Karol J. Krotki

The Population Growth Egimation (PGE/
ERAD) Method of Obtaining Death Rates
AnOvevienv

The inadequacy of demographic data for the mgority of the human race
due to the paucity and recency of population censuses, and even more so
due to the non-existence or incompleteness of the registration of vita
events, has led to much ingenious search for subgtitute data. Another
stimulus to such a search was given by the need for data required by
makers of population policies, and by designers and evaua-tors of family
planning programmes.* Both groups were brought into existence through
the emergence of the so-cdled "population problem”, arising precisdy in
the countries with inadequate demographic data. Demographers in the
United Nations and those grouped around the Princeton Office of
Population Research made important contributions to the development of
analytical techniques (e.g., U.N. No. 39 and U.N. No. 42) leading to the
assessment resulted often in the estimation of demographic parameters,
possibly and probably, closer to redity than the reported data. There is,
however, no substitute for real data Hence, the ingeniousness in the
development of new anaytical techniques aimed at increasing the usefulness
of such unreliable data as made available traditiondly, was paraleled by
ingeniousness in the collection of new types of data and new methods of
collecting data.

1. The main focus of formulators of population policies and that of family planning
programme designers and eval uators is on the measurement of births. Nevertheless, the
measurement of deaths could not help benefiting from thisinterest through thelink withthe
rate of natural growth.
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Among the many new survey and non-survey sources of data, three
distinct groups have become important in recent years : the service
satistics for family planning programmes, KAP surveys (knowledge,
atitude, practices), and PGE/ERAD surveys (Population Growth
Estimation of Estimation du Rhythme d'Accroissement Demographique). It
s0 happens that the Population Council of New York sponsored or is
sponsoring the production of handbooks in each of the three fields (Ross et
al., 1968 ; Cddwdl et al., 1970 ; Marks et al, 1974). The purpose of this
paper is to present the state of the art reached by the PGE/ERAD
techniques, particularly as it applies to the measurement of mortdity.
The PGE/ERAD literature includes by now a large number of titles and
only scant justice can be paid to this interesting topic in a brief paper.
Reference must be made to the sources cited (as well as to other sources
given in the citations, but not- in this paper) for further elaborations,
particularly with regard to the field experiences, as this paper is limited to
the sketching out of the underlying principles.

Briefly, the PGE/ERAD technique congists of the collection of data by
two independent methods for the same population with regard to the
same time period. The results are then compared case by case. From
the case-by-case comparison three categories of events are obtained :
caught by both methods, caught by one method only but not by the
other, caught by the other method but not by the firg one. Findly,
an edimate of events missng by both methods can be obtained
through a wel known and long established propostion in  pro
bability. It will be readily recognized that the success of the technique
depends on the effectiveness of the case-by-case comparison and on the
independence between the two methods. With regard to the comparison,
the novelty lies in the case-by-case feature, because comparisons in the
aggregates obtained by more than one method were made often in the
past. Such global comparisons, if giving smilar results, were deceptive
as to level, and productive of unjustified confidence, when the compos
tion of the cases under each method was different.?

2. There are uses of a case-by-case comparison, other than for purposes of PGE/ERAD
estimation, such as, for example, the case-by-case checking of two lists of two heaps of
documents or onelist and one heap of documents for administrative purposes or control
purposes. The theory of matching and record linkage is applicableto al of them, but this
paper islimited to the PGE/ERAD facets and uses of such comparisons.
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The independence between the two systems, about which more will be
said later, justifies the application of the probability proposition.
Basically, if two events occur independently of each other, then the pro-
bability of joint occurrence is equal to the probability of one event
occurring times the other event occurring. In algebraic notation®: the
probability '

(4 and B)=probability (4) . probability (B), (1)

4
A+ notd

where probability (4) =

B

probability (B) = BT¥notd ;

It will be remembered that the condition for equation (1) to be true,
is that the occurrence of 4 has no effect on the occurrence of Band
vice versa. :

Equation (1) can be rewritten as follows

Pr{4 and B)

Pr{d) = Pr(3) )

The three terms occurring in equation (2) can be redefined as follows :
Pr(d)=Tt= P ‘ ©

@) =q=F @

Pr(4 and B) = %= Py )

where,

N = true total number of events irrespective of whether reported or
missed ;

N, = number of events caught by method 1 ;

N, = number of events caught by method 2 ;

M = number of events caught by both methods.

