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I . I  Introduct ion 
A good way to begin th is  discussion is by 

quoting from a paper del ivered to the ASA some 
15 years ago. Talking then of the 1960 census, 
Walter Perkins and Charles Jones began" "Per- 
haps i t  is true that 'a rose is a rose is a 
rose' th is  is a l i t t l e  outside our f i e l d .  We 
do, however, disagree with anyone who makes the 
same claim for a match." They then add- 

"There is a rather mysterious category - ' the 
impute;' the census interviewer has been to ld 
that a given address is occupied, but has been 
unable to f ind anyone home on repeated v i s i t s .  
The computer has imputed at th is  address a young 
couple plus a f i ve  year old daughter. On a 
r e v i s i t ,  however, we f ind the occupant at the 
time of the census was an e lder ly  man. Was he 
counted - or wasn't he? I t  would seem clear 
that he wasn't;  yet ,  from another point of view, 
i t  appears that he has been counted - not wisely,  

. - . . . = . .  

but too w e l l ! ! "  
The problem of the impute epitomizes a 

general problem in dual-system estimation" the 
problem of i n su f f i c i en t  or erroneous information. 
Nonresponse is,  of course, a standard problem in 
survey samples. Indeed, imputations were 
created as a way to deal with th is  problem. 
Further, every survey w i l l  contain erroneous 
responses. 
1.2 Review of Dual-System Estimation 

Although many people here are fam i l i a r  with 
dual-system est imat ion, a quick overview may be 
helpful  to provide perspective. As the name 
impl ies, we have two record systems, each of 
which records some but not a l l  of the population. 
Thus, in our case, we have a census (System I) 
and a followup survey (System 2). By careful 
case-by-case matching we can ascertain that a 
given number of cases are in both systems, but 
certain cases are only in one or the other of 
the two systems. Let- 
N~ be the number of cases recorded in System ] 

(here the census count); 
N2 be the number of cases recorded in System 2, 

and 
M be the number of cases recorded in both 

systems. 
I f  system 2 is a sample survey, one normally 

in f la tes  the resul ts  by the sampling f rac t i on ,  
although in th is  simple case i t  is not neces- 
sary. Now, le t  the p robab i l i t y  of being 
recorded in one system (PI) be independent of 
the p robab i l i t y  of being recorded in the other 
(P2); then a maximum l ike l ihood estimate of the 
to ta l  population is- 

M _ NIN2 
NI/ I~2 M 

That is ,  we i n f l a t e  the census resul ts  by the 
proport ion matched in the other system. This 
assumes a perfect system where each case can be 
i den t i f i ed  and matched exact ly .  One can ref ine 
th is  system somewhat by making separate es t i -  
mates for  separate subgroups, as pointed out by 
Chandrasekar and Deming in t he i r  pioneering 
1949 paper. 

1.3 Overview of Problem 
But what does one do i f  there are records in 

e i ther  system which cannot be uniquely i den t i -  
f ied? Consider again the case of the imputed 
fami ly .  They are c lear l y  included in the census 
count, but can we match to them? Even i f  the 
e lder ly  man was recorded in the survey, can we 
match that entry against the imputed people in 
the census? 

A s imi la r  problem is that some of the cases 
counted in e i ther  system may be out-of-scope, or 
should otherwise not have been counted. A case 
which commands our at tent ion is that of erro- 
neous enumerations. That is ,  households which 
were counted more than once, or in the wrong 
place. In addi t ion,  there are those cases 
fabr icated by clever or lazy enumerators. These 
cases must be subtracted from the to ta l  counts 
for  each system since they i n f l a t e  the to ta ls  
a r t i f i c i a l l y  with persons who don' t  r ea l l y  exist .  

