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INTRODUCTION

The unique feature of the dual system
estimator is that it adjusts for population under-
enumeration due to incomplete reporting. It is
based on the estimate derived from each of two
imperfect data collection systems and on an esti-
mate of the number of the same individuals that
are counted by both imperfect systems. The dual
system estimator of N, the population size, is

~ N;N
N = 172

N2
where Ny is the estimate of N based on the first
data collection system, Ny is the estimate based
on the second system, and Nip is the estimate of
the number of individuals that are counted by Np
and Nj.

Even though ﬁl and ﬁz are biased estimates
of N, the dual system estimator of N is a consis-
tent estimate of N if the following assumptions
hold:

(1) Every individual in the population is eli-
gible to be enumerated by one or both data
collection systems.

(2) Whether the individual eligible to be enu-
merated by a system is reported or not
reported is a Bernoulli variable.

(3) Whether the individual, eligible to be

enumerated by both systems, is reported or
not reported by one system is independent
of whether or not he is reported by the
other system.

The traditional dual system estimator assumes
that N1 and Ny are based on different collection
systems, such as a household sample survey and a
registration system, and that Nj; is determined
by matching the files of the individuals enu-
merated by the two systems. The dual system net-
work estimator is based on procedures that are
quite different.

The dual system network estimator assumes
that N1 and Ny respectively are based on disjoint
counting rules ry and r; adopted collaterally
by a household survey henceforth referred to as a
dual system survey. Njz is based on a quality
check survey using the following scheme that was
proposed by Nathan [2]. Quality check interviews
are conducted at households that are eligible to
report individuals by a different counting rule
than the one by which they were enumerated ori-
ginally in the dual system survey. Thus, if an
individual was reported in compliance with rj in
the the dual system survey, he would be enumerated
at a quality check household eligible to report
him in compliance with r, and vice versa. The
objective of the quality check is to ascertain
whether or not the individual previously reported
in the dual system survey by one rule is also
reported by another household that is eligible
to report him by the other rule.
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For instance, rq could denote the de jure
residence rule that counts individuals at their
usual places of residence, and ry a family net-
work rule that counts individuals at residences of
their close relatives. Individuals that had been
reported by their usual places of residence in the
dual system survey, would be enumerated at the
households of close relatives in the quality check
survey, and the individuals that had been reported
by relatives' households in the dual system survey
would be enumerated at their own households in the
quality check survey. The quality check house-
holds are identified by respondents in the dual
system survey. Thus, the individuals that report
themselves in the dual system survey provide the
names and addresses of relatives that would be
eligible to report them in the quality check survey,
and the relatives who report individuals in the
dual system survey provides the names and addresses
of these individuals for follow-up in the quality
check survey.

The dual system network estimator and its com-
ponent estimators are derived in the following
sections of this paper. Biases of the traditional
dual system estimator and of the dual system net-
work estimator are briefly discussed in the final
section.

ESTIMATORS N7 AND N

The I, (o=1,...,N) individuals in a population
are enumerated in the dual system household survey
by two mutually exclusive counting rules, ry and
r2. The links between Iy (0=1,...,N) and the
households H; (i=1,...,M) eligible to report them
in compliance with these rules are specified by

§.=08..+38

ol oil 0i2

where the indicator variable

1 if Iy (e=1,...,N) is linked to Hj

§ (i=1,...,M) by rr (k=1,2)

aik =
0 otherwise.
Let
)
N,o= ¥ S . = the number of the
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Iy (o=1,...,N) eligible to be enumerated by T
(k=1,2) and
N M % (1)
No =w) 2 8- S 970 =
1205 42y odl/syy 52 T2/sy,

the number of the Iy (a=1,...,N) eligible to be
enumerated by ry and rj.

where

s the number of households

M
ok 121 Saik ~
eligible to report Iy (o=1,...,N) by % (k=1,2).
1F5 0 > 1 (om0 ,N) (k=1,2), N = Np, = N



the other hand, if Sy1 2 1 (o=1,...,N) but Sq2 = 0
= N but Ny = Ni» # N. And if Sel
) = 0 for some Iu, N1 # le and N2 # le

unless the identical I, are covered by Ty and T,

for some Ia’ N1

=0 and s
o

The Iu (e=1,...,N) may or may not be reported
in the survey by the Hi (i=1,...,M) to whom they
are linked by rq and T, Consequently, we denote
the survey responses by the random variables
1 if Iu (o=1,...,N) is linked to and

enumerated at Hy(i=1,...,M) by 1|
(k=1,2)

0 otherwise.

6aik =

We assume that the E(6 .,) =p, 6 ., (o=1,...,N)
(=1, M) (k=1,2), e 0 <ot

A random sample of m out of M households is
selected, and the T, (a=1,...,N) at the m house-
holds are enumerated by rq and r; in the dual

survey. Two estimates of N are derived from the
survey.
~ M % ? -
Ny = — a. 8 s (k=1,2) (2)
k m i85 1 45 ulk/suk

where the Bernoulli variable

1 if H, (i=1,...,M) is selected

a. = in tﬁe dual system survey
1

0 otherwise.