3. Different notations are used by different writers, In this paper we follow Marks
er af,, 1974, pp. 13-17.
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We substitute the old notation in equation (2) by the new notation in
equations (3), (4) and (5), and after transformation obtain :

N_M
N - Nz_ (6)

Performing a similar exercise for the other method we obtain :

. Na M _ %)

e ——

N N

Equations (6) and (7) mean that the match rate of either method in a
PGE/ERAD collection is equal to the completeness rate of the other
method ; more directly : the match rate of one gives the completeness
rate of the other.?

As already indicated in the introductory paragraphs, we also obtain
an estimate of the total number of events, including events omitted by
both methods, apart from the estimates of completeness of either method
shown in equations (6) and (7). The estimate of the total events (V) is
obtained by transforming the terms of equations (6) or (7) into the
following result :

_. NN,
N=—r. ®)

It must be clear by now that the estimate derived through equation (8),
is not in any way a new, unique, or special statistical adjustment. It has
been in use for a long time and for many purposes. To suit the needs
arising in connection with vital statistics estimation, the last equation
can be further transformed. Let

Ni=M+U, )
Ne=M+ U, : - (10

4. 1t has been reported (Seltzer, 1969, p. 401) in respect of 19 PGE/ERAD studiesthat the
median completeness for deaths was 69 per cent (range 23to 91), lower by 8 per cent points,
but with asimilar range than births. Thisvariability reflectstrue differencesin conpleteness, as
well as biases. As indicated later in the text, loss or lack of independence, usually
overestimates completeness, maching errors can have abias effect in either direction, out-of-
scope event, if not included by the other method, under-estimate compl eteness, spurioudy,
of the other method.
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where Ny, N and M continue carrying their previous meanings, and
U, = events caught by method 1 only,
U, = events caught by method 2 only,

Equation (8) can then be rewritten

(M 4+ U (M + Uy :
N= 1 . (11

Through simple transformations

N=M+0U+ U+ 20, )
L e -

Equation (12) is clearly message-conveying. The four terms on the right
side correspond to the basic four PGE/ERAD categories described
earlier: events caught by both methods, events caught by one method but
not by the other, events caught by the second method but not the firgt,
events missed by both methods. The last term is the "fourth category”
celebrated in PGE/ERAD literature.

Higtoricdly, the origin of the ideas behind this method is hidden in the
mist of the past. The earliest application of it to vital events known to the
present writer and his colleagues, is the Canadian evaluation of the
completeness of birth registration in 1931 (Tracy, 1941). Another is the
estimate of birth under registration in the United States in 1939 (Grove,
1943). This latter exercise, and some of the related work, have been
reported extensively in some detail in technica literature (e.g., Shapiro,
1950). An important step has been taken by Ghandrasekaran and Deming
in their 1949 article when they moved from what we described earlier as
equation (8) to equation (12).° In the forties a number of exercises were
undertaken on this generd theme, usualy limited to the provison of
estimate of completeness (our equations (6) 'and (7)), that is to say, without
endeavouring to estimate the "fourth category', given in equation (12). For
twelve years the Chandrasekaran-Deming article has only faint echoes,
until attention to it has been drawn at the New York conference of the
International Union for the Scientific Study of Population (Coale, 1961).

5. They also made other significant contributions to the development of the PGE/
ERAD techniques.
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At the next conference of the Union in Ottawa, at a session organized by
a French demographer (Louis Henry) the first report on a practica
application of the PGE/ERAD techniques has been presented (Krotki,
1963). Since then, a large number of exercises have been undertaken and
a somewhat smaler number reported upon in technical reports and
professiona journdls.

To date some forty surveys employing PGE/ERAD techniques have
been carried out or are being carried out.” The countries involved include
. Algeria, Brazil, Chile, Egypt, India, Kenya, Korea, Liberia, Mdawi,
Morocco, Pakistan, Sierra Leone, Tanzania, Thailand, Tunisa, and
Turkey. PGE/ERAD techniques feature in an important manner in the
International Program of Laboratories for Population Statistics
sponsored by the University of North Carolina and the first task of the
first laboratory, Stuated a Columbia, under this programme is the
elaboration of various dternatives of data collection for PGE/ERAD
purposes.

