EDs adjacent 

to al l  the pairs in the j - t h  region that consist 
of a target  ED and a bounding ED. The advantage 
of the Ernst estimator is that no addit ional  map 
work is needed for  i t s  appl icat ion.  

The Chapman estimator is a biased estimator 
that u t i l i z e s  the dupl icat ion data obtained from 
a l l  of the EDs in the selected c lusters .  The 
f i r s t  term of th is  est imator,  the within-ED dupl i -  
cation term, is ident ica l  to that  of the m u l t i p l i -  
c i t y  est imator.  With the second term an attempt 
was made to provide a nearly unbiased estimator of 
the to ta l  number of between-ED duplicates by 
assigning hal f  of a between-ED dupl icate to each 
of the two EDs involved in a between-ED dupl ica- 
t ion .  The counts of between-ED duplicates for  
the EDs are weighted-up and summed across the EDs 
in the c l u s t e r . * * * *  In addit ion to being biased, 
a disadvantage of the Chapman estimator is that 
i t s  use requires addi t ional  map work to count ad- 
jacencies. 

Although the estimation formulas given in equa- 
t ions (1) - (4)  are in terms of the number of HU 
dupl icate l i s t i n g s ,  the estimated propor t ion  of 
dupl icate l i s t i ngs  w i l l  probably b e o f g r e a t e r  
i n te res t .  This estimated proport ion is of the 
form: 

p = x ' / y ' ,  (5) 

where x' = one of the four estimators of the 
number of dupl icate HU l i s t i n g s ,  and 

y' = the sample estimate of the number of 
HUs, e xJc~II'uding conventional areas. 

The form of the estimator y' is equivalent to 
the f i r s t  term ( i . e . ,  the within-ED term) in x ' ,  
with the number of within-ED dupl icate HUs in the 
formula replaced by the number of HUs in the ED. 

The variance of x' w i l l  be estimated using the 
ul t imate c lus ter  approach, assuming that the sam- 
ple of ED clusters const i tu tes a simple random 
sample. The variance of p w i l l  be estimated using 
the ul t imate c lus ter  approach combined with t h e  
standard Taylor series approximation to the var i -  
ance of a r a t i o .  The deta i ls  of variance estima- 
t ion are given in an internal  Census Bureau memo- 
random avai lable from the author. 

5. Numerical Examples 

I t  is d i f f i c u l t t o  make general comparisons of 
the p rec i s ion  of these four estimators because of 
the uncer ta in ty  of ~ how duplicates are d is t r ibu ted  
wi th in  and between EDs across the country. There 

could be considerable c lus ter ing of dupl icates or 
they might be widely scattered. Also, the re la-  
t i ve  numbers of between and within-ED dupl icat ions 
is not known. Consequently, any attempt to t r y  to 
develop a model of wi th in  and between ED dupl ica- 
t ions,  from which general comparisons could be 
made, would be of questionable value. 

To obtain some comparison of the precision of 
the four est imators, three hypothet ical  popula- 
t ions have been developed: one containing only 
ten EDs and the other two containing 60 EDs each. 
The population of ten EDs serves to i l l u s t r a t e  
the method of appl icat ion of the estimators as 
well as to compare them. For a l l  three popula- 
t ions the biases, variances, and mean square 
errors (MSEs) were derived, for  various sample 
sizes, for  each of the four estimators of the 
number of dupl icate HU l i s t i n g s .  The calcula-  
t ions of these s t a t i s t i c s  were based on the enu- 
meration of a l l  possible systematic samples of 
ED c lus ters .  

The hypothet ical  example of only ten EDs is 
i l l u s t r a t e d  in Figure 1. For th is  population 
there are twelve dupl icate l i s t i n g s  as indicated 
by the short l ine segments. 

Figure 1 
, , I i  

1 2 --3.- ,I-- 4 

5 

6 It !- , , . . . .  . . . . .  
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Five of the 12 dupl icates in th is  population 
are within.ED duplicates and seven are between-ED 
dupl icates.  

For th is  example only one ED c lus ter  was se- 
lected to estimate the to ta l  number of dupl icates 
in the populat ion. For each of the ten possible 
sample c lus ters ,  the four estimators given in the 
previous section were used to estimate the to ta l  
number of dupl icates in the populat ion. Each of 
these 40 estimates, broken down by a within-ED 
dupl icat ion component and a between-ED dupl icat ion 
component, is given in Table 1. Based on the ten 
estimates for  each of the est imators, the expected 
value and mean square error  for  each of the four 
estimators were derived and are given in the las t  
two rows of Table 1. 

The two hypothet ical  universes of 60 EDs used 
tomake comparisons of the four estimators have 
subs tan t ia l l y  d i f f e ren t  numbers and patterns of 
within-ED and between-ED dupl icat ions.  Population 
I has a to ta l  of 56 dupl icates:  20 within-ED du- 
p l icates and 36 between-ED dupl icates.  Population 
I I  has 120 dupl icates:  80 within-ED duplicates 
and 40 between-ED dupl icates.  Even though the se- 
cond population has more to ta l  dupl icates,  i t  has 
more EDs that have no dupl icat ion errors than does 
Population I (20 vs. 14). Also, the number of EDs 
that have a substant ia l  number of dupl icates (e.g. 
more than 4) is much higher for  Population I I .  

