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PREFACE 

The continuing co-operative programme of mor- 
tality studies undertaken by the United Nations and 
the World Health Organization (WHO) strives not 
only to improve knowledge of recent levels and trends 
in mortality but, by carrying out small-area case stud- 
ies and by analysing social and economic correlates of 
mortality patterns, to improve understanding of the 
factors that affect the mortality spectrum throughout 
the developing countries. The aim of the programme is 
to improve the ability of countries to incorporate 
health considerations into their development planning 
and to improve the health and mortality situation of 
their populations. 

tiating or evaluating programmes relating to health and 
mortality. 

As part of the joint programme, the Population Divi- 
sion of the Department of International Economic and 
Social Affairs of the United Nations Secretariat, in co- 
operation with the Statistical OEce of the Department 
and the World Health Organization, with the financial 
support of the United Nations Fund for Population 
Activities (UNFPA), organized a Working Group on 
Data Bases for Measurement of Levels, Trends and 
Differentials in Mortality. The purpose of the inter- 
regional meeting of the Working Group, which was 
held at Bangkok. Thailand, from 20 to 23 October 
1981, was tgdischss experiences by various govern- 

Although an enormous IIumber of questions about ment and national institutions in collecting, analysing 
levels, trends and determinants of mortality remain and using mortality data relevant to the setting of pol- 
unanswered, the subject has failed, in the past several icies in the health development sectors of their 
decades, to arouse the interest of donor agencies or of countries. The members of the Working G~~~~ were 
developed countries. Developing countries themselves representatives of national statistical offices, national 
have given low priority to health in their national plan- health services and non-governmental institutions 
ning. overall health expenditures in most involved in the collection, analysis and use of mar- 
developing countries amount to less than 2 per cent of tillity data. the national product. Furthermore, the greatest por- 
tion of these public expenditures is for curative The report of the meeting, including the recornmen- 
cine, which reaches only a narrow segment of the dations of the Working Group for future action at na- 
population. tional and international levels, constitutes part one of the 

present publication. The subsequent parts are devoted 
The lack of a sound statistical basis on which to to papers that were selected from the commissioned 

judge current mortality conditions and to evaluate the papers and country statements discussed by the Working 
effect of current health programmes is prominent Group and that were revised after the meeting. 
among the reasons for the insufficient progress in Grateful acknowledgement is due to Kenneth Hill of 
improving health and survival. The most elementary the United States National Academy of Sciences, who 
data on mortality are missing; those data available are graciously consented to serve as scientific editor for 
not of a quantity, breadth or quality sufficient to pro- the publication on behalf of the United Nations Secre- 
vide government planners with needed information on tariat and WHO, and to UNFPA, which made possible 
the levels, trends, structure and differentials in mor- the present publication through its grant for mortality 
tality, or to provide the necessary background for ini- studies (INTl801P09). 
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OVERVIEW 

Kenneth Hill* 

More of life is generally regarded as better than less 
of life. And the overriding justification for studying 
mortality is to find ways in which it can be reduced and 
survival can be extended. Mortality risks vary among 
populations over both time and place. Crude death 
rates vary between and within countries by as much as 
a factor of five; and some mortality measures, such as 
the infant mortality rate, vary even more widely. Mor- 
tality measures have, for many countries, declined by 
at least comparable amounts since the beginning of the 
twentieth century, although the declines have been far 
from uniform. These and other trends and differentials 
in mortality are of importance because of their rele- 
vance to devising and implementing mortality-reduc- 
ing strategies. Mortality levels are also important 
because mortality, with fertility and migration, is one 
of the three components of population change, a key 
variable in much economic and social planning. 

Reliable mortality analysis depends upon reliable 
mortality data. The Meeting of the United Nations/ 
World Health Organization Working Group on Data 
Bases for Measurement of Levels, Trends and Differ- 
entials in Mortality was a significant step towards find- 
ing means to deal with this question. Part one of the 
present publication reports briefly on the background 
of the Meeting and includes the recommendations of 
the Working Group. 

The papers in the present volume are concerned 
with the measurement of mortality levels, trends and 
differentials; they cover approaches to data collection, 
evaluation and analysis. The papers in part two dis- 
cuss the various uses to which mortality data are put 
and the implications of their uses for the available 
methods of data collection and analysis. Part three 
consists of an overview of current data-collection 
methods and of their strengths and weaknesses. The 
papers in part four are concerned with the use of vital 
registration systems for the collection of mortality data 
and with the evaluation of such data. Part five contains 
discussions of sample survey approaches to mortality 
measurement at the macrolevel and covers both data 
collection and analytical procedures. The papers in 
part six consider survey approaches for more intensive 
and specialized mortality studies. 

The overall focus of this publication is undoubtedly 
on issues in mortality measurement for statistically 

*Committee on Population and Demography, United States 
National Academy of Sciences, Washington, D.C., United States of 
America. 

less developed countries. In these countries, which 
lack a long history of civil registration and censuses, 
the provision of even the most basic mortality informa- 
tion is hedged with uncertainty and therefore the issue 
of alternative approaches is most pressing. Most 
developed countries obtain basic mortality measures 
of a high degree of reliability from their civil registra- 
tion systems and censuses, and will continue to do so; 
the issues that remain concern the ways in which fully 
to exploit the data available and to conduct specialized 
surveys in the areas of epidemiological and clinical 
medical research. In developing countries, on the 
other hand, the basic collection systems are weaker, if 
not in absolute coverage then in the quality of the 
information recorded, or non-existent, and the range 
of possible approaches is thus wider. 

The papers in the present publication are briefly dis- 
cussed below, in order to guide the reader to this area 
of interest. 

A. USES OF MORTALITY DATA 

The primary consideration in the collection of mor- 
tality data is the need for such data; only what is 
needed should be collected, and all that is collected 
should be used. Chapter 111, by the present author and 
the United Nations Secretariat, provides an overview 
of the uses to which mortality information is put. The 
first category of uses, termed "descriptive" and 
"demographic", views mortality as one of the three 
components of population dynamics and centres on 
population forecasting, an essential element of socio- 
economic planning, and social description. The second 
category covers uses in the health sector; examples 
include the identification of high mortality-risk groups 
so that health services can be efficiently targeted and 
the evaluation of health services and projects. The 
third category covers uses in medical research and 
investigation. For each type of use the characteristics 
of the information required, such as accuracy, detail 
and timing, are discussed. 

Chapter IV, by Ewbank, specifically concentrates 
on the use of mortality information for assessing the 
health impact of health and general development pro- 
grammes in developing countries and on the shortcom- 
ings of the existing collection and analysis procedures 
for meeting such needs. Although the general tone of 
the paper is one of caution-that is, in some cases 
there may be no affordable way for assessing health 
impacts-the issues and approaches are clearly laid 



out and should assist in the selection of an appropriate 
assessment strategy. 

B. OVERVIEW OF APPROACHES FOR COLLECTION 
OF MORTALITY DATA 

The chapter prepared by the United Nations Secre- 
tariat, which constitutes part three of the present 
volume, provides a summary description of the char- 
acteristics, advantages and disadvantages of the vari- 
ous approaches used in the collection of mortality 
information. The approaches are divided into three 
categories: those whereby deaths are continuously 
recorded, such as civil registration systems; those 
where deaths are retrospectively reported for a past 
period, which may or may not be specifically bounded, 
such as survey questions on deaths in the preceding 12 
months or on children dead among those ever born; 
and those which infer numbers of deaths or rates of 
death from numbers of living, again either specifically 
time-bounded, such as intercensal survival methods, 
or unbounded, such as stable or quasi-stable popula- 
tion methods. The basic conclusions are that measure- 
ment approaches must be selected with reference to 
the needs and conditions of the country and that the 
three collection vehicles--civil registration, census 
and survey-must be viewed as complementary rather 
than competitive, each having its place in a fully devel- 
oped system. 

C. COLLECTION OF MORTALITY DATA THROUGH 
VITAL REGISTRATION SYSTEMS 

The most important source of information about 
mortality levels, trends and differentials has been his- 
torically and remains currently the continuous record- 
ing of deaths and their characteristics by civil 
registration. The primary purpose of such systems has 
generally been administrative, although the statistical 
by-product has become increasingly valuable with the 
recognition that provision of health services is a legiti- 
mate concern of national Governments. Moriyama, in 
chapter VI, provides a useful summary of experience 
with civil registration, beginning with a brief descrip- 
tion of the historical development of the use of such 
information for mortality estimation; and then describ- 
ing common features of existing systems, illustrating 
the uses to which the information is put, discussing the 
advantages (mainly richness of data) and disadvan- 
tages (mainly coverage limitations in developing coun- 
tries) of such systems, and suggesting approaches to 
the upgrading of defective registration systems. 

Chapter VII, by Padmanabha, discusses the experi- 
ence of India with a sample civil registration system 
introduced in the mid-1960s. He first describes the 
context, in terms of alternative sources of information, 
then turns to a detailed description of the organization 
of the system, basically a dual-based survey combin- 
ing continuous death registration with survey inter- 
viewing every six months, and then presents an 
evaluation of the results obtained using internal and 

external consistency checks. The strengths and short- 
comings of the system are objectively examined. 

In chapter VIII, Preston provides a very useful and 
compact description of the methods available for eval- 
uating the coverage of death registration, and, if neces- 
sary, adjusting for omission. The first part of the paper 
covers indirect methods, which evaluate coverage by 
appeal to independent information on population age 
distributions, beginning with those which assume that 
the population is stable, that is, characterized by con- 
stant fertility, mortality and age distribution; and pro- 
ceeding to the more recent methods, which avoid this 
assumption by substituting information on population 
change over time. The second part of the paper dis- 
cusses direct procedures for evaluation, basically 
dual-record approaches, and the relative advantages of 
the indirect and direct procedures. 