These two c l ass i f i ca to r y  problems lead to 
to ta l  counts from each system which contain per- 
sons who are not matchable because of imputes or 
erroneous enumerations. A census case which was 
imputed in the to ta l  census count via the Hot- 
Deck procedure because of nonresponse cannot be 
matched to a record for  the same household in a 
followup survey. I nsu f f i c i en t  information in 
the census for  an exact count also means that 
there is i n su f f i c i en t  information for  matching. 
This is true even i f  the followup survey has 
su f f i c i en t  information for  matching. Each 
system has to have enough information to deter- 
mine that the i den t i f i ed  person is in both 
systems. 

S im i la r l y ,  there w i l l  be unmatchable followup 
survey cases, ch ie f l y  refusals where i t  was not 
possible to at least record the name, but also 
including persons who have moved for  whom we did 
not get a sa t i s fac to ry  address. In addi t ion,  
there w i l l  be uniquely i den t i f i ab l e  (and thus 
seemingly "matchable") cases which were counted 
but should not have been. Most prominent among 
them are the f i c t i c i o u s  persons, but persons 
born af ter  the census are also included here; as 
well as mul t ip le  enumerations. 

Our proposed solut ion is rather simple - one 
should determine the number of nonmatchable 
cases and subtract them from the counts of both 
systems. A normal dual-system estimate would be 
made on the res idual .  While simple, and 
seemingly obvious, th is  solut ion is not without 
i t s  problems. A good s t a t i s t i c i a n  hates to 
throw away data, as th is  procedure does. One 
st r ives to devise matching rules which use a l l  
the data. But procedures which t r y  to match on 
l i t t l e  or no informat ion, perhaps by balancing 
erroneous matches with erroneous nonmatches, 
are bound to increase the variance of the dual 
system estimate, and i f  they f a i l ,  to lead to 
an even bigger bias. 
2.0 The Model 
2.1 Notation 

We can denote our census and survey counts as: 
NI A the census count for  group A 

A 

I12 A estimate of unmatchable census cases 
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A 

EE~ A estimate of erroneous and out-of-scope 
census cases 

NIA-IIIA-EEIA estimated number of persons 
co r rec t l y  enumerated and matchable 
in the census for  group A 

N~ A estimate of population of fol lowup survey 
persons ( i n f l a ted  to population t o t a l )  

I I2 A estimate of unmatchable fol lowup survey 
cases 

EE2 A estimate of erroneous and out-of-scope 
fol lowup survey cases 

N2A-II A -EE A estimated number of persons 
co r rec t l y  enumerated and matchable 
in the followup survey 

In addit ion we w i l l  have ^ 

M A = estimate of number of fol lowup survey 
persons enumerated in ( i . e . ,  matched to) 
the census for  group A. 

2.2 Estimation without Errors 
Table 1 shows the usual dual-system estima- 

t ion problem. The top panel gives the counts. 
N A (the true population t o t a l )  is ,  of course, 
not observable and must be estimated. The 
lower panel gives the p robab i l i t i e s .  The 
quant i t ies  a, and b, are the p robab i l i t i es  of 
being enumerated in each source. 

Now, i t  is only necessary to make the usual 
dual-record-system assumption of independence 
between the event of being enumerated in System 
1 (the census) and the event of being enumera- 
ted in System 2 (the survey) to derive popula- 
t ion estimates. Table 1 shows the der ivat ion 
of the dual-system estimate in a perfect system. 
In terms of the expected values, we have 

I) NI A = aiN A 

2) N2 A = bin A 

3) M A = azbiN A 

4) N A = (aINA)(b~NA)/M A 

= NI A N2A/M A 

which we estimate by 

5) N A = NI A N2 A 
' m ,  - 

M A 
which is the c lassic  dual system estimator 
given above. 
2.3 Estimation with Imperfect Information 

Table 2 shows the counts ac tua l ly  obtained 
in the census and the fol lowup survey as the 
sum of three marginal t o t a l s ,  only two of 
which are d i r e c t l y  observable. To obtain the 
number of persons in the census or survey who 
are also matchable, one has to subtract the 
values not to be included in the est imat ion.  
Thus- 

Number of Truly Matchable Persons in 
Source i = N i A -  I l i A  - EEiA 

The process of dual system estimation works 
ex~ct ly the same way in the expanded table as 
with the two by two tables shown in Table I .  
The di f ference is that  the p robab i l i t i es  on 
Table 2 are more detai led as to the categories 
they represent. A case in e i ther  source can be 
cor rec t l y  enumerated, not enumerated, or 
erroneously enumerated, and i f  correct  the case 
may or may not have s u f f i c i e n t  information for  
matching. This gives four possible categories 
in which a record or case may be put, and so 
cases in each system are mul t inominal ly  
d i s t r i bu ted .  