Population I was constructed p r io r  to the col-  
lec t ion of most of the survey data. Population I I  
was constructed a f te r  a substant ia l  port ion of the 
survey data was col lected.  In construct ing Popu- 
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Table l Comparison of Estimators of the Number of Duplicate HU Listings 
for the Population of 12 EDs Il lustrated in Figure l 

i 1 J 

Target ED With 
_ - -  1 i i  

I 0 

2 0 

3 10 

4 0 

5 0 
I 

I 6 o 
7 2o 
8 10 
9 10 

10 0 
• - -  i i  , i , i 

I Mean 5 

22_t_ 

in 

Simple Estimator 

Between F 

5 

0 

5 

5 

5 

10 

10 

10 

15 

5 

7 

. . , . ,  

x6 

5 

0 

15 

5 

5 

10 

30 

20 

25 

5 

12 

9 i  

Mul t ip l i c i t y  
. . . . .  L . . . . .  

Within 

0 

2.00 

5.33 

5.33 

2.50 

9.83 

7.33 

4.50 

7.83 

5.33 

Between 

3.33 

3.33 

5.33 

5.33 

3.33 

13.17 

9.83 

8.67 

13.]7 

6.50 

xi 

3.33 

5.33 

I0.67 

8.67 

5.83 

23.00 

17.17 

13.17 

21.00 

II .83 

5.0 7.0 12.0 

Ernst Estimator 

Within Between 

0 

2.00 

6.00 

10.00 

2.00 

6.25 

6.67 

5.00 

8.00 

7.50 

5.3 
. . . . . .  

3.33 

2.86 

5.71 

3.33 

2.86 

11.67 

10.00 

9.00 

12.50 

7.50 

6.9 
. . . . . . . . . . .  l 

I 

x 2 

3.33 

4.86 

11.71 

13.33 

4.86 

17.92 

16.67 

14.00 

20.50 

15.00 

12.2 
32.1 l 

Within 
. . . . . . . .  : 

0 

2.00 

5.33 

5.33 

2.50 

9.83 

7.33 

4.50 

7.83 

5.33 

5.0 

: - , m ,  

Chapman Estimator 
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. . . . . .  

3.67 3.67 

3.00 5.00 
5.51 10.84 

3.67 9.00 

2.67 5.17 

10.08 19.91 

9.44 16.77 

9.96 14.46 
; i  

12.97 I 20.80 

8.28 13.61 

6.9 11.9 

Total number of duplications in population = 12 

Number of within duplications = 5 
Number of between duplications = 7 



l ation I I  an attempt was made to represent the 
dupl icat ion patterns that were found in the sur- 
vey. Consequently, the comparisons of the four 
estimators based on Population I I  should be more 
meaningful than those based on Population I .  

The biases, variances, and MSEs for  the four 
estimators for  various sample sizes are given in 
Table 2 for  Population I and in Table 3 for  Pop- 
u la t ion I I .  

Table 2. Comparison of the Four Estimators 
for  60-ED Hypothetical Population I 

Number of within-ED dupl icates = 20 
Number of between-ED dupl icates = 36 

Estimators 

Simple Mult.  Ernst Chapman 

n=l c lus ter  

Bias 

Variance 

MSE 

0 0 4. O0 3.58 

3044.0 901.28 1103.66 968.19 

3044.0 901.28 1119.68 981.00 

n=2 c lusters 

Bias 

Variance 

MSE 

0 0 3.82 3.18 

1064.0 347.30 463.09 378.02 

1064.0 347.30 477.70 388.10 

n=4 c lusters 

Bias 

Variance 

MSE 

0 0 3.37 1.69 

404.0 171.62 218.92 190.70 

404.0 171.62 230.25 193.55 

n=6 c lusters 

Bias 

Variance 

MSE 

0 0 3.56 2.46 

489.0 129.46 173.82 104.20 

489.0 129.46 186.50 110.28 

n=lO c lusters 

Bias 0 0 3.67 2.12 

Variance 101.0 17.93 16.69 11.11 

MSE 101.0 17.93 30.16 15.61 

6. Conclusions and Recommendations 

An inspection of Tables 1-3 indicates that  the 
MSE for  the simple estimator is considerably 
higher than the MSEs for  the other estimators in 
a l l  cases. For the ten-ED population and the 
f i r s t  60-ED population the MSE for  the simple es- 
t imator is t y p i c a l l y  two or three times larger 
than the MSEs for  the other three est imators. 
For the second 60-ED population the MSE for  the 
simple est imator is t y p i c a l l y  more than f i ve  times 
larger than the MSE for  each of the other estima, 
tors .  These discrepancies in MSEs are not sur- 
pr is ing since the simple estimator is based on 
only those dupl icates involv ing a target  ED. The 

Table 3. Comparison of the Four Estimators 
for  60-ED Hypothetical Population I I  