D. COLLECTION OF MORTALITY DATA THROUGH 
SAMPLE SURVEY APPROACHES 

In countries where the study of mortality on the 
basis of civil registration data is complicated by data 
deficiencies, such as omission, erroneous or inade- 
quate reporting of associated characteristics, or lack of 
adequate population denominators, sample surveys 
have been extensively used to provide macrolevel 
information on mortality levels, trends and, to some 
extent, differentials. Blacker (chapter IX) describes, 
illustrates and evaluates the use of retrospective infor- 
mation about mortality collected by single-round sam- 
ple surveys, covering the evaluation and adjustment of 
data on household deaths in a recent, defined refer- 
ence period, the use of information from mothers on 
the survival of their children, the use of information on 
survival of parents and the use of information on sur- 
vival of first spouses. While not attempting to be a 
handbook, the paper presents real examples and con- 
cludes that although the use of such approaches is not 
invariably satisfactory, it represents a cost-efficient 
way of filling a number of basic needs for mortality 
information where alternative sources are lacking. 

In chapter X, Hobcraft describes the use of mater- 
nity history data in the estimation of levels, trends and 
differentials of child mortality, using as his context the 
World Fertility Survey programme, which has greatly 
expanded the amount of such information available, 
particularly for developing countries. Estimates of lev- 
els, trends and differentials of child mortality for some 
20 countries are presented; and the basic plausibility of 
the estimates is demonstrated. The use of such data for 
the study of differentials and trends using proportional 
hazard models is particularly interesting. 

Adlakha and Nizamuddin, in chapter XI, describe 
the use of multi-purpose household surveys and multi- 
round demographic surveys in the estimation of mor- 
tality. Actual examples, three of multi-purpose sur- 
veys and three of multi-round surveys, are used to 
bring out the main features in terms of survey 
organizaton and methodology. The chapter concludes 
with a discussion of the relative merits of the two 



approaches, the decision between the two being seen 
to depend both upon what is wanted and upon what is 
feasible. 

E. DATA COLLECTION FOR INTENSIVE 
MORTALITY STUDIES 

Mortality information has uses other than the study 
of national mortality levels, trends and differentials, 
perhaps the most important of which is epidemiologi- 
cal and medical research and programme evaluation. 
For such purposes, small-scale, intensive surveys are 
frequently the only suitable data-collection vehicle. 
The work by Lynge (chapter XII), which is the only 
chapter in the volume with a direct focus on data-col- 
lection issues for mortality studies in developed coun- 
tries, describes a number of ways in which the 
information is used in the study of disease aetiology; it 
then outlines, with examples, the ways in which the 
information can be extracted from existing sources, 
such as record-linkage exercises between census and 
death registration data, or specially collected through 
such approaches as small-scale longitudinal surveys. 
The examples are exclusively drawn from studies of 
occupational risks, although the methodologies are 
applicable also to studies of other differentials. In an 
evaluation of the various approaches, Lynge draws a 
conclusion that runs like a continuing thread through- 
out this entire publication: the appropriate methodol- 
ogy depends upon the context and objectives of the 
study. She appeals for the use of collection and storage 
procedures that maximize the possibilities for combin- 
ing information from different sources. 

Puffer's contribution (chapter XIII) describes expe- 
rience in the Americas with a somewhat different 
approach to intensive mortality studies, that of using 
an existing source of data-in this case, death certifi- 
cates for young children-as the basis and supple- 
menting the information available by special collection 
procedures covering improvement of recording pro- 
cedures; visits by medically trained interviewers to 
households that have experienced child deaths in 
order to obtain further background information; and 
relevant medical or pathological information available 
from hospitals, health centres and physicians. The 

chapter continues by presenting the results of the exer- 
cise in terms of child mortality differentials according 
to a variety of characteristics for different localities. 
The differentials look, in general, much as one would 
expect, although the lack of rigorous testing for omis- 
sion raises questions about the reliability of their mag- 
nitude. 

The final chapter, by D'Souza, describes the back- 
ground and history of, and some findings from, the 
pioneer Cholera Research Laboratory (now the Inter- 
national Centre for Diarrhoeal Disease Research) in 
Matlab Thana, Bangladesh, as well as from the more 
recent, and somewhat less intensive, Companiganj 
Health Project. The Matlab Project, combining inten- 
sive registration efforts with periodic censuses for a 
population of around 200,000, has provided both an 
abundance of mortality information useful for the 
study of disease aetiology and a ready-made setting for 
treatment trials. This chapter brings out the uses to 
which the mortality information has been put and also 
describes some of the bottle-necks experienced. 

The recommendations of the Working Group, given 
in the report of the Meeting (see part one), strongly 
endorse the upgrading of civil registration systems 
where they are inadequate. The papers themselves, on 
the other hand, take a more balanced view of the com- 
plementarity of the different approaches and of the 
importance of civil registration as only one element of 
a thorough system for collecting information on mor- 
tality and of the need to improve all the elements in the 
development of such a system. 

The present publication presents accounts of a wide 
range of approaches to mortality measurement and the 
results obtained from them, covering the provision of 
information for all the uses envisioned. It does not, 
however, present accounts of how to carry out a field 
exercise or how in detail to analyse a body of data. For 
such purposes, the reader is referred to the relevant 
technical manuals published by the United Nations. It 
is hoped, however, that the papers included here will 
be helpful in clarifying the issues and options involved 
in mortality measurement. 





Part One 

REPORT ON THE MEETING OF THE WORKING GROUP ON 
DATA BASES FOR MEASUREMENT OF LEVELS, 
TRENDS AND DIFFERENTIALS IN MORTALITY 





INTRODUCTION 

A. BACKGROUND AND PURPOSE 

As part of the joint programme of the United 
Nations Secretariat and the World Health Organiza- 
tion (WHO), the Meeting of the Working Group on 
Data Bases for Measurement of Levels, Trends and 
Differentials in Mortality was convened at Bangkok, 
Thailand, from 20 to 23 October 1981, with the finan- 
cial support of the United Nations Fund for Population 
Activities (UNFPA). The objective of the interregional 
meeting was to discuss experiences by various govern- 
ment bodies and national institutions in the collection, 
analysis and use of mortality data relevant to the set- 
ting of policies in the health and development sectors 
of their countries. The meeting was endorsed by the 
Population Commission at its twenty-first session, 
held from 26 January to 4 February 198 1. ' 

The participants included 22 scholars with expertise 
in mortality measurement and the setting of health pol- 
icy, representatives of the Secretary-General of the 
United Nations and of the Director-General of WHO; 
representatives of Secretariat units, regional commis- 
sions, United Nations bodies and specialized agencies; 
and staff of the Population Division of the Department 
of International Economic and Social Affairs of the 
United Nations and of the WHO Secretariat. 

The following persons, who were invited in a per- 
sonal capacity, served as members of the Working 
Group: John G. C. Blacker (United Kingdom); Stan 
D'Souza (India); Douglas C. Ewbank (United States of 
America); John Hobcraft (United Kingdom); Antoine 
Houehougbe (Institut de formation et de recherche 
demographiques); Kwok Kwan Kit (Malaysia); 
Elsebeth Lynge (Denmark); Khin Maung Lwin 
(WHO); Bothina Mahmoud el Deeb (Egypt); Anthony 
S. K. Mak (Hong Kong); Luis Masse (France); 
Teodora Morales de Diaz (Peru); Iwao M. Moriyama 
(United States of America); M. Nizamuddin (India); 
Leopoldo Nubez Fernandez (Mexico); P. Padmanabha 
(India); Samuel H. Preston (United States of Amer- 
ica); Ruth R. Puffer (United States of America); 
Santhat Sermsri (Thailand); Siva Subramaniam (Sri 
Lanka); Ken Williams (United Kingdom); Fatu 
Yumkella (Sierra Leone). Mr. Preston served as Rap- 
porteur for the Working Group. 

LCon Tabah, Director of the Population Division, 
represented the Secretary-General of the United 
Nations at the Meeting. Kazeo Uemura, Director, 
Division of Health Statistics, represented the Director- 
General of WHO. Messrs. Tabah and Uemura served 
as Co-Chairmen . 

Zulma Recchini de Lattes, Chief, Population Trends 
and Structure Section, Population Division; and Larry 

Heligman, Population Affairs Officer of that section, 
served as Technical Secretaries from the United 
Nations Secretariat. Harald Hansluwka, Chief, Global 
Epidemiological Surveillance and Health Situation 
Assessment; and Kyo Handa, Statistician, served as 
Technical Secretaries from the WHO Secretariat. 
Rose Kian, Population Trends and Structure Section, 
Population Division, served as Working Group Co- 
ordinator. 

The Statistical Office of the United Nations was rep- 
resented by William Seltzer, Chief, Demographic and 
Social Statistics Branch. 

The United Nations Fund for Population Activities 
was represented by K. V. R. Moorthy. 

Michael N. Azefor represented the Economic Com- 
mission for Africa (ECA); Boonlert Leoprapai and 
Abdus Samad represented the Economic and Social 
Commission for Asia and the Pacific (ESCAP). 

The International Labour Organisation (ILO) was 
represented by M. T. R. Sarma; and the United 
Nations Educational, Scientific and Cultural Organiza- 
tion (UNESCO) was represented by G. Carceles. 

The Meeting was opened by Mr. Tabah, on behalf of 
the Secretary-General of the United Nations; by Mr. 
Uemura, on behalf of the Director-General of WHO; 
and by Mr. Princy H. Siriwardene, Deputy Executive 
Secretary of ESCAP. They welcomed the experts and 
thanked them for their assistance to the United 
NationsJWHO joint work programme in the field of 
mortality studies. 

B . ORGANIZATION OF THE WORK 
The provisional agenda was adopted, and the items 

considered by the Working Group were: 
Use of mortality data for health and devhpment 

programmes; 
Approaches for collection of mortality data; 
Use of continuous registration systems; 
Collection of mortality data through multi-purpose 

surveys ; 
Birth or death records as a sampling frame for stud- 

ies of mortality; 
Special data-collection systems for studying health 

processes. 
Papers covering the various topics had been pre- 

pared by the members of the Working Group and were 
presented at the Meeting.' 

NOTES 
'OSJicial Records of the Economic and Social Council, 1981, Sup- 

plement No. 3(E11981/13), para. 162. 
2 ~ o r  list of documents, see annex to this report. 