For the two methods required by the PGE/ERAD technique two of the
following are frequently used : civil registration, specia registration (that
is specid to PGE/ERAD), one time survey, multiple visit survey.
Typically, the estimates of completeness for deaths are proportionately
lower than for births, but not absolutely; for example, a true birth rate of
50 reported as 40 will be accompanied by a true death rate of 20 reported
as less than 16, but not less than 10; thus, the true natura increase of 30
will be reported as lying somewhere between 24 and 30 or less, but not,
typically, more than 30. The consequence of this phenomenon is,
incidentaly, that in the absence of PGE/ERAD techniques there is a
tendency to underestimate the net population growth. This writer's
current preference is for the combination of a specid PGE/ ERAD
regigration and multiple visit surveys a regular intervas every six
months with ecall periods of a year. However, no definite preferencein
principle can be suggested. Too much depends on details of locd
circumstances and the time horizon of the PGE/ERAD survey. An
extensive discussion of some of the relevant considerations is offered in
the PGE/ERAD Handbook referred to earlier.

At this stage of the discussion, we must refer to a number of important
topics. The first, and most important, topic is the question of indepen
The actual count depends on definitions used (Seltzer, 1969, p.3%; Beaia,, 1974).
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dence between the two methods. All of the theoretica basis of the
PGE/ERAD technique rests on it and yet it is subject to two dangers.
The firg is the likdihood that smilar types of events will tend to be
omitted by both methods because of characteristics inherent in the event,
for example mortdity of transients and of cases subject to neo-natal
mortality. Chandrasekaran and Deming suggested that much of this
disadvantage can be remedied by breaking up the events available for
anaysis of characteristics, which separate the population in this manner.
The PGE/ERAD estimation is then carried out separately for each of the
population groups so isolated. Chandrasekaran and Deming were able to
improve their estimates in this way, but attempts to do so in two other
countries (Pakistan, Thailand) did not produce significant improvementsin
the PGE/ERAD egtimates. Possibly, the population was not broken up on
the most relevant characteristics.

The other danger to independence is the risk of cooperation between the
two methods. To take an extreme case: perfect collison will result in
perfect matching: (and low estimates of vita rates);” al events will fall
into the first category, and each of the other three categories will be equa
to zero. An attempt is made in Liberia to reward field workers of one
system for verified events caught by them but not by the workers of the
other method. One can imagine the kind of "cooperation” which might
arise between the two groups of field workers. In fairness to each other,
they would scrupulously divide their cases between them: the first
category would be zero, the second and third category would contain
exactly half of the events reported, and the fourth category would be zero
again. Strangely enough, the find result would produce a perfect estimate,
if the two parties would redly exert themselves to ferret out the last
event, but one shudders to think what will happen to the Liberian budget.
The bias of the pesent writer is that no specia steps whatsoever should
be taken, but that the independence between the two methods should have
two separate organizations, quite independent of each other, so that the
fird¢ common supervisor is the Director Genera a the nationa
headquarters; during the lifetime of the experiment, lessons learned about
the inadeguacies of one method, including the dovenliness of field workes
should not be fed into the system by the other method as errors of the
first method. The Director Generd, if schizophrenic

7. Thisisan extreme case of the effect of lack of independence indicated in footnote 4.
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enough, might in his more secretive moods contemplate means of
improving either method from his experience gained in the other method,
but the respongbility for quality must rest on supervision interna to each
sysem. Cetanly reconciliation procedures required because of
discrepancies between the events as reported by each method, must be
investigated in the fidd by a third unit under the Director-General, with no
means of feedback into the other two systems. The duties of the field
workers of the two systems must be highly structured. The PGE/ERAD
Handbook makes a large number of elaborate suggestions. The
responsibilities must not be left to genera admonitions such as "Y ou must
try to locate al births and deaths in your ared', "midwives, tea-shops,
barbers are good sources of loca gossip”, "work hard" and the like. And,
of course, in line with this reasoning, inspectors from headquarters
travelling around the country with evidence from one system, attempting
to find out why the other system did not report events found by the first
system, can only lead to dissdter.

It will be noted that the extreme attitude with regard to independence
represented in the paragraph above has not been accepted in the Gujarat
exercise where the work of a member of one system was checked by a
member of the other system (Mehta, B69). No wonder that it has been
found that these other workers "consulted the registration list" produced by
the first worker (ibid., p. 406). Furthermore, during the field reconciliaion
they were unwilling "to list any event that the registrar has found but that
they themsalves had not found" (ibid., p. 408). The findings (ibid., p.
410) that the two systems should be carried out by independent
organizations, matching should be done in headquarters, field enquiries
should be carried out by a third party, confirm recommendations long
available in PGE/ERAD literature.