These p robab i l i t i es  are represented in the 
marginals on the r l gh t  of Table 2 as a~ to a# 
and bf to b#. The values EEl A and EE2 how- 
ever, w i l l  be subtracted from the tota#'counts 
for  the census and the fol lowup survey and are 
not to be represented in the matching or the 
to ta l  population count for  the U.S. because they 
are erroneous, and so the p robab i l i t i es  to be 
used in the der ivat ion of the dual system e s t i -  
mate of the te ta l  population are j us t  those 
involved in being co r rec t l y  enumerated, matched 
or not, and not enumerated. (Probab i l i t i es  
al to a3 and bl to b3 on the r i gh t  side ot 
Table 2.) Again assuming independence between 
the two d i s t r i bu t i ons  one can derive an estima- 
tor  of the to ta l  i~opulation" 
I ' )  NI A - I11A - EEl A = aiN A 

2 ' )  ~2 - 11 - rE2 A b N A ': A 2A = I 
3 ' )  I,'; = ~rob (In/ i iatchable & In/Matchable)-N A 

4 ' )  M = albiN A 

= (a~NA) (bzN A) / N A a 

= (N~ A - i I~ A -EE~A)~2 A - I12 A -EE2A)/N A 

so, 
5 ' )  N A = (N~ A - I11A -EEz A) (N2 A - 112 A -EE2~/M A 

But th is  assumption of independence is less 
bel ievable that  the assumption made with only two 
categories for  each source. Besides cor re la t ion  
bias due to being included in both sources er 
nei ther source, cor re la t ion  bias can now a l~o be 
due to being included, but not co l lec t ing  emough 
information for  matching purposes. 
2.4 An Example 

To make th is  presentation a bic more concrete 
three examples of estimation are presented in 
Tables 3a, 3b, and 3c. 

Table 3a presents the case of complete inde- 
pendence, both between counted and not counted; 
and, between co r rec t l y  enumerated and i n s u f f i -  
c ient  information. (Erroneous enumerations are 
assumed to have been subtracted from the tab le . )  
In th is  case, the estimator y ie lds the correct 
to ta l  populat ion. 

In Table 3b cor re la t ion  bias only ex is ts  as 
between counted and not counted. However, the 
condi t ional  p robab i l i t i es  of being co r rec t l y  
enumerated g i ven the  person was counted are 
independent. Here the estimator is biased 
downward. But, th is  is a problem with which we 
must cleal regardless of how v~e handle imputa- 
tio,~s, cioseouts, etc. 
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Table 3c is the more r e a l i s t i c .  Correlat ion 
~ias exists both between counted and not 
counted and between co r rec t l y  enumerated and 
i n s u f f i c i e n t  information. The l a t t e r  bias is 
assumed not to be so severe. Our estimator is 
biased fu r ther  downward. 

Of course, we know census closeouts and 
imputations do d i f f e r  from the co r rec t l y  enumer- 
ated populat ion, j us t  as completely missed 
people d i f f e r .  There w i l l  be cor re la t ion  bias, 
and the bias w i l l  depend, in par t ,  upon which 
cases are excluded as unmatchable. 
3.0 A Model of Bias 

In th is  sect ion, we w i l l  present a model to 
show the precise ef fects  of cor re la t ion  and 
error  on thees t ima t ion  procedure. In the case 
wit l l  only two categories for  each source, there 
is only one parameter to represent net cor re la -  
t ion and error  when the marginals of the table 
are f i xed.  In the table below, the p robab i l i -  
t ies  in the table represent the p robab i l i t y  of 
ce l l  membership under the assumption of indepen- 
dence plus or minus a fac tor  (m) representing 
the cor re la t ion  between the two sources, error  
in matching or categor izat ion,  or other sources 
of bias. 