I. DISCUSSION OF AGENDA TOPICS 

The participants at the Meeting discussed the useful- 
ness of mortality data and took note of its value as a 
measure of the quality of life and its necessity for eval- 
uation of the impact of governmental and non-govern- 
mental interventions in the health and development 
sectors of the society. The type of data, the extent of 
data and the quality of data needed depended upon the 
way in which the data were to be used: when a data- 
collection activity was being considered, attention 
must be paid to its ultimate purpose. Use, however, 
should not be considered in its narrow sense in relation 
to a given specific project. It might very well be that, 
through discussion with other agencies and offices, the 
data could have a broader use, costs could be shared 
and benefits could be more than proportionally 
increased. In the same way, prior to initiation of a 
data-collection activity, researchers should investigate 
what data might have been collected in the preceding 
periods or should ascertain the existence of currently 
ongoing data-collection systems. Through innovative 
methods of data exploration, evaluation and adjust- 
ment, existing data sets, even if deficient, might find 
new uses. 

The participants considered that methods of data 
collection could be subdivided into several categories: 
vital registration systems; ad hoe or continuous sur- 
veys; special questions in quinquennial or decennial 

censuses; or special and intensive mortalitythealth 
studies. They then discussed those various procedures 
and took note of the advantages and disadvantages of 
each in terms of cost, ease of collection, quality of 
results, type of data acquired, analysis possibilities 
and methods of evaluation. 

A general conclusion of the participants was that for 
the determination of long-term mortality trends for 
subnational areas, special population groups or special 
agelsex combinations, a vital registration was of para- 
mount importance and that all countries should be 
encouraged to initiate such a system or to enhance 
their current systems. In the meantime, however, a 
system of regular surveys was necessary. Even with 
the existence of a strong registration system, regular 
surveys might still be necessary for the study of the 
correlates of mortality and health trends and the effl- 
cient setting of health policies. For evaluation of the 
effect of health policies or specific intervention pro- 
grammes, some types of intensive surveys in small 
areas were recommended. 

In general, the Working Group believed that the 
appropriate data-collection system depended upon the 
needs and resources of the country and that each 
country should carefully evaluate its needs and 
resources before it embarked on a data-collection pro- 
cedure. 



11. RECOMMENDATIONS 

Reliable and timely mortality data serve many pur- 
poses in national planning: identification of a 
population's demographic circumstances; delineation 
of major health problems; identification of associa- 
tions between diseases and underlying factors; and 
provision of the opportunity for demonstrating 
impacts of health and development programmes on 
mortality. Many types of data-collection systems exist 
for generating mortality information. These systems 
include civil registration, sample vital registration, 
censuses, multi-round surveys and single-round sur- 
veys. There are many possibilities for building on or 
combining these systems for more intensive investiga- 
tions of mortality differentials and determinants. 
Which set of approaches is adopted in a particular 
country will depend upon its needs and pre-existing 
capabilities. Nevertheless, accumulated evidence on 
the performance of different systems makes it possible 
to draw certain lessons. The following recommenda- 
tions, based on these lessons, were made by the Work- 
ing Group. 

A. CIVIL REGISTRATION 

With respect to civil registration, the Working 
Group recommended that: 

1. Countries lacking adequate civil registration 
systems should: 

(a) Strengthen such systems with the aim of achiev- 
ing complete and timely registration of deaths by age, 
sex, cause and region. Such data are indispensable for 
an accurate understanding of national health problems 
and achievements. The Working Group recommended 
the goal of achieving "birth and death registration for 
all by the year 2000". Progress towards this goal may, 
for example, be advanced by constituting a "civil 
registration area" within which the registration reach- 
es a prescribed minimum level of completeness. If ini- 
tiated, a registration area should tabulate deaths by 
place of normal residence of the decedent; 

(b) Consider formulation of an intermediate system 
that would provide nationally representative and con- 
tinuous mortality data. An example of such a system is 
the Sample Registration System of India. Another pos- 
sibility is a geographically stratified sample of areas in 
which more or less complete civil registration is 
attained. These systems are not substitutes for com- 
plete national-level civil registration but they do con- 
stitute an interim strategy until complete registration is 
achieved; 

(c) Consider adoption of an active system of regis- 
tration in which influential village heads or persons 
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associated with health services, local governments or 
religious institutions would act to supplement registra- 
tion by relatives of the decedent; 

2. Countries should periodically evaluate the prod- 
ucts of their civil registration system for completeness 
and accuracy ; 

3. Countries should make full use of interna- 
tionally recommended definitions of a live birth and of 
death, as well as of internationally recommended clas- 
sifications of causes of death, age groups and other rel- 
evant variables. These standards help to ensure 
comparability of results both within countries and 
among countries. The United Nations and the World 
Health Organization should disseminate appropriate 
guidelines as widely as possible and should attempt, in 
particular, to encourage their use in medical and public 
health cumcula; 

4. There should be recognition of the need to 
establish adminstrative systems that would provide a 
regular and continuous flow of basic data on births, 
deaths and causes of death as part of the routine 
reporting structures within the department concerned. 
The scope and content of such reporting systems 
would be dependent upon available levels of financing, 
personnel and current needs of data; but every effort 
should be made towards establishing such regular sys- 
tems of reporting; 

5 .  Beginning with the sixth revision of the Interna- 
tional Classification of Diseases, Injuries, and Causes 
of Death, there has been an increasing emphasis on the 
morbidity aspects of the classification. In the ninth 
revision, the International Classification was addi- 
tionally oriented towards uses for medical delivery 
systems. However, because a majority of deaths are 
not medically certified in many developing countries, 
it is necessary to develop and test alternative systems 
of collection and classification. Therefore, the Work- 
ing Group recommended that additional studies should 
be undertaken on ways and means of obtaining cause- 
of-death information from lay informants and on 
providing a suitable classification of cause of death for 
the developing countries, using, as far as possible, the 
International Classification of Diseases as a base. A 
system in which lay informants report cause of death 
should be considered for adoption where a large pro- 
portion of deaths are not medically attended; 

6. Complete civil registration necessarily entails 
complete registration of births. In turn, complete birth 
registration facilitates the measurement and analysis 
of infant and child mortality. When registration is 
incomplete, countries should consider recording infor- 
mation on the registration form on the order of the 



births together with information on the mother's age 
and the number of the mother's previous children who 
are still living and the number who have died. This 
information may permit the indirect estimation of 
infant and child mortality. 

B. CENSUSES AND SURVEYS 

The Working Group made the following recommeq- 
dations concerning censuses and surveys: 

1. Populatian censuses provide important infonl.*- 
tion for morta, .ty measures and analysis. They provide 
the essential denominators for most mortality meas- 
ures and permit distinctions in those measures by 
region and by major socio-economic and demographic 
groups. Where registration is incomplete, regular cen- 
suses should be undertaken to provide important infor- 
mation on adult mortality levels through intercensal 
comparisons of population change. Such censuses 
should also be used to provide opportunities for the 
evaluation of registration completeness; 

2. Countries should take note of the successes in 
mortality estimation achieved through questions on 
the survivorship of relatives, particularly in the area of 
child mortality. These questions have vastly improved 
knowledge of mortality levels and differentials in many 
countries; and they should be considered for inclusion 
in all censuses and surveys with a mortality compo- 
nent, whether the survey is single-round or multi- 
round; 

3. Many types of mortality-oriented surveys or 
survey topics could be usefully included within the 
context of national survey programmes, for example, 
those which are part of the National Household Sur- 
vey Capability Programme. Such an integrated 
approach was seen not only as being cost-effective but 
as contributing to the analysis of mortality in relation 
to its socio-economic and health context. 

C. OTHER DATA NEEDS 

With respect to other data needs, the Working 
Group recommended that: 

1. In certain intensive mortality investigations and 
surveys, recent deaths should be followed up by suita- 
bly trained interviewers who would visit the family 
and obtain information concerning the fatal illness (or 
injury) and the medical attention received. If a record 
was available in a hospital or health centre, the infor- 
mation should be utilized to assist in the assignment of 
the underlying cause of death. This method of medical 
interviewing has been found to be successful in 
improving cause-of-death assignments and thus in 
identifying disease patterns. At the same time, this fol- 
low-back approach could also be used to provide bet- 
ter information on determinants of mortality, provided 
it was accompanied by a survey of the living popula- 
tion at risk; 

2. In view of the complexity of mortality and mor- 

bidity processes, small-area intensive studies of those 
processes in developing countries should be expanded 
in size and scope. A great deal of the existing know- 
ledge about the biological processes and their social 
correlates leading to disease, death or recovery is 
derived from such projects, for example, those of the 
International Centre for Diarrhoea1 Disease Research 
(Bangladesh) and the Institute for Nutrition in Central 
America and Panama. These projects deserve con- 
tinued support and additional projects of this nature 
should be initiated because of the variety of disease 
patterns and social circumstances in developing coun- 
tries; 

3. In view of the critical importance of low birth 
weight and prematurity in neonatal mortality, coun- 
tries should attempt to record information on birth 
weight, to tabulate birth-weight distributions; and, 
where possible, to calculate mortality rates by birth 
weight. Such activities might well begin in hospitals. 
However, because of the importance of low birth 
weights in rural areas, midwives and village workers 
should also be encouraged to weigh babies soon after 
birth, and scales should be made available for this pur- 
pose; 

4. Greater emphasis should be given to the need 
for community participation in data-collection systems 
both in mobilizing public interest and in the use of 
community workers, institutions, elders etc., as par- 
ticipants in the collection of mortality data. At the 
international level, a review should be undertaken to 
synthesize experience both in this area of community 
participation and in lay reporting. 

