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Introduction 
Dual record system (DRS) estimator was first proposed by 

Chandra Sekar and Deming (CD) in 1949 for estimating vital 
events in demographic surveys. For many years, it has been 
widely used in many developing countries, where the vital 
registration systems were not established widely. Dual record 
system estimation was used during the 1960s and early 1970s as 
an alternative method of data collection to single round surveys 
in developing countries due to their coverage problems and lack 
of data quality. Further methodological studies on the dual record 
systems estimators has led statisticians and demographers to use 
other survey techniques in place, because of the weakness of the 
statistical assumptions of the model as well as the biases involved  

 
in estimators. In this study, a review of the available literature was 
made and three sources of error in DRS are examined. These are 
inclusion of spurious reports of vital events, matching errors, and 
lack of statistical independence of the two data collection systems.  
 
Dual Record System Estimation

The CD method is based on collecting and matching data for the 
same units of observation, from two independent data collection 
sources. These two data sources may be any combination of the 
registration, census or sample surveys. Collecting vital information 
from two independent sources and matching these records by a 2 x 
2 contingency table provides the layout in Table 1.
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Table 1:  The Data Collection Structure of Dual Record System.

Data Source 2

Type of Report      Reported Not Reported   Total

Data Source 1

Reported n11 n12 n1+

Not Reported n21 n22 n2+

Total n+1 n+2 n

The Conventional Estimators
The classical Chandra Sekar - Deming Estimator,

 

( ) ( )n n n n nCD CD= + + +11 12 21 22         
(1)

where      /( )n n n nCD
22 12 21 11=                               (2)

On the other hand, same estimator can be presented in the 
following form by using the information on marginal totals,

 ( )( ) 11111121111211
)( //ˆ nnnnnnnnn CD

++=++=                 (3)       

In the past years, excellent works are also done on the dual 
record system assumptions, matching errors, estimators, sampling 
variances and the biases by [1-5] had examined the problems 
related to the CD estimators and had proposed some improvements. 

Assumption of Independence
[6] proposed their model on the assumption that the chances of 

an event being missed by the two data sources are independent of 
one another. In other words, the basic Chandrasekar-Deming model 
explicitly assumes that the conditional probability of an event being 
caught by one system, given that it is caught by the second system, is 
equal to the conditional probability of an event being caught by the 
first system given that it is missed by the second system. In practice, 
it is unlikely that these conditional probabilities are really equal [2]. 

 When the total number of events which are missed 
by both data collection systems are determined on the basis of 
 /n n n n22 12 21 11= then it consequently implies independence.  

This also means that, the number of vital events which are missed 
by both systems will be the same as one another, in amount, which 
does not seem realistic.

Chandra Sekar and Deming observed that it may be possible to 
reduce the bias resulting from lack of independence by classifying 
the events into homogenous groups on the basis of age, sex and 
other appropriate characteristics and making the estimate of events 
separately for each group. This will be effective if the correlation for 
the contingency table for each grouping or stratum is near zero but 
the correlation for the contingency table for all strata combined is 
not zero [7].

Measures of Correlation 
Chandra Sekar and Deming had recognized that the assumption 

of zero correlation was unrealistic and recommended the 
procedure of calculating separate estimates for events classified in 
homogeneous groups in order to reduce the correlation. [7] made 

some comments on the results from many available studies that, 
it was not clear to what extent this grouping procedure was used 
in preparing estimates. These limited results indicated the likely 
existence of a positive correlation for the overall population of 
events. Even if one could assume that all efforts were successful 
in having the two data collections carried out by different people, 
with neither group having any access to the results obtained by 
the other group, one would still not have achieved a situation with 
zero correlation or statistical independence. The latter requires, 
as stated by [6], that the events missed by either collection be 
equivalent to a simple random sample of all events occurring in the 
survey population. On a priori grounds it is reasonable to believe 
that for certain classes, the events would be more difficult to 
observe or record than for others, regardless of the method used. 

in order to clarify their point, they assume that both collections 
use the same procedure and as a result the expected value of n12

and n21  are the same, while for the sample n n n12 21≅ = * .  
These are the number of not observed vital events by one source 
which are observed by the other source.