Followu P Survey . . . . .  

In Out Total 
- - . . - -  . - - - - _ .  

C In albl+m alb2-m al 
E 

Out a2b~-m a2b2+m a2 N 
S Total bl b2 1 0 
U 
S -a2b2 ~ m ~ ( l ' a l b l )  

In th is  case as before, the number of 
matches observed is a proport ion of the to ta l  
population size" 

= (a ib i+~ )N  A 
2 

NAaibINA+mNA 

M A = NA 

i'll A N2 A 

=~ i! A =~ +~N A 

SO ~/ 2 

!i - M A - 4 ~ NI A N2 A ,i = ~A 
7) . . . . . . .  2'& ..... 

E szimator ~7) indicates how one could evalu- 
ate cile e f fects  of errors in matching or assuming 
in-,. ..... u~,~.ndence between sources Departures from 
inde;endence lead to s i gn i f i can t  biases, as can 
be seen by taking the di f ference between (7) 
above and the estimate (5) given above. Note 
that (7) is equal to (5) in the l im i t  as 
approaches zero, using L 'Hop i ta l ' s  ru le .  The 
value mused above is prespecif ied ( rea l l y  a 
funct ion of our procedures in the Tie ld and 
matching) and so y ie lds a fami ly of est imators. 

The most unfortunate aspect of th is  formula- 
t ion is the extremely rapid change i~ the e s t i -  
mate of true value of the to ta l  population in 
the region where we would l i ke  the assumption of 
independence to hold (where m = 0). In fac t ,  at 

= O, the slope of the funct ion is i n f i n i t e ,  
implying that the estimator is extremely 
v o l a t i l e ,  re ly ing heavi ly on independence. 
Nonrandom errors in matching, or cor re la t ion  

bias between the two data sources lead to large 
changes in the estimate. 

Now consider the estimator in the presence of 
problems in i den t i f y ing  where a case is matched. 
I f  i n su f f i c i en t  information is a problem, such 
that some cases can be included for  marginal 
to ta l s  from e i ther  source, but are not con- 
sidered matchable, then several sources of bias 
can a f fec t  the est imator.  In the table below, 
departures from independence for  the p robab i l i -  
t ies  of ce l l  membership are represented as m, 
B, n, Y, which are biases of i d e n t i f i c a t i o n  
and completeness in the followup survey. 

The value n represents a bias of completeness 
in both surveys (the census and the fol lowup 
survey). The value m represents a bias of 
i d e n t i f i c a t i o n  in both surveys. The values~and 
y are in terac t ion  terms, ind icat ing biases of 
both completeness and i d e n t i f i c a t i o n .  The value 

is a bias of completeness in the census, but 
i d e n t i f i c a t i o n  in the followup survey; the value 
y is the obverse. 

A bias of completeness is the bias due to 
cases being m~ssed in the census having a 
higher than expected p robab i l i t y  of being 
missed in the followup survey. A bias of 

i d e n t i f i c a t i o n i s  missing more information than 
expected i f  missing information is t r u l y  a 
random event for  each of the two sources. 

In 

I I  

Out 

Total 

Followup Survey 
J Cor rec t l y  Enumerated 

In I I  

alb1+(~+B+n+y) alb2-n-y 

a2bl-n-B a2b2+q 

a3bl-m-y a3b2+y 

bl b2 

Out 
. . . . . = .  

a2b3+B 

a3b3+m 
b3 

Total 

el 

a2 

a3 

1.0 

?ollowing the same procedure as for  the two 
by two tab le ,  the estimator of to ta l  population 
i f  the cnrre la t ions were known would be: 

8) N A = ½(~+B+q+y) -I ~,I - 

As in (7),  th is  estimator is very v o l a t i l e  in 
the presence of departures from independence. 
Furthermore, any of the sources of bias (corre- 
la t ion)  w i l l  lead to drast ic  di f ferences between 
the true population value and the estimate (5 ' )  
obtained by assuming independence. 