The Working Group made the following recommen- 
dations concerning research strategies: 

1.  Special investigations of infant and child aor-  
tality should be undertaken in every country where the 
levels of such mortality are considered excessive or 
problematical. These investigations should include the 
determination of the underlying causes of death; and, 
where possible, the associated causes, such as short 
gestation period, low birth weight and nutritional defi- 
ciencies. They should also include an analysis of the 
major socio-economic differentials in mortality and an 
examination of the impacts of environmental factors 
and health care availability. The importance of person- 
al health practices, such as breast-feeding, care of sick 
children, immunization and personal sanitation, 
should also be investigated. Such investigations pro- 
vide the data base necessary for effective policy for- 
mulation and implementation; 

2. The shortage of reliable information on mor- 
tality levels, trends and differentials for adults was 
particularly acute in developing countries. Because 
the death of an adult usually has very serious eco- 
nomic and social consequences, major efforts should 
be undertaken for collection and analysis of data on 
adult mortality, using a wide range of approaches and 



procedures and expanding this range where possible 
by extension of analytical techniques; 

3. Many disciplines contribute to the study of mor- 
tality, and the Working Group stressed the advantages 
of combining several approaches. In particular, ways 
should be sought to combine the typical concerns, data 
and procedures of epidemiology with those of demog- 
raphy. Institutional arrangements for encouraging col- 
laboration of epidemiologists and demographers 
should be encouraged. Furthermore, training pro- 
grammes that combine major elements of the two 
approaches should be fortified or initiated. 

E. DATA MANAGEMENT 

With respect to data management, the Working 
Group recommended that: 

1. In conducting mortality data initiatives, 
research organizations should from the outset have a 
clear and feasible plan for data processing, tabulation 
and analysis. Although there is a great need for addi- 
tional mortality data and research, no increment in 
knowledge will result from activities that never get 
beyond the data-collection stage. It is quite common to 
find unprocessed or unanalysed data. National Gov- 
ernments, international organizations and funding 
agencies should support the mobilization of these 
resources in view of the cost-effectiveness of incre- 
mental expenditures. It is also important that ample 
support should be given to developing data-processing 
and analytical capabilities within developing coun- 
tries; 

2. Statistics resulting from mortality investigations 
should be placed in archives and ultimately should be 
made available to any interested user, since it is not 
possible to anticipate all potentially valuable uses of 
the statistics at the time they are produced. The archi- 
val and public nature of civil registration statistics is 
one of their intrinsic advantages. Investigators, organi- 
zations and countries should also consider the scien- 
tific advantages of making accessible the basic 
microlevel records within the constraints of national 
laws pertaining to the confidentiality of certain infor- 
mation. 

F. ROLE OF INTERNATIONAL ORGANIZATIONS 
AND FUNDING AGENCIES 

As concerns the role of international organizations 
and funding agencies, the Working Group recom- 
mended that: 

1. The study of fertility and related topics, includ- 
ing infant child mortality, has been greatly advanced 

through the World Fertility Survey. However, no 
comparable internationally organized activity has been 
tailored specifically to the requirements of mortality 
studies. International organizations and non-govern- 
mental organizations should consider ways of serving 
as visible and effective focal points for assistance to 
countries that wish to improve their mortality data. 
Efforts should be made to develop and document a 
variety of approaches to meet the needs of individual 
countries. The activities that need expansion relate 
both to the collection and cumulation of national expe- 
rience with mortality studies and to the development, 
testing and evaluation of new data instruments and 
their accompanying technical documentation; 

2. Studies of determinants of mortality are of 
extreme importance for policy formulation on health. 
International organizations should assist and co-oper- 
ate with national Governments to undertake such stud- 
ies. Because of the diversity of data, environments and 
cultural and social situations, the studies themselves 
are best organized on a national level. However, the 
international organizations could play a pivotal role by 
responding to national requests for assistance, by fos- 
tering studies based on common protocols and by 
ensuring that experiences in mortality studies shall be 
widely shared. In their role as international organiza- 
tions, the United Nations and the World Health Or- 
ganization are in a unique position to integrate these 
studies into a comparative framework; 

3.  A review of the current state of knowledge of 
mortality in the developing countries caused great con- 
cern about the almost total absence of even the most 
basic mortality data in most countries of Africa and in 
many parts of Asia and Latin America. Even where 
data are more abundant, they are usually inadequate 
or improperly analysed for health and development 
planning. There is concern also about the lack of 
national and international resources to stimulate mor- 
tality data and research in developing countries. An 
expanded national and international effort should be 
made to promote studies on health and mortality in 
order to provide appropriate and reliable data for 
socio-economic and health planning and for reducing 
the current high levels of mortality in these countries. 
Donor agencies have a critical role to play in advanc- 
ing the state of mortality knowledge and in putting that 
knowledge to work in improving health conditions. 
The Working Group stated in the strongest possible 
terms its belief that donor agencies concerned with 
advancing human welfare should expand sharply their 
support for programmes of mortality data collection 
and analysis and for implementation of the results of 
these programmes. 
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111. USES OF MORTALITY DATA FOR PLANNING AND RESEARCH* 

Kenneth Hill* * and the United Nations Secretariat* * * 

The discussion of different approaches to the collec- below the national level. Population forecasting is 
tion of mortality data needs to be conducted within the essential for all long-term planning, and for much 
context of the uses to which such data can or will be short-term and medium-term planning as well. In the 
put. The various available approaches to collection education sector, the size, distribution and structure of 
produce data with distinctive characteristics in terms the school-age population is an essential prerequisite 
of accuracy, detail (geographical, socio-economic, of orderly planning for the provision of services, and 
cause-of-death), the delay before results become avail- the school-age population will be determined by the 
able and the period to which the measures of mortality future stream of births attenuated by child deaths. 
obtained refer. Similarly, the uses of mortality infor- Development of the transport sector will also depend 
mation attach different levels of importance to these in part upon population growth, distribution and struc- 
characteristics. For some purposes, high accuracy is ture, although economic factors will also be important. 
not the first essential, but speedy availability may be; Agricultural development, in particular the mix 
whereas for other purposes, a combination of high between products for domestic consumption and those 
accuracy and extensive detail may outweigh speed of for exportation, requires that likely population 
availability. The clear conclusion to be drawn is that changes be taken into account. Development of the 
no one method of data collection is to be preferred to modern sector requires a consideration of population 
all others. The approach to select for a particular study factors, both from the point of view of demand for its 
will depend upon the objectives of the study; and the products and from that of supply of labour, dependent 
objectives should therefore be carefully defined in upon changes in the economically active population. 
advance. The objectives must also be feasible, given The provision of public health infrastructure, such as 
the available statistical infrastructure. This chapter, water-supply and sewage disposal, also needs to be 
and to some extent that by Ewbank' which follows it, planned in the light of realistic projections of future 
set the context for the remaining papers on different demand, an important element of which will be deter- 
collection procedures by discussing the various uses to mined by population changes. It can thus be seen that 
which mortality information is put and the characteris- mortality information, as an essential component of 
tics of the categories: those of a general descriptive or population forecasts, is an important element in prac- 
demographic nature, usually the responsibility of tically all planning exercises. 
national statistical offices; those related to health sec- The information required is simply current levels 
tor development, usually the responsibility of minis- and likely future trends in mortality rates specific by 
tries of health; and those of an epidemiological or age group and sex for population subgroups of inter- 
medical perspective, usually the responsibility of est. 
research organizations. 

Social description 
A. GENERAL DESCR1mlVE AND Mortality levels are correctly regarded as indicators 

of the general welfare of a national population and its 
Population forecasting subgroups (they are clearly indicators of the quantity 

Mortality is one of the three factors, the others being of life and, through links between morbidity and mor- 
fertility and migration, that determine changes in pop- tality, a l s ~  reflect the quality of life within quantity). 
ulation size, distribution and structure. For most coun- Summary measures of mortality conditions, such as 
tries, mortality is the second most important factor life expectancy at birth or the infant mortality rate, are 
after fertility in determining such changes at the routinely included in indices of the quality of life- 
national level, although migration becomes indices that are useful for charting SOC~O-economic 
increasingly important as disaggregation proceeds development, for identifying population subgroups in 

need and for making international comparisons. Deep- 
*The original version of this chapter appeared as part of document er analysis of conditions of different social groups 

IESA/P/AC.l7/4. requires more detailed measures, such as specific mor- 
**Committee on Population and Demography, United States tality rates by age and sex (which permit the study of 

National Academy of Sciences, Washington, D.C., United States of groups at different stages of the life cycle or of differ- America. 
***Population Division and Statistical Office of the Department of ent coho* and sOciO-ecOnOmic 

International Economic and Social Affairs. groups. 
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B. HEALTH SECTOR USES 

Planning und development 

The sector in which mortality information is most 
directly valuable is that of health, and the data require- 
ments are more extensive. It should first be noted that 
for the health sector, mortality information is generally 
used as a surrogate for measures of morbidity, which 
more accurately reflect health status but which are 
also hard to collect and harder to interpret. A compari- 
son of mortality rates from different diseases without 
allowance for different case-fatality ratios may distort 
the perception of the relative health risks of the dis- 
eases, although overall mortality rates probably reflect 
the health status of different population subgroups 
adequately. Thus, the first use of mortality informa- 
tion in the health sector is to identify high-mortality 
areas and high-risk groups within areas, so that health 
sector resources can be directed where they are 
needed and are likely to have most effect. This use 
requires only fairly simple mortality information, such 
as mortality rates specific by sex and age group for 
fairly large population subgroups, for a fairly recent 
period (since mortality differentials change only slow- 
ly over time, the obtaining of current estimates is not a 
major consideration) and of moderate accuracy, 
because the differentials of importance will be large. 

More detailed information can further improve the 
efficiency of resource allocation in the health sector, 
particularly concerning causes of death. Information 
on deaths by cause for major regions can be used, pre- 
ferably in combination with some idea of the case- 
fatality ratios involved, to determine the type of health 
services that will produce the maximum benefit. It 
may be noticed that whereas all the other uses so far 
discussed have required mortality rates, that is, not 
only information on deaths but information on the pop- 
ulation exposed to risk, the structure of deaths by 
cause, without further age detail or information on 
exposure, may be sufficient for some planning pur- 
poses. 