     Jabine and Bershad (1968) proposed the following estimator.
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     The correlation between the two sets of observations was 
determined as,
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   This expression also indicated that the CD estimate of  ( )n CD
22  

which is ( )n n* /
2

11  will be an underestimate if the correlation is 
positive [7].

     On the other hand, [8] evaluated the developments of the recent 
past in their paper. They emphasized that,  /n n n n22 12 21 11≠   
if the correlation is present. The correlation coefficient of  n22  is 
defined as;

)(
22

CD
nρ =  n n n n

n n n n n n n n
11 22 12 21

11 21 12 22 11 12 21 22
1 2

−

+ + + +[( )( )( )( )] /
           (8)        

They proposed that, the CD estimator  

 /( )n n n nCD
22 12 21 11=

if   
ρn22 = 0.

If ρn22 > 0,   then  /( )n n n nCD
22 12 21 11>  and  the CD  

method underestimates  n22 .

If ρn22 < 0,   then  /( )n n n nCD
22 12 21 11<  and  the CD  

method overestimates  n22 .
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Main Sources of Bias
There are several sources of bias related to DRS estimation. 

[9] pointed out the main sources as: correlation between the two 
sources, coverage error, matching error, and denominator error. 
Most of the difficulties with the method as currently practiced 
arise from the need to ensure identical coverage by the two sources 
without loss of independence. All four sources of bias are involved 
in this, and the heavy investment in mapping besides the elaborate 
matching operation arise in efforts to combat this problem. In 
practice, one often finds that any particular proposal for improving 
the coverage fit of the two sources raises the spectra of “loss of 
independence”. [1] also classified the sources of bias related to DRS 
estimation in a similar manner. [2] and [1] also studied the spurious 
reports, matching errors, lack of independence and interaction of 
sources of error in the CD estimate. They presented formulations for 
the relative bias, limits of bias due to the inclusion of spurious reports, 
and net match errors.   [7] proposed the following expression for the 

bias of the CD estimate,
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and the relative bias is estimated by,
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[7] provides information in Table 2 to show the factors which 
affect the bias of the CD estimate.

Source: [7] 

Table 2: Relative Bias of CD Estimate for Selected Values of ρ  and [ )(/ 11
*

11 nnn + ].

ρ 
)(/ 11

*
11 nnn +  

0.5 0.6 0.7 0.8 0.9

0 0 0 0 0 0

0.05 0.053 0.035
0.

023
0.013 0.006

0.1 0.111 0.074 0.048 0.028 0.012

0.15 0.176 0.118 0.076 0.044 0.02

0.2 0.25 0.167 0.107 0.063 0.028

0.3 0.429 0.286 0.184 0.107 0.048

0.4 0.667 0.444 0.286 0.167 0.074

Source: Jabine and Bershad (1968)

Matching Bias
Matching bias is the result of imperfect matching of persons 

in the household survey and the census. In matching the events 
identified by the two procedures, we may err in either direction. 
That is, we may fail to detect a match, or we may declare a match 
when none exists.  [7] stated that, if the net effect of matching errors 
is to understate 11n , then we will overestimate the true number 
of events in the same proportion. In the presence of a positive 
correlation we have,
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     If the net effect of matching errors is to overstate 11n , that 
is 1111 nn >′ , then n̂  will always be an underestimate. In the case 
of that 1111 nn <′ , the bias resulting from matching errors will act 
in the opposite direction from the bias due to correlation, so that it 
is not possible to generalize about the joint effect of the two kinds 
of bias [7]. 