Since E(ﬁk) = Nk Py (k=1,2) it follows that ﬁk is
an unbiased estimate of N if and only if s > 1
(@=1,...,N) and py = 1.

ESTIMATOR le

Subsamples of reports of individuals enu-
merated by ry and rp in the dual system survey
are selected for the quality check survey. For
each type of report, a quality check household is
selected at random from syt households (t=3-k)
where the I, (a=1,...,N) is enumerable by a dif-
ferent rule than the one by which he was enu-
merated originally. Thus, if I, had been enu-
merated by ry (k=1,2) in the dual system survey,

a household eligible to report him by r¢ (t=3-k)
would be selected for the quality check survey.
The quality check survey ascertains whether or not
the Iy (a=1,...,N) that were reported by rik
(k=1,2) in the dual system survey will also be re-
ported by households eligible to report them by
r+. Obviously, it would be impossible to select
quality check households either for the indivi-
duals that were enumerated by 1y (k=1,2) if sy¢ =
0, or for the individuals that were not enumerated
by 1y because sy = 0.

The selection of individuals in the quality
check survey is represented by the Bernoulli
variable
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[ 1 if Suik =1, sqt > 0 and the dual
] system survey report of Iy (a=1,...,N)
Caik
0

by Hi (i=1,...,M) using ry (k=1,2) is
selected in the quality check survey

If Syt 0 (t=3-k), it follows that E(e

£ Suik (k=1,2) where

otherwise.
k k

Ia (e=1,...,N) reported by rule Ty in the dual

aikl Soitd T
is the rate at which the

system survey are selected in the quality check
If Sut = 0, E(Eqikléuik) = 0.
individuals selected in the quality check survey

may or may not be reported by the quality check
households eligible to report them, let

1 if egix = 1 (o=1,...,N)(i=1,...,M)
(k=1,2), and I, is reported by the
selected quality check household
using r¢ (t=3-k)

0 otherwise.

survey. Since the

€ =
oik

Assuming that (1) the probability of being enu-
merated by a particular counting rule is the same
in the dual system survey and in the quality check
survey, and (2) the chances of being enumerated

in both surveys are independent, we have

E(eyix!Sik) = Pt ik
and
i fk Py Py Saik (k=1,2) if Sat > 0
B(E ) = (53K

0 otherwise.

Finally, we have two estimators of the Nip,
previously defined by (1) as thé number of the

Iy (0=1,...,N) eligible to be enumerated by 11
and 3.
G- e 1o ]
N = o £ . (k=1,2). (3)
12k ﬁ?i 515 ulk/suk

Under the assumptions specified in the preceding
paragraph,

E(Nypy) = Nyp Py Py LY
ESTIMATOR N
The dual system network estimator of N is
. KR
N = — (%)
N
where

Assuming large samples, and independence of res-
ponse in the dual system survey and the quality
check survey, we have

E(Nl) E(NZ) N

I
1V

EQN) = - =Lz Q)
E(N;,) Ny,
I€ s 4 > 1 (om1,...,N) (k=1,2), Ny= Ny= Npo= N,

and it follows that E(ﬁ) = N. On the other hand,



if Se1 2 1 (o=1,...,N) but Sy = 0 for some of the
Ia’ N1= N but N2= lef N. Nevertheless, under these

latter conditions it also_follows that E(N) = N.
Thus, we have shown that N is a consistent estimate
of N if sy > 1 (a=1,...,N} for either or both
counting rules, and if the responses in the dual
system survey and the quality check surveys are
independent.

CONCLUDING REMARKS

The dual system network estimator has the same
form as the traditional dual system estimator. For
the traditional estimator, Ny and Ny are based on
the outcomes of two separate data systems, a house-
hold survey and registration system respectively,
and Ny is obtained by matching individuals that
are reported by both systems. It has been shown
that the household survey used by the traditional
dual system estimator may be based on either tra-
ditional sampling [1] or network sampling [3].

The dual system traditional estimator and the
dual system network estimator are subject to corre-
lation bias if the assumption of response indepen-
dence is not satisfied. The traditional estimator
would have correlation bias if the responses to the
two data systems were dependent. The network esti-
mator would have correlation bias if responses to
the two counting rules were dependent.

The dual system estimators are also subject to
other types of nonsampling errors. TFor instance,
the traditional estimator is subject to matching
bias if individuals reported by both data systems
are not matched or if individuals not reported by
both systems are erroneously matched. Matching
bias is likely to occur if the variables used for
matching are based on poor quality data. The net-

342

work estimator is subject to address bias if the
addresses of the quality check households can not
be located. Address bias occurs when the dual
survey households provide incomplete or inaccurate
addresses for the quality check households [4].

Overall, however, relatively little is known
about the error effects of the traditional dual
system estimator and even less is known about the
error effects of the dual system network estimator.
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