Evalucition of health services and programmes 

This use of mortality information, extensively dis- 
cussed by Ewbank,* is based on the idea that the 
efficacy of general health services and of specific 
health programmes can be evaluated in terms of 
observed changes in mortality. It is generally difficult 
to establish the success of general health surveys in 
reducing mortality by comparing rates of change with 
those for an earlier period or those for a country at a 
similar stage of development because of the usually 
unknown role of factors other than the health services 
themselves. The case may be somewhat strengthened 
by introducing more detail into the comparison, such 
as disaggregation by area and the demonstration that 
mortality rates in the areas in which services were con- 
centrated fell faster than elsewhere, or disaggregation 
by cause and the demonstration that change in cause- 

specific rates followed service priorities. Thus, the 
mortality information needed for the evaluation of gen- 
eral health services should be disaggregated by pop-  
lation subgroups and preferably by cause of death; 
should refer to a recent period, with a suitable earlier 
period available for comparison; and should be of high 
accuracy, because the important feature is change 
rather than level. Even with such data available, the 
evaluation may be less than conclusive. 

For the evaluation of specific health programmes, 
the problems are somewhat less acute, since such pro- 
grammes generally focus on particular disease groups. 
In either case, mortality changes in the target areas or 
cause groups can be compared with those observed 
elsewhere or in other cause groups, and marked dif- 
ferences can be attributed to the programme. Mor- 
tality information is thus required for one point in time 
before the programme gets under way and for another 
point in time sufficiently later for the programme to 
have had a measurable effect. The data required are of 
some detail, perhaps age-specific and sex-specific 
mortality rates for target and control areas that are 
similar socio-economically and ecologically with simi- 
lar cause-of-death structures. The data should be of 
considerable accuracy, since once again it is relative 
changes that are of importance. 

It is clear from the foregoing discussion that the 
evaluation of health services or programmes requires 
much more in terms of timing and accuracy of mor- 
tality data than do the other uses discussed so far. 
However, for evaluating specific programmes, na- 
tional representativeness is not required. 

C. USES FOR EPIDEMIOLOGICAL AND MEDICAL 
RESEARCH AND INVESTIGATION 

Epidemiological studies 

Prevention is generally cheaper and less painful than 
cure, and advances in disease prevention are most 
likely to come about through a better understanding of 
disease aetiology. Epidemiology uses observed mor- 
tality differentials to suggest links between risk factors 
and diseases, and to indicate the magnitude of the 
risks. The chapter by Lynge3 discusses a number of 
approaches to the collection of mortality information 
for the examination of occupational risks. To be useful 
for such a purpose, the mortality information should 
be sufficiently disaggregated to identify particular risk 
groups, be they by occupation, place of residence, per- 
sonal habits, diet or whatever; and detailed disag- 
gregation by cause is required. 

Evaluation of medical procedures 

New medical procedures, both preventive, such as 
innoculations or prophylactics, or curative, such as 
antibiotics or treatment regimens, require testing for 
efficacy and side-effects before their widespread adop- 



tion, and mortality information represents an impor- CONCLUSION 
tant element in both tests. It is not, of course, the only 
element; in testing a new type of vaccine, for example, 
the effect on incidence of the disease would be of pri- 
mary importance, but the effect on case-fatality ratios 
would also need to be examined. Such evaluation stud- 
ies require careful design, generally of a follow-up 
case-control type; and general mortality statistics are 
of little use. D'Souza4 describes the work of this type 
carried out in Matlab Thana, Bangladesh, by the Inter- 
national Centre for Diarrhoea1 Disease Research; and 
Ewbank' also refers to similar studies. The mortality 
information required for such evaluations should be 
highly detailed by age, sex and cause, and of high 
accuracy; it must refer precisely to the test and control 
populations and to a specified period from the begin- 
ning of the trial to its completion or until loss from 
observation. The overall population involved has to be 
fairly small, given the intensive surveillance required; 
and it does not have to be nationally representative. 
The allocation of population to test and control groups 
should be random, rather than on the basis of volun- 
teers, and should preferably be blind. In conclusion, it 
should be emphasized that evaluations of this type 
must be regarded as special exercises rather than as a 
regular part of procedures for the national collection of 
mortality data. 

The major uses of mortality information in national 
planning, health sector planning and epidemiological 
and medical research have been outlined. The various 
uses have different requirements in terms of detail, 
accuracy and time reference; and these requirements 
should be taken into account in considering the merits 
of the various approaches to the collection of mortality 
data. In some cases, the requirements are so stringent 
that they are simply beyond the reach of the existing 
statistical system, and concentration on that which is 
feasible rather than on that which is desirable is to be 
recommended. 

'Douglas C. Ewbank, "Uses of mortality data for evaluating the 
success of specific health and development programmes", chapter 
IV of the present volume. 

Z~bid. 
3~lsebeth Lynge, "Experiences in estimating differentials in mor- 

tality in developed countries-achievements and shortcomings of 
the various approaches", chapter XI1 of the present volume. 

4 ~ t a n  D'Souza, "Small-area intensive studies for understanding 
mortality and morbidity processes: two models from Bangladesh- 
the Matlab Project and the Companiganj Health Project", chapter 
XIV of the present volume. 

'D. C. Ewbank, op. cit. 



IV. USES OF MORTALITY DATA FOR EVALUATING THE SUCCESS 
OF SPECIFIC HEALTH AND DEVELOPMENT PROGRAMMES * 

Douglas C. Ewbank * * 

The goal of health and development programmes is Section E reviews the advantages and disadvantages 
improvement of the health and well-being of a popula- for different purposes of different study methodologies 
tion, and one measure of their success is changes in and some examples of evaluations are discussed in 
mortality. Evaluation of programmes that affect mor- section F. Issues of sampling are discussed in the 
tality (by design or otherwise) should therefore take annex. 
into account changes in mortality. An evaluation must The discussion is limited to issues relevant to health 
include two components: measurement of the change; and development planning in developing countries. 
and a test for a causal relationship between the change ~ l t h ~ ~ ~ h  comparisons of the costs and benefits of 
and the programme. These components will draw on health interventions in developed countries are of 
techniques from both demography and epidemiology. increasing importance in a period of escalating costs 
Demographers tend to study the overall level and pat- and diminishing marginal benefits, the evaluation 
tern of mortality, while epidemiologists generally strategies in developed and developing countries are 
study case-fatality rates and mortality from specific sufficiently different to require separate treatment. 
diseases. Between these two disciplines lies the study 
of refined measures of mortality for selected groups 
that may have been affected by a specific programme. A. ROLE OF NATIONAL MORTALITY DATA 

Evaluation studies must be designed specifically for FOR EVALUATION 
the purpose of testing for a causal relationship 
between a programme and any observed change in Few programme evaluations in developing countries 
mortality. The test of causation should consider four have been based on national data even though their 
factors. First, did the observed mortality change, results are frequently used for national planning. 
whether absolute or in relation to existing trends, There are several reasons for this situation. First, 
occur after the programme had begun and when its national data are rarely accurate enough or available at 
impact was expected? Secondly, was the mortality intervals that are short enough to catch the impact of a 
change observed for various causes of death consis- specific programme. Apart from a few countries in 
tent with the expected impact of the programme? Asia and Latin America, mortality estimates in devel- 
Thirdly, was the mortality change observed only oping countries are generally based on data from peri- 
among, or more pronounced for, population subgroups odic censuses or sample surveys. Secondly, it is 
served by the programme? Fourthly, were there other difficult to design research on national data because of 
changes (e.g., economic) closely related to the mar- the unavailability of control areas. Although national 
tality change and therefore likely alternative contribut- programmes are frequently introduced gradually on a 
ing causes? An evaluation must also be designed in regional basis, the differences between areas and the 
such a way that programme impact can be compared problem of the frequency of data availability reduce 
with stated programme goals and with the impact of the opportunities for controlling for exogenous 
other programmes. This comparison may have to be changes. Thirdly, there are such a large number of 
based on different indices of mortality change than changes that might affect mortality rates at the 
those used in the test of causation. Section A of this national level that it is often impossible to single out 
chapter discusses the role of national data for evalua- the effects of a given programme. Lastly, many proj- 
tion studies. Sections B and C discuss the specification ects have only a localized impact, either because of 
of expected programme impact and measurement of limited geographical scope of the programme or 
actual impact relevant to establishing a link between a because of variations between areas in the severity of 
programme and subsequent events. Section D consid- the health problems to which the programme is 
ers the special problems associated with assessing the directed. 
health impact of general development programmes. Although national mortality data are rarely useful 

for the evaluation of the impact of individual pro- 
grammes, they play an important role in the planning 

*The original version of this chapter appeared as document IESAI process. ~ i ~ ~ t ,  national data provide a measure of the PIAC. 17/3. 
**Department of Population Sciences, Harvard School of Public progress in the 

Health, Cambridge, Massachusetts, United States of America. level of mortality and patterns of mortality by age, sex 
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and cause revealed by national data can provide 
important clues to the health problems that must be 
attacked by health programmes. For example, high 
mortality at ages 1-4 indicates the need to improve the 
nutritional status of children. Once this need has been 
established, evaluations of programmes in small areas 
can be used to determine which approaches (e.g., 
nutrition education, nutrition surveillance, oral 
rehydration to reduce the impact of diarrhoea or agri- 
cultural programmes) are most cost-effective. Thirdly, 
planners need national data in order to determine the 
implications of small studies for national policy forma- 
tion. This information should include a comparison of 
the levels and patterns of mortality in the study area 
with similar measures for the entire country. 

The following discussion focuses on the evaluation 
of specific programmes in small areas. In some stud- 
ies, national data have been used as baseline data for 
studies in "typical" areas. In a few cases (e.g., the 
evaluation of the effect of eliminating malaria in Sri 
Lanka), it has been possible to base evaluations on 
national data. 

B . SPECIFICATION OF EXPECTED IMPACT 

The first step in the evaluation of the mortality 
impact of a programme is to determine its likely 
nature. This determination includes specification of: 
(a) the subpopulations that should be most affected 
(e.g., age and sex groups, farmers or coal-miners); (b) 
the causes of death that should change most; (c) the 
expected size of the impact; (d) the causal mechanisms 
of the changes (e.g., a change in the case-fatality rate 
or change in incidence); and (e) the expected timing of 
the impact (e.g., periodic or constant, immediate or 
delayed, continued or transitory). It is then possible to 
design an evaluation strategy that focuses on those 
measures which are most sensitive to the hypothesized 
impact. Each of these components is discussed below. 