This formulat ion d i f f e r s  from that of Jabine 
and Bershad, who use the phi coe f f i c i en t  as a 
~easure of cor re la t ion  between the two sets of 
observations. In t he i r  formulat ion,  s imi lar  
proolems arise with the i r  est imator,  though they 
are not explored in the 1968 paper. Their 
cor re la t ion  coe f f i c i en t  (p) can only range 
between cer ta in values ( - ( l - a l )  < p < al)  which 
are s imi la r  to the r e s t r i c t i o n s  placed on the 
value of y above, and the i r  estimator (which 
also re f lec ts  the cor re la t ion  between sources) 
becomes i n f i n i t e l y  large (has a s i ngu la r i t y )  
wi th in  the viable range of a l ternat ives for  the 
cor re la t ion  coe f f i c i en t .  In e i ther  the Jabine/ 
Bershad formulat ion,  or the one used in th is  
paper, the conclusion is that  the dual system 
estimator is badly behaved i f  the assumptions 
underlying i t s  use are even moderately v io la ted.  
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4.0 Operational Considerations 
The important const ra in t  in designing a 

survey to measure erroneous enumerations, or 
def in ing s u f f i c i e n t  information for  matching is 
that  the independence of the census and the 
fol lowup survey must not be compromised. We 
must be careful not to turn the dual record 
system into a double entry accounting system. 
Not being able to locate a record in the other 
system cannot be allowed to be grounds for  
def in ing i t  I I  or EE. 

This may seem obvious, but there is a 
strong tendency to do j us t  tha t .  I t  is 
extremely easy to set up a matching procedure 
which f i r s t  searches the other system in an 
attempt to f ind a match. I f  a match is found, 
the record is coded "Matched." I f  no record is 
found, the personal and address information is 
ca re fu l l y  examined, and i t  is often determined 
that there was not r ea l l y  enough information for  
matching, and the case is coded I I  instead of 
being considered a true nonmatch (out of one 
system). The errors introduced by th is  biased 
procedure can be of the same magnitude as the 
number of true misses. 
4.1 Measuring I nsu f f i c i en t  Information Cases 

Checking for  su f f i c i en t  information is a 
simple c le r i ca l  problem. Clear rules can be 
established for  minimal information. Estab- 
l ish ing optimal rules for  s u f f i c i e n t  information 
however, is one of the most important decisions 
to be made. Overly s t r ingent  rules lead to 
increased cor re la t ion  bias, as well as increased 
variance by reducing the size of the usable 
sample. Overly loose rules of s u f f i c i e n t  i n fo r -  
mation are bound to lead to an increase in 
erroneous nonmatches and erroneous matches, and 
these in a l l  p robab i l i t y  w i l l  not balance out. 
This is not a t r i v i a l  problem--even in the case 
of imputations. 

F i r s t ,  i t  is clear that  we need to know the 
number of cases with i nsu f f i c i en t  information 
for  matching for  each subpopulation for  which 
we w i l l  be con t ro l l i ng .  This requires an 
extensive cross tabulat ion of imputations--as 
well as of counts. 

Further,  there is not an exact correspon- 
dence between imputations and i n s u f f i c i e n t  
information for  matching. An imputation may be 
matchable. There may be nothing wrong with the 
questionnaire except that  the entr ies were made 
too l i g h t l y  to be machine readable. On the 
other hand, some census questionnaires may pass 
ed i t ,  but w i l l  lack name or other information 
v i t a l  to the matching. 
4.2 Measuring Erroneous Enumerations 