We aso said that the accuracy of the PGE/ERAD estimate depends on
the accuracy of M and NI or Nz (or their complements Ui and J7,), that is
the events matched and non-matched, which quite plausibly are not the
same categories as caught and not-caught by either of the two methods.
The values of M and Ni and N, rely on the adequacy of the matching
system and on the incidence of £>ut-of-scope events. As far as matching is
concerned, a PGE/ERAD estimate depends ‘on the net error, i.e, it is
necessary to strike such matching rules that the net difference
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between erroneous matches and erroneous non-matches is a a mini-
mum.® The net error can be either positive or negative. The rules depend
in turn on the discriminating power of the characteristics used for
matching and, obvioudy, this power varies for the same characteristic
between anthropological cultures.

The incidence of out-of-scope events depends on a number of cons-
derations, but specificaly, on the time concept of the respondents and
their recollection for tempora out-of-scope and on the number of sample
areas, and consequent length of boundaries at which spatial out-of scope
cases arise. Doubtful matches and doubtful non-matches, particularly
when bringing the suspicion of out-of scope occurrence, must be
investigated, reconciled, and confirmed in the field by investigators
working directly from, or at least for, headquarters, without any respon-
sihility to either of the two systems. To begin with, this is likey to be an
expensive part of the experiment, because a high proportion, probably dl,
doubtful cases need to be reconciled. All gross errors have to be looked
a. When with experience, matching rules have been established at the level
of lowest net errors, the importance and expense of the field reconciliation
will dwindle dtogether or even disgppear. As a minimum precaution to
preserve independence, the ingtructions given to the third force should be
on identical documents irrespective of the system through which the
doubtful event has arisen. In the course of taking to respondents the
member of the third force might discover the system through which the
event has been reported (and consequently the system that omitted the
event), but as long as this information is of no further consequence to him
or to anybody within his reach, the discovery is not likely to create much
excitement. Much of the art of PGE/ERAD designing rests on ways of
avoiding or measuring the sources of bias discussed above as well as the
likelihood of bias in the ettimate of the base population. An increasing
number of theoretica discussions and empirical reports provides relevant
suggestions of how to ded with erroneous matching (e.g., Srinivasan and
Muthiah, 1968), erroneous incluson of events, and lack of datigtical
independence between the two systems of data collection (e.g., Jabine and
Bershad, 1968).

8. In this consideration "mis-matches" areirrelevant and non-dameging. Mis-matchesare
documents that should be properly matched, but have been coupled with the wrong
document, a matter grevious administratively, but not affecting estimates of vital events.
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A survey of the complexity and expense of a PGE/ERAD survey depends
for its success on a large number of various services and considerations.” It
is dmogt axiomatic that it depends more on the mode of application of a
method than on the selection of the method itself. It is another truism that
the results depend on the total error, and not only, on the sampling error.
This writer suffered greatly from out-of-scope problems and is very
impressed with boundary problems.  He is, therefore, in favour of large
clusters, and is ready to pay the price of large sampling errors.  Judging
from such data on variances as are available from various experiments, a
PGE/ERAD  survey covering 100,000 people in some 30 clusters will
produce estimates of death rates with coefficients of variation varying around
6 per cent (4 per cent in the case of births).’> It needs only some dight
violence to the purity of estimation techniques to lower these sampling
errors, when the data are cumulated after the experiment has been in
existence for more than a year. In any case, these sampling errors are
likdy to be smdl in com-, parison with non-sampling errors, in an average
survey. Much depends on local circumstances, and it can be suggested that
counting all costs a complete PGE/ERAD survey, covering 100,000 people or
25,000 households, without compromises on the principle of independence,
will cogt up to two hundred thousand US dollars annudly. Again, it must
be repeated, much depends on circumstances, including the accounting
sysem of the organizations concerned. At eight or less dollars per
household, we can buy a system that is rdatively reiable, sdlf-checking and
producing measuresble errors™  This is not an exorbitant bill.  For
somewhat larger samples in the States of India, expenditure of one-fifth of
the above suggestion has been reported (Agrawal, 1969, pp. 382 and 383),
but it remains to be ascertained that all expenses were included and

9. For example, we have not covered in this brief paper all the problems relatedtothe
establishment of the base popul ation appropriate to the vital events estimated through PGE/
ERAD.

10. The larger CV for deaths than for birthsistypically due to fewer events with the
same population size in the sample rather than to greater variability in the occurrence of
deaths.

11. It goes without saying that no analyst would take PGE/ERAD estimates as the final
word. They must be viewed as complementary with estimates derived through demographic
analysis of such other data as might be avail able(induding age didributions obtainedasaby-
product of one or the other of the two systems employed in a PGE/ERAD experiment),
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what the total cost would beif all the PGE/ERAD principleswere fallowed”
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