Specijkation of target subpopulations 

For some programmes it is possible to specify which 
agelsex groups will be most affected by the pro- 
gramme. A simple example of this is a programme of 
tetanus immunization of pregnant women. (Immunity 
to tetanus is transmitted to the foetus through the pla- 
centa.) Virtually the only mortality impact of such a 
programme will be on the neonatal mortality rate at 
ages 5-15 days because the tetanus mortality rate 
amongst women of reproductive ages is quite low. 
Similarly, it is frequently possible to specify the popu- 
lation subgroups for which the impact will be largest, 
as with water-supply programmes, which will affect 
only those using the new source, and occupational 
health programmes, which will affect only those in 
specific occupation groups. 

programme can reduce mortality from pneumonia and 
malnutrition because a case of measles can seriously 
affect the overall health of a malnourished child. 
Therefore, the specification of the causes of death 
most likely to be affected by a programme must take 
into account the synergistic relationships among dis- 
eases. (Problems with the use of cause-of-death infor- 
mation in the evaluation of programme impact are 
discussed in section C.) 

Specification of likely magnitudes of effects 

The best way to estimate the likely magnitude of the 
change in mortality is to examine the mortality rates 
for those causes of death which are most likely to be 
affected. In some programmes, only a few causes will 
be affected, in which case the expected mortality 
decline would be some reasonable fraction of deaths to 
those few causes. For example, tetanus immunization 
programmes are not likely to affect any other cause of 
death because tetanus has a high case-fatality rate. A 
tetanus immunization programme can eliminate vir- 
tually all tetanus deaths; therefore, the expected pro- 
gramme impact would be equal to the tetanus 
mortality rate. However, a midwife training pro- 
gramme might be expected to reduce mortality by only 
half as much. A rough estimate of the expected magni- 
tude is generally needed for the calculation of required 
sample size (discussed in the annex). 

Specification of mechanisms for change 

Demonstration of a causal relationship between a 
programme and a change in mortality rates is strength- 
ened by specification of the mechanisms through 
which the programme affects mortality. For example, 
if the introduction of a spraying campaign to combat 
malaria is accompanied by a reduction in mortality, it 
is unlikely that the campaign was responsible for the 
reduction unless there was also a reduction in the inci- 
dence (and subsequently the measured prevalence) of 
malaria. 

Specification of timing of impact 

Timing is crucial in the establishment of causal 
links. The effect should not precede the cause, 
although it need not follow immediately. Many types 
of programmes cannot be expected to have an immedi- 
ate impact. For example, general nutritional education 
will not achieve its full impact on mortality immediate- 
ly since it does not save those who are already 
severely malnourished. The mortality impact may, 
therefore, only become apparent after several months. 
Nutrition programmes directed towards the most 
severely malnourished (e.g., rehabilitation centres) 
will have a more immediate impact. In the case of 
occupational health programmes designed to reduce 

1 contact with carcinogenic materials, there may not be 
Speci$cation of causes of death most affected any noticeable effect for decades. 

Even the simplest programmes can affect several In addition, there are differences in the length of 
causes of death. For example, a measles vaccination time for which noticeable mortality effects might be 
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observed. For example, a single round of measles 
immunization would only be expected to reduce mea- 
sles cases for a few years, until the population of sus- 
ceptible children was renewed by subsequent births. 
The impact on mortality might be observable in the 
immunized cohorts for a few more years because the 
prevention of measles in childhood may improve nutri- 
tional status and subsequent survival probabilities. 

The impact of some programmes may vary by sea- 
son. For example, immunization programmes against 
influenza and programmes to stabilize food supplies 
will have a large impact only during certain seasons. 
The mortality impact of these programmes can be 
studied, if data permit, using changes in the seasonal 
pattern of mortality rates. 

C. PROBLEMS IN MEASURING IMPACT 

Once the potential impact of a programme has been 
specified, several central issues still must be resolved 
before the evaluation strategy can be devised. One is 
the choice of the appropriate indices of mortality 
change for measuring programme impact and for com- 
paring the effects of different programmes. Many 
alternatives are available, including the crude death 
rate, the expectation of life at birth (eOa) and the per- 
son-years of life saved. The second is definition of the 
study population. Although the selection of the study 
population must be related to the target population of 
the programme, this may not provide sufficient guid- 
ance for the researcher if flows of migrants into and 
out of the area and diffusion of information spread the 
benefits to other areas. The third is the use of cause- 
specific mortality rates involving the design of meth- 
ods for collecting usable cause-of-death data at reason- 
able cost and the determination of the way in which it 
can best be used once collected. 

Indices for documentation of 
programme impact 

The indices chosen to document the impact of the 
programme should focus on the expected programme 
impact in order to strengthen the case for causality. A 
carefully chosen index can also greatly reduce the 
sample size needed to demonstrate programme 
impact. The question of required sample size is dis- 
cussed in the annex but an example is useful. In 1974, 
the infant mortality rate in the Matlab study area in 
Bangladesh was 138 per 1,000 live births and the neo- 
natal mortality rate was 78, including about 20 deaths 
per 1,000 live births due to tetanus. Evaluation of the 
impact of a programme to eliminate neonatal tetanus 
would require a sample size of 1,946 live births in both 
the test and the control areas to be 80 per cent sure of 
finding a result that was significant at the 5 per cent 
level if the true decline in the neonatal rate was 20 per 
1,000 (see equation (5) in the annex). Using the infant 
mortality rate, 3,444 live births in both the test and the 
control areas would be needed to establish such a 20- 
point drop. By focusing on the neonatal rate rather 

than the infant rate, one can thus reduce the required 
sample size for the study by a factor of almost two. 
Using a more narrowly defined age group, from 5 to 15 
days, during which 90 per cent of all neonatal tetanus 
deaths occur, a sample size of only about 700 live 
births would be required. Limiting the test of causa- 
tion to reported deaths from neonatal tetanus reduces 
the required sample size even more. Researchers 
faced with a small sample size and rare events fre- 
quently opt for the rate for the larger age group in 
order to increase the number of observed events. 
However, this procedure reduces the chance of docu- 
menting an actual impact and increases the risk of 
falsely concluding that there was an impact. 

Indices for comparison of programmes 

In the context of national policy-making, it is not 
sufficient to show that a particular programme has an 
effect on mortality; it is also necessary to make com- 
parison among programmes so as to select those best 
suited for implementation. For a comparison of pro- 
grammes that affect different age groups, it is often not 
possible to use the same indices that are optimal for 
the tests of causation. For example, a comparison of a 
programme to prevent neonatal tetanus with a tuber- 
culosis treatment programme can be made using 
change in the crude death rate or the expectation of life 
at birth, but not with changes in the death rate at 5-15 
days. 

The choice of a summary measure for comparing 
programmes is often based on tradition or on the type 
of data available. However, this choice can affect the 
ranking of programmes. For example, Chenl shows 
that a family planning programme can produce a large 
change in the crude death rate by reducing the number 
of high-risk infants and children but it is unlikely to 
have a substantial impact on life expectancy at birth. A 
similar comparison of the number of lives saved and 
the person-years of life saved shows that the latter fig- 
ures gives more weight than the former to the saving of 
infant lives, a weighting which may not be consistent 
with social costs. 

The weightings implicit in the different indices can 
be examined using life tables and stable population 
relationships. A reduction of the mortality rate at age 
x, CL, by an amount k will change life expectancy at 
birth by: 

where eO, is the expectation of life at age a ; and I ,  is the 
number of life-table survivors at exact age a .  

Similarly, the effect of this change on the person- 
years of life saved per capita is 

PYL 
d - = eoX[exp ( k k )  - I] 

POP 



where px is the proportion of the population between 
ages x - 95 and x + %. In a stable population, px is 
determined by the life table and population growth 
rate. Therefore, 

where b is the crude birth rate; and r is the stable 
growth rate. In all stable populations with positive 
growth rates, the use of equation (2) will give more 
weight to changes at the youngest ages than the use of 
equation (1)  because of the exp ( -rx)  term. 

In developing countries, the choice of the appropri- 
ate index for comparing programmes is a matter of 
serious concern because the selection of health pro- 
grammes strictly on the basis of cost-benefit consid- 
erations leads to a heavy emphasis on programmes for 
infants and young children and the relative neglect of 
adults. For most indices, the weight given to reduc- 
tions of mortality at the youngest ages is greater in 
developing countries than in developed. This factor is 
most evident for such indices as the crude death rate 
and the person-years of life saved, which depend upon 
the age distribution. The high population growth rates 
common in developing countries lead to large relative 
weights being applied to improvements at the youngest 
ages. Even the change in the expectation of life at birth 
give larger relative weights to the youngest ages in 
developing countries than in developed countries 
because the ratios Ix/1,decline more rapidly with age in 
high-mortality life tables than in low-mortality tables. 
One justification for giving relatively large weights to 
mortality changes at the youngest ages in developing 
countries is that at high levels of mortality, mortality 
declines at the youngest ages are often associated with 
improved nutritional status and the general health of 
children, with implications for general development 
and health in later adult years. 

One flaw in the use of life expectancy at birth for 
measuring programme impact is the implicit assump- 
tion that those children whose lives are saved by the 
programme this year will also benefit from the pro- 
gramme throughout the remainder of their lives. Meas- 
ures of programme impact are usually compared with 
the costs of the programme, and gains in life expectan- 
cy are not ideal for this purpose. One can utilize 
instead the person-years of life saved, using as the 
weights the values of eox in the absence of the pro- 
gramme. This use assumes that if the programme ends, 
mortality rates will return to the old level. In this way, 
the measured impact of the current year's programme 
does not include the results of next year's expendi- 
tures. 