Measuring erroneous enumerations is a more 
d i f f i c u l t  matter. I t  involves, in essence, 
second guessing the census. One must return to 
the f i e l d ,  usual ly months l a te r ,  and f ind out 
whether these people ex is t  and whether they were 
co r rec t l y  enumerated. 
4.2.1 Whether someone exists or not is 
conceptually a simple problem. Operat ional ly ,  
i t  is not so easy. The d i f f i c u l t y  is to ensure 
that we do not throw out, as erroneous enumera- 
t ions ,  members of groups with low social v i s i -  
b i l i t y .  We do not want to throw out those 
cases most l i k e l y  to be missed by e i ther  system. 
The fact  that someone was missed by the fol lowup 
survey is not s u f f i c i e n t  evidence of erroneous 

enumeration. We need additional information, 
for example, that a building does not exist, or 
another family was l iving in that house. I f  no 
one in a neighborhood knows a household, we can 
throw them into the category EE--albeit at some 
risk. 
4.2.2 Determining whether someone was correctly 
enumerated is conceptually and operationally 
more d i f f i c u l t .  One must decide not only that 
someone exists and should have been enumerated, 
but also where they should have been enumerated. 
TheBureau has identif ied two approaches: 

Definition I - A person is "correctly 
enumerated" i f  he should have been enumerated 
and was enumerated once and only once, even 
though i t  might have been in an incorrect loca- 
t ion. A person is "missed" i f  he should have 
been enumerated in the census but was not 
enumerated in an~ location. An enumera-'t'Ton is 
con s'~dered ' to be an "erroneous enumeration" i f  
the person should not have been enumerated but 
was (e.g., he did not exist, lived outside the 
U.S., was born after the census or died before 
the census), or the person should have been 
enumerated but was enumerated more than once. 

Definition II - A person is "correctly 
enumerated" i f  he was enumerated in the census 
at the address reported by the followup survey 
as the census date residence. A person is 
"missed" i f  he was not enumerated at the census 
date residence that  was reported in the fol lowup 
survey. An enumeration is considered to be 
"erroneous" i f  the fol lowup survey reports that  
the person was not l i v i ng  at the locat ion where 
the census recorded him. For example, the 
fol lowup survey could report  that  no such 
person ex is ts ,  or that  the person was born 
a f te r  the census, died before the census or was 
l i v ing  elsewhere on census date. 

The Census Bureau has found that i t  is 
impossible to search a l l  locat ions where a 
person might have been enumerated. So we are 
forced into Def in i t ion  I I .  But, while 
seemingly clear for  the purpose of def in ing 
misses, the de f i n i t i on  must be ca re fu l l y  used 
in dealing with erroneous enumerations. In 
theory, where one reports one should have been 
enumerated should be the same regardless of how 
one is sampled for  a fol lowup survey (System 2). 
But for  the people who move between the census 
and the fol lowup survey, serious problems can 
ar ise.  This brings us to our next issue: 
misstatement of address. 

One of our serious problems is that  many 
people misstate t he i r  Census Day address. Many 
people report  that  they were l i v i ng  "here" 
during the fol lowup survey even though they have 
moved. A less common problem is people who 
report  t he i r  address as "there" during the 
followup survey even though they moved before 
Census Day. This phenomenon, known as t e le -  
scoping, has been uncovered in other studies with 
with the same net resu l t .  Careful probing can 
reduce th is  problem, but i t  cannot el iminate i t .  
Clear ly ,  anyone who misstates t he i r  Census Day 
address w i l l  be counted as missed. This must be 
properly balanced in the E-Sample by t rea t ing  
people who misstate the i r  address as erroneously 
enumerated. There are two ways of doing th i s :  
one p o t e n t i a l l y  unbiased, but expensive, one 
po ten t i a l l y  biased but cheap. 
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The potentially unbiased method is to 
followup out movers, and interview them at their 
new address. The interview would be a normal 
"System 2" survey interview. They would be 
asked "where they were living on Census Day." 
I f  they correctly reported their previous 
address, they would be counted as correctly 
enumerated there. I f  they incorrectly reported 
their old address, we would treat them as 
erroneously enumerated at the old address. 
Thus, the treatment of misreporting of address 
is the estimation of erroneous enumerations 
would be consistent with the estimation of 
omissions. 