Number of within-ED duplicates = 80 
Number of between-ED duplicates = 40 

n=l c luster  

Bias 

Variance 

MSE 

n=2 c lusters 

Bias 

Variance 

MSE 

n=4 c lusters 

Bias 

Variance 

MSE 

n=6 c lusters 

Bias 

Variance 

MSE 

n=lO c lusters 

Bias 

Variance 

MSE 

Estimators 

S imp I e Mu I t .  Ernst Chapman 

0 0 6.45 2.59 

21870.0 3627.26 3342.78 3729.94 

21870.0 3627.26 3384.37 3736.64 

0 0 4.43 2.82 

9255.0 1507.15 1199.31 1477.42 

9255.0 1507.15 1218.98 1485.37 

0 0 4.57 2.60 

3960.0 718.99 469.67 669.24 

3960.0 718.99 490.51 676.01 

0 0 4.52 1.42 

3680.0 513.07 436.68 473.40 

3680.0 513.07 457.08 475.42 

0 0 4.61 1.39 

2193.0 321.23 380.37 238.53 

2193.0 321.23 401.64 240.45 

to ta l  sample of 568 EDs is about seven times 
larger than the number of target  EDs, 80. 

The MSEs for  the three fu l l -sample estimators 
are roughly equal. The MSE for  the m u l t i p l i c i t y  
est imator is general ly the lowest for  estimates 
for  the f i r s t  60-ED population (Table 2), while 
the MSE for  the Ernst Estimator is general ly the 
lowest for  estimates for  the second 60-ED popula- 
t ion (Table 3). Tl~e bias of the Ernst Estimator, 
which is roughly 5%-6%, is always higher than 
that of the Chapman Estimator. 

Of the two unbiased est imators, simple and 
m u l t i p l i c i t y ,  the m u l t i p l i c i t y  est imator has a 
considerably lower variance. However, the mu l t i -  
p l i c i t y  est imator requires addi t ional  map work 
which would involve a substant ia l  amount of addi- 
t iona l  time and expense. The Ernst Estimator has 
about as low a MSE for  these hypothet ical  popula- 
t ions as does the m u l t i p l i c i t y  est imator.  In 
fac t  for  the second 60-ED populat ion-- the one 
which bet ter  represents the actual dupl icat ion 
patterns in the 1980 Census--the MSE for  the 
Ernst Estimator is less than the MSE of the mul- 
t i p l i c i t y  est imator for  a l l  sample sizes except 
n=lO ( target  EDs). 
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The major concern regarding the Ernst Estima- 
tor  is i t s  bias. A bias of 5%-6% is not much o f  
a problem for  an estimator of a dupl icat ion rate 
of 1%-2%. However, the bias could presumably be 
considerably larger for  the Ernst Estimator when 
applied to the actual survey data. This would be 
true i f  the number of within-ED (or between-ED) 
duplicates was highly correlated to the number of 
EDs adjacent to a single ED (or to a pair  of ad- 
jacent EDs). However, even i f  some cor re la t ion 
ex is ts ,  i t  seems un l i ke ly  that the bias of the 
Ernst Estimator would exceed 10%. 

Because of i ts  r e l a t i v e l y  low MSE, especia l ly  
for  the second 60-ED populat ion, and since i t  
does not require addi t ional  map work, the Ernst 
Estimator is recommended for  estimating the num- 
ber of dupl icate HU l i s t i n g s .  Methods of modify- 
ing the estimator s l i g h t l y  to reduce the bias are 
being explored. One such p o s s i b i l i t y  would be to 
replace the ra t i o  of ED counts, N-/Zn- , in equa- 

J i Ji 
t ion (3) by an analogous ra t io  of houseing uni t  
counts. This could be especia l ly  helpful  i f  
there is a high cor re la t ion between the number of 
cupl icat ions and the number of HUs wi th in an ED. 

Of course, i f  the addi t ional  time and expense 
involved in doing the map work required for  the 
m u l t i p l i c i t y  estimator do not turn out to be sig- 
n i f i can t  factors ,  the m u l t i p l i c i t y  estimator 

would be preferred since i t  is unbiased and ap~ 
pears to have an MSE that is comparable to that 
of the other fu l l -sample estimators. 

FOOTNOTES 

The choice of the sample size of 80 EDs was based 
on some rough precision estimates for  the es t i -  
mated proport ion of dupl icate l i s t i ngs  in a re- 
gion. These precision estimates are discussed in 
an internal  Census Bureau document that is ava i l -  
able form the author. 

Addit ional  terms could be added to accomodate 
dupl icat ion cases involv ing more than two EDs. 
However, no cases of th is  type occurred in the 
sample. 

This estimator was suggested by Larry Ernst 
of the S ta t i s t i ca l  Research Division of the 
Bureau of the Census. 

The weight-up factor  t j i m / r j i  m is needed be- 

cause the between-ED dupl icate count for  an ED 
w i l l  only be based on the duplicates i den t i f i ed  
between that ED and the other EDs in the sample 
c lus ter .  
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