     [2] reports that, the relative bias in the Chandra Sekar – 
Deming estimate due to net match error may be expressed by;

 

m
mnB CD

+
−=

1
)ˆ( )(

where   B : relative bias of CD estimate ( N̂ )

 m : net relative matching error ( )[ ]1)(
1111 −Tnn

If m is positive, on balance there are more false matches than 
false non-matches, then N̂ is biased downward. If m is negative, 
there are more false non-matches than false matches, then N̂ is 
biased upward [2].

Out of Scope Bias
Out of scope bias refers to erroneous inclusions of persons by 

either the survey or the census. Some events may be recorded by 
either or both procedures when in fact they are not included in N, 
the true number of events associated with the units of observation. 
When recorded by only one method, such erroneously included 
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events will always increase the size of )(ˆ CDn , and hence tend to 
overstate the true number of events. [7] proposed that, when 
recorded by both methods, erroneously included events may affect 
the size of 

)(ˆ CDn depending on whether.
2*

1111 )()1( nnn >+   increases the size of 
)(ˆ CDn

2*
1111 )()1( nnn <+   decreases the size of )(ˆ CDn

2*
1111 )()1( nnn =+   the size of )(ˆ CDn  is unchanged.

Spurious Reports
The model proposed by Chandra Sekar and Deming assumes 

that only reports of proper events, as defined for a given study, 
are included when making the estimates. In practice, this is not 
the case. One or both systems may stray beyond the geographical, 
temporal, or conceptual boundary being employed. These kinds of 
errors result in spurious reports which in turn affect the estimate 
of total events.

     [2] reports that, considered independently from other 
sources of error, spurious reports in either or both systems wil bias 
Chandra Sekar – Deming estimates of the number of vital events in 
an upward direction. Assuming the statistical independence of the 
two systems and that no matching errors occur, the relative size of 
CD bias is;

=)ˆ( )(CDnRB [ ] 121 −VVU
where U: matches based on valid reports as a proportion of all 

matches,

1V : valid reports of system 1 as a proportion of all reports of 
system 1

2V : valid reports of system 2 as a proportion of all reports.

     If all matched reports truly represent within-scope events, 
then the relative bias 

of CD simplifies to.

=)ˆ( )(CDnRB [ ] 11 21 −VV
     The size of the bias due to the inclusion of spurious reports in 

the Chandra Sekar – Deming estimate of the vital events lies within 
the following limits.

[ ] ≤− 1)1( 2V ≤)ˆ( )(CDnB [ ]1)1( 2
2 −V

Coverage and Nonresponse Bias of Estimators
The following estimators are proposed by [10,11] for the case 

of equal sample sizes ( n n1 2= ). 
     Estimators which are based on data source 1 will be,

])[(ˆ 211
*
1121

)( nnnnnn A −−++= ++      where  
)(

22211
*
1 ˆ])[( Annnn =−− +

   

     For data source 1, the amount of bias due to coverage and 
nonresponse errors will take the following form,

=)ˆ( )(CDnB )(
22211

*
1 ˆ])[( CDnnnn −−− +

     The relative bias of the estimator for this case will take the 
following form,
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     Similar estimators can also be determined on the basis of data 
source 2 which will be,
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    For data source 2, the amount of bias due to coverage and 
nonresponse errors will take the following form,
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     The relative bias of the estimator for this case will take the 
following form,
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     By using 
*
1n  or 

*
2n  as the base, [10] had proposed the 

following estimator of the last cell of the design, which has coverage 
error and nonresponse error components.
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 Conclusion
The proposed estimators for the dual record systems are based 

on further division of the cells of the original table and the results 
have shown that, they improve the underestimation of the total 
counts when compared with the classical Chandra Sekar-Deming 
Estimator.  When a reasonably accurate registration system is 
available in a country, then the dual record system approach will 
naturally be less costly than a high quality based single round 
survey.  In addition to their use for determining the vital events, 
the DRS estimates can also be used for measuring the population 
census coverage errors as well as to improve the total counts in 
other surveys.
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