The other approach is to accept the word of 
the current occupant as to who was living there 
on Census Day. Thus, i f  the current occupant 
wrongly reports that he was living "here" on 
Census Day we accept this. I f  he also reports 

that the previous occupants moved out before 
he moved in, we accept that .  Clearly, any 
other family enumerated in the housing unit  at 
the time of the census was erroneously 
enumerated--if we accept the word of the current 
occupants! Again, the reports may be inaccurate 
but they are consistent and balancing. 
5.0 Conclusion 

The methods we have outl ined are a way to 
handle a d i f f i c u l t  problem. However, they do 
not'solve the problem, any more than hot-decking 
has solved the problem of nonresponse. 

As always, f ie ld  work should be done so as to 
minimize nonresponse, and erroneous enumerations. 
Matching rules should be constructed to keep the 
insu f f i c ien t  information category as small as 
possible. But the problem w i l l  exist  and al l  
one can do is to attempt to handle i t  in an 
unbiased manner. 

Table I: Derivation of Dual System Estimates 
A Perfect System 

(complete information for each record 
and no erroneous enumerations) 

Followup Sur~ 

i O u; 
In M A [ 

Out 

Total Nz/~ 

ey Counts 

Total 
. . . . .  

N~ A 

N A 

Followup Survey Probabi l i t ies 

O To ai . . . . . . .  

I ! 

S Tot'a'l I ! 

Table 2: Derivation of Dual System Estimates 
A System with Imperfect Information 

(missing information for enumerated households 
and erroneous enumerations in the counts) 

Fol lowu~ Suryey Counts 

Correctly 
Enumerated Sub 

In 11 Out Total EE Total 

C C°rr" ~ n I~A - - - ' -  ----- '-  -~- . . . .  I 
E Enum ) I I l IA  ~ I l IA  
N Out 
S Sub Total I12 A N A N~A 
U EE ~ ~ EEIA_. 

l lzA EEzA" 
| I . . . . . . . .  | .  

N2 A 

Followup Survey Probabilities 

Correctly 
Enumerated Sub 

In I I  Out Total EE Total 
Cor r .~ In  ai-~-i al-'b'2 a1-Tb-3 al --- al ~ 
Enum J l l  a2bz a2bz a2bs az a2" 

Out aabl aabz a3b3 a3 a3" 
Sub Total bl bz b3 1.0 a,"  

EE 

Total b1" bz" bs" b~" 1.0 
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Table 3" Estimation of the Size 
of the Total Population 

Table 3a" Estimation when the 
Assumption of Independence Holds 

PES 

Counted 

Corr. 
C~insus Total Enum. I I  

Total Counted 720 675 45 
Corr. ~num. 640 600 40 
I i  80 75 5 

Not Counted 80 75 5 

Total 800 750 50 

Not 
Counted Total 

180 900 
160 800 
20 I00 
2O lO0 

200 1,000 

A 
N : (900-100) (800-50) 

. . . . . . . .  60"0 . . . . .  l ,  ObO0 

Table 3b" Estimation when I den t i f i ca t i on  
by Each Source is Correlated 

Counted 

Corr. 
Census Total Enum. i l  

Total Counted 720 675 45 
Corr. Enum. 640 600 40 
I I  80 75 5 

Not Counted 60 50 lO 

l o t a l  780 725 55 

PES 

?lot 
Counted Total _ : 

180 900 
:160 800 

20 lO0 
40 lO0 

220 1,000 

Table 3c" Estimatior~ when both 
i d e n t i f i c a t i o n  and Completeness 
of each Source is Correlated 

PES 

Counted 

Corr. 
Census Total Enum. I I  

Total Counted 720 665 55 
Ccrr. Enum. 640 600 40 
I I  80 65 15 

Not Counted 60 50 I0 

Total 780 715 65 

Not 
Counted Total 

180 900 
160 800 
20 lO0 
40 I00 

220 I ,  000 

[/~ : ii(igoio--I 00) ( 7 8 0 - 6 5 )  : 9 5 3  
- 600 
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