For many programmes, the evaluation of the impact 
on mortality is only one aspect of the evaluation. In 
some cases, the impact is to be added to other meas- 
ures of impact through a calculation of the monetary 
value of the benefits. In this case, special attention can 

be given to the saving of years of working (i.e., "pro- 
ductive") years of life.' One measure of mortality 
impact that is compatible with this concept is working 
years of life saved, which is very similar to the person- 
years of life saved. The index estimates the number of 
expected years of life saved between ages 15 or 20 and 
age 65, a range taken as an approximation of the work- 
ing years. It still gives a substantial weight to the sav- 
ing of infant and child lives since survival to age 5 
virtually ensures survival to age 20. However, the 
weight given to deaths prevented at the youngest ages 
is substantially less than the weight given in the cal- 
culation of person-years of life saved. 

The concept of person-years of life saved can be 
modified to incorporate the economic concept of cur- 
rent value or social discounting, that is person-years of 
expected life saved have less value to the society 
today if the enjoyment of those years will occur in the 
future. For example, the saving of the lives of 1,000 
infants will save some expected years of life at age 1 
next year and at age 51 many years from now. The 
expected savings 50 years hence have less value to the 
society today because they will not be enjoyed for a 
long time. Therefore, less weight should be given to 
the expected years of life saved many years from now. 
This calculation would provide an index that is much 
more compatible with the economic concepts of the 
benefits of programmes. 

The person-years of expected life saved is defined as 

PYL = XeoX exp[(k, ~4;)  - 11 

where kx is now the proportional reduction of mortality 
at age x. The current value of person-years of life sav- 
ed, PVPYL, is therefore defined as 

P V p  YL = Z E . ~  exp [(k, px) - 1 1  

where q is the current value of the expected years of 
life for persons aged x. Using a standard life-table 
notation, 

where w is the oldest age in the life table. Following 
this, one can define ex as 

where r is the social rate of discount. 
The current value of expected years of life saved has 

several advantages. First, it is more consistent with 



the concepts that economists use for project evalua- 
tion. Secondly, it lessens the weight given to the sav- 
ing of lives at the youngest ages, thus perhaps better 
reflecting the priorities of many societies. This con- 
cept can easily be extended to the calculations of the 
current value of person-years of working life saved. 

A full cost-benefit analysis of health programmes 
would include the relative economic contributions of 
various age groups. With this approach, the person- 
years of life saved at each age are weighted by the dif- 
ference between economic production and consump- 
tion at that age in addition to the discounting of future 
benefits to current values. For example, the saving of 
an infant life involves increased costs to society until 
the age at which a child's economic production 
exceeds his consumption. 

The Ghana Health Assessment team developed an 
index of programme impact that combines the reduc- 
tions in morbidity with those of m~rta l i ty .~  The index 
is the number of healthy days of life that could be 
saved by eliminating a given disease. The index com- 
bines the person-years of expected Life saved and the 
person-years of illness from a given cause. For exam- 
ple, they have calculated that in Ghana, malaria is 
responsible for the largest number of healthy days of 
life lost; of these days, only 54 per cent are days of life 
lost. The second largest cause of healthy days of life 
lost is measles, for which 97 per cent of the loss is days 
of life lost. A comparison of malaria and measles in 
terms of lost person-years of expected life would 
reverse the order of importance of these diseases. 

Since the impact of a health programme on a partic- 
ular index may be affected by the age distribution of 
deaths or the population age distribution, it can be dif- 
ficult to use the results of a study in one population for 
planning in a second population. For this reason, pub- 
lished studies should include the changes in the age- 
specific and, whenever possible, the agelcause-specif- 
ic death rates so that the potential impact can be calcu- 
lated for other populations. This information would 
also be helpful in the comparison of two programmes 
first evaluated using different indices. 

Definition of the study population 

The population to be studied for an evaluation of 
programme impact can be defined either in terms of 
the programme recipients or in terms of the population 
of a geographical region covered by the programme. In 
many instances, these two populations are quite simi- 
lar, unless the population is subject to high rates of 
migration. One example is an immunization campaign 
in an urban slum with very high rates of in-migration 
and out-migration. Measuring the change in the mor- 
tality rate for the population living in the slum will cer- 
tainly understate the impact of the programme. Some 
of the children whose lives were saved will have out- 
migrated and been replaced by children who were nev- 
er immunized. Even if the analysis could remove the 
deaths and years of risk of children who entered the 
area after the immunization campaign or if the pro- 

gramme continued to immunize new migrants, the 
evaluation would still miss the impact on those who 
out-migrated. 

The definition of the population tb be studied also 
must depend upon the means for carrying out the 
study. In this regard, in-migrants and out-migrants are 
quite different. Although it might be possible to 
exclude the experience of in-migrants or to analyse 
them separately, it is very difficult to follow the pro- 
gress of those who out-migrate. Because of the prob- 
lem of following out-migrants, many evaluations miss 
some of the programme impact. If the understatement 
of programme impact is likely to be severe, it may be 
necessary to follow some or all of the out-migrants. 

The inclusion of in-migrants in an evaluation area 
presents another serious problem: specification of the 
baseline rates for in-migrants. If the in-migrants come 
from different areas or belong to different socio- 
economic groups than the stable residents, their pre- 
programme mortality rates might be substantially dif- 
ferent from those measured in a baseline survey. For 
example, the evaluation of an agricultural programme 
might be biased if baseline data are not available for 
the migrant labourers entering the area in order to ben- 
efit from the new opportunities. One way to deal with 
this problem is to use retrospective techniques for 
examining differences in pre-programme mortality 
rates for migrants and non-migrants. Although such 
techniques might not provide very accurate results, 
they may be better than any attempts to measure pro- 
spectively the rates of potential migrants. 

Advantages and disadvantages of cause-specific 
mortality rates 

In programmes that are designed to reduce the inci- 
dence or severity of a small number of diseases, the 
demonstration of a causal relationship between the 
programme input and mortality trends is strengthened 
if the target causes of death decline more than other 
causes. This approach can be very misleading, how- 
ever, if there are significant synergistic relationships 
between the target diseases and other causes of death. 
This is certainly the case with childhood mortality in 
developing countries. 

One approach to handling interactions between 
causes of death is to classify the deaths according to 
primary, associated and underlying causes. For exam- 
ple, a child death might be attributed to measles with 
malnutrition as an underlying cause. Although in theo- 
ry this helps to solve the problem, it frequently proves 
to be dificult to apply. First, when causes must be 
determined from retrospective interviews with surviv- 
ing relatives, it is difficult to establish even a primary 
cause of death. Secondly, the introduction of a chain 
of underlying causes and primary causes complicates 
the demonstration of causation. For example, a 
decline in the number of deaths due to influenza with 
malnutrition as an underlying cause could be produced 
by either a nutrition programme or the appearance of a 
less virulent strain of influenza virus. In the absence of 



information from a control area, there is no way of 
resolving the issue. 

One advantage of examining cause-specific mor- 
tality rates is that it may be possible to demonstrate 
programme success even if the all-cause mortality 
rates show little or no increase. For example, since 
maternal mortality is only a part of the mortality 
among women aged 15-45 years, a reduction of the 
maternal mortality rate might not show up clearly in 
the overall mortality trend for this age group. Exam- 
ination of causes of death could demonstrate that the 
programme actually had reduced maternal mortality. 

The problem associated with cause-of-death infor- 
mation is that it is very difficult to collect. In develop- 
ing countries, where few deaths occur in hospitals or 
under the care of a physician, cause-of-death informa- 
tion from registration data is very weak. The experi- 
ence of the Cholera Research Laboratory with a 
prospective vital event survey using physicians or spe- 
cially trained field-workers to carry out interviews of 
the family immediately after deaths has shown that 
useful cause-of-death information can be collected, at 
least for broad categories, but the cost is high and the 
detail 

D. EVALUATION OF MORTALITY IMPACT 
OF DEVELOPMENT PROGRAMME 

It is harder to evaluate the impact on mortality of 
development projects than that of health programmes, 
since they influence mortality only indirectly. It is dif- 
ficult both to specify the target population, because 
the effects of a development project may diffuse well 
beyond the project area, and to predict the nature and 
timing of any impact on mortality rates. Well-known 
examples are irrigation programmes or dam projects, 
which may raise the incomes and nutritional status of 
the local population, while altering the ecology both 
inside and outside the project area in ways that lead to 
changes in established patterns of disease incidence 
and prevalence. 

Moreover, the major mortality impact of some 
development projects, such as flood control, road- 
building, introduction of drought-resistant crops or 
provision of adequate food-storage facilities, may be 
the reduction of crisis mortality, that is, short, sharp 
increases in mortality associated with epidemics, war 
or natural disasters. The evaluation of such an impact 
raises special problems because such crises occur at 
irregular intervals, making it impossible to ensure that 
a potential crisis would occur during an evaluation 
study, and because, in general, there is no basis for 
estimating how severe a crisis would have been in the 
absence of the project. Most retrospective measure- 
ment procedures are of little use in the assessment of 
the severity of past crises, since they provide only 
averages of mortality experience over time; and even 
maternity histories, which appear to provide detailed 
child mortality sequences, tend to smooth out irreg- 
ularities as a result of reporting errors. However, the 

reduction of crisis mortality will also reduce average 
mortality, so measures of average mortality before and 
after the institution of the programme will, if they cov- 
er sufficiently long periods, indicate the general effect 
of the programme, if not its specific impact. Similarly, 
a sequence of annual mortality rates for the periods 
before and after the institution of the programme may 
demonstrate its effect if the irregularities in the 
sequence prior to the programme are much more 
marked than those of the sequence after the pro- 
gramme. 

E . SELECTION OF STUDY METHODOLOGY 

There are numerous approaches to the collection of 
data for the study of mortality, each with its own 
advantages and disadvantages in terms of cost, preci- 
sion, simplicity and ease of linkage with other records. 
These methods have been used in various combina- 
tions and in many versions. The following simple clas- 
sification of the approaches is used here: 

(a) Prospective: 
(i) National registration system, possibly on a sam- 

ple of localities; 
(ii) Vital events registration and periodic censuses in 

a special study area for research purposes; 
(b) Retrospective: 
(i) Fertility or pregnancy histories; 
(ii) Reports of deaths in the preceding year or series 

of years; 
(iii) Brass type of approaches using data on survival 

of children, parents or spouse. 
Each of these approaches can be used for the eval- 

uation of programmes, but no one approach can be 
regarded as ideal for all circumstances. The following 
sections discuss the relative advantages and disadvan- 
tages of each approach with regard to the definition of 
the population; the detail of information concerning 
age, sex and cause of death; the age range covered; the 
completeness of recording or accuracy of the informa- 
tion; the cost and the required sample size; and effi- 
ciency in assessment of crisis mortality. 

Prospective approaches 

National (sample) vital events registration 

Vital events registration involves the registration of 
demographic events at the time of or shortly following 
their occurrence. The usefulness of data on registered 
events depends upon prompt and complete tabulation, 
preferably with details on the age, sex and place of 
usual residence of the deceased, and on the cause of 
death. The calculation of mortality rates requires 
information on the population at risk, which must be 
based on a different data-collection system, usually a 
national census. Because of the difficulties in develop- 
ing effective, complete systems for collecting and tab- 
ulating vital events data, several countries have 



attempted to achieve complete registration in a 
national sample of geographical areas. 

The first problem with the use of vital registration 
data is that few developing countries have systems 
that approach complete reporting of deaths. The 
usefulness of registered deaths is severely limited if 
fewer than approximately 60 per cent of the events are 
registered. A number of techniques have been devel- 
oped for estimating the completeness of coverage of 
registered deaths by age by comparing the age dis- 
tributions of deaths with the overall population age 
di~tribution.~ However, these techniques are generally 
ineffective for the adjustment of reported child deaths 
and for such populations as those of small areas that 
experience extensive migration. The problem of com- 
pleteness is especially difficult since coverage often 
varies with age, sex, cause and area. 

A second problem with vital statistics data is the 
accuracy of reporting. For example, the reporting of 
cause of death may be poor except for those deaths 
registered by trained medical personnel, failure to 
specify the usual area of residence may make it diffi- 
cult to match reported deaths with the population at 
risk; and misreporting of characteristics can be a 
serious problem, particularly if the pattern of mis- 
reporting in the death records differs from that in the 
census data. 

Two problems specifically hamper the use of vital 
registration data for studying programme impact. 
First, it is often difficult to get tabulations of registered 
deaths and base populations for areas covered by spe- 
cial research projects. Secondly, registration data pro- 
vide little information on socio-economic variables 
and participation in a specific health programme, so 
that it is often not possible to study rates for those pop- 
ulation subgroups most likely to be affected by a given 
programme. 

Despite these problems, vital registration data can 
be useful for programme evaluation. First, registered 
deaths can often provide minimum estimates of rates 
for some age groups or causes and can indicate the 
presence of a disease as an important cause of death 
even without appropriate denominators. Secondly, 
registration data may provide the best basis for 
estimating the frequency of episodes of crisis mor- 
tality. Lastly, it may be possible in some cases to use 
local death registration files for verifying or correcting 
retrospectively reported dates of birth and death. 

Prospective vital events and population surveys 

In some cases, it is necessary to design a prospec- 
tive study of mortality in the project area to record 
deaths through periodic surveys of households. When 
the surveys are frequent enough, this becomes a vital 
events registration system with active registrars. If the 
periodic surveys are carried out by a special survey 
team, this can be an expensive approach to pro- 
gramme evaluation. The intensive surveillance of the 
population of the Matlab study area cost about one 

dollar per person per year. Although this cost is far 
less expensive per interview than that of the World 
Fertility Survey, it does involve substantial resources. 
In some community health programmes, community 
workers collect information on vital events and house- 
hold residents to ensure complete coverage of the pop- 
ulation with health services. In this case, the research 
costs are only those of extra supervision, coding and 
tabulation. This approach was used quite successfully 
in an evaluation of a community health programme in 
Haiti6 

The advantage of periodic surveys is that the data 
collected can be tailored to match the requirements of 
the evaluation. Information can be collected and tabu- 
lated on relevant socio-economic characteristics, pro- 
gramme participation, health practices and mortality 
by selected age groups. Data collection can also be 
linked with nutritional surveillance or with sample epi- 
demiological or socio-economic surveys. Although 
reporting of cause of death is still a problem, the 
reporting of causes and symptoms can be adapted to 
maximize the usefulness of the data for programme 
evaluation. Another advantage of this approach is that 
it ensures comparability of numerators and denomina- 
tors in terms of age, place of residence and other char- 
acteristics. The study population can also be defined 
so as to include or exclude various subgroups, such as 
temporary migrants. 

Successful collection of vital events information 
depends upon the quality of supervision, the abilities 
of the interviewers and the co-operation of the popula- 
tion. If complete coverage is not achieved, it is likely 
that those persons missed in the events survey were 
also missed by the health programme, leading to a bias 
in the estimated effects on the health of the entire pop- 
ulation. 

A frequent objection to this approach is that the 
sample sizes required to evaluate health programmes 
are so large that the cost of population surveillance 
methods becomes prohibitive. The annex to this chap- 
ter discusses methods for estimating the sample size 
requirements based on the size of the expected impact. 
However, it is important to take note that the cost of a 
three-year or five-year prospective study of a popula- 
tion of 10,000 is generally small, compared with the 
amount that may be spent on the basis of the pro- 
gramme evaluation. 

Retrospective approaches 

Maternity histories 

One problem with prospective reporting systems is 
that they often begin at the same time that programme 
services begin and therefore provide little or no base- 
line data. One solution to this problem is to collect 
maternity histories with dates of births and deaths (or 
age at death) for all children born to women in the pop- 
ulation. The apparent simplicity of this approach is 
misleading. Maternity histories are subject to several 



sources of error, including date and age misstatement 
and omission of children. These reporting errors can 
lead to serious distortions of levels and trends in both 
fertility and mortality rates. For example, one com- 
mon pattern of misreporting leads to a false rise in fer- 
tility during the 5-14 years preceding the survey. To 
some extent, these errors can be reduced through 
careful interviewing, extensive supervision of the 
interviewers, matching of reported events with birth 
registration documents, etc. However, the data from 
maternity histories should always be approached with 
considerable scepticism. 

In addition to the problems of reporting errors, 
maternity histories only provide useful information for 
the first 10-20 years of life and provide little useful data 
on cause of death. Although maternity histories ensure 
comparability of numerators and denominators, they 
do not always provide data for the appropriate popula- 
tion. The tabulated rates include the deaths of some 
children who died before their mothers migrated into 
the study area and exclude deaths of children whose 
mothers have since left the study area. Therefore, 
maternity histories do not provide exact historical data 
for an area that has experienced extensive migration. 
This problem can be lessened by comparing the mater- 
nity history for each woman with her migration histo- 
ry, but information on deaths of children of out- 
migrants is virtually impossible to collect. 

Reports of recent deaths 

Another approach to the collection of baseline data 
is to interview each household about deaths of family 
members during the previous one or two years. Data 
collected in this way frequently show substantial 
underreporting of deaths. The completeness of report- 
ing can be studied using the same techniques as those 
used to analyse vital registration data, although the 
results are often unsatisfactorv due to differences in 
coverage by age and the methods are no t  readily 
applicable to data for small areas affected by migra- 
tion. Reports of recent deaths are also affected by 
recent migration and by the frequent dissolution of 
households following the death of the head of house- 
hold. 

In summary, retrospective reports of recent deaths 
cannot be regarded as a suitable basis for the evalua- 
tion of health projects and are unreliable for collection 
of baseline data. Ensuring adequate coverage is almost 
impossible, and the nature of the errors limits the 
usefulness of the standard adjustment procedures. 

Information on survival of close relatives 

Survey reports of the survival of close relatives pro- 
vide indicators of the level of mortality and some 
indications of the trend in mortality if the age pattern 
of mortality is known and the trend has been long-term 
and steady. The most useful of these approaches is the 
Brass child-survival method, which involves asking 

women to report their total number of live births and 
the number of their children who have dieda7 Unlike 
maternity histories, this approach does not rely upon 
dates of birth and death for each child, only upon the 
current age of the mother; the reference period is the 
mother's lifetime. Therefore, the Brass child-survival 
method is not affected by reference period errors or 
dating problems and is less sensitive to age-misreport- 
ing. However, it is sensitive to differential under- 
reporting of deceased children, a serious problem in 
many surveys. The cost of not asking about date of 
birth and age at death for each child is that the method 
provides little information on trends and age patterns 
of mortality. Similar methods involve questions about 
the survival status of parents and first spouse which 
provide information on adult mortality. These meth- 
ods also provide little information about trends and 
age patterns of mortality. 

In summary, reports of the survival of relatives can 
provide useful baseline data, especially in situations in 
which mortality has remained relatively constant or 
changed steadily for the past 10-20 years. 

F. EXAMPLES OF EVALUATION STUDIES 

There are surprisingly few published evaluations of 
the mortality impact of programmes in developing 
countries, largely because few such studies have been 
carried out, although also because some completed 
studies have never been published in readily accessi- 
ble forms. This section reviews some important pub- 
lished evaluations, indicating ways in which the issues 
described in earlier sections have been approached, 
although without describing the individual studies in 
detail. 

The studies can be classified into three groups. The 
first group is studies of health interventions directed 
towards a particular cause of death, generally based on 
data from special study areas where data-collection 
systems have been devised to test the impact of a spe- 
cific programme. The second group covers special 
studies for evaluating the impact of integrated or gen- 
eral health programmes; these studies are few in num- 
ber, but they are important because of the current 
trend towards integration of health services. The third 
group includes some studies based on national data; 
few such studies have been made because few coun- 
tries have data of the quality required for this kind of 
evaluation, and because few health and development 
programmes can be expected to have impacts that are 
large enough and sudden enough to be observable in 
national mortality rates. A fourth kind of study is un- 
represented in the examples given below: studies of 
the mortality impact of economic development pro- 
grammes. To the present author's knowledge, there 
are no good studies of this type, although a few are 
currently under way. Also unrepresented are attempts 
to measure the impact on mortality of general develop- 
ment using indicators such as per capita income; such 
attempts fall outside the scope of this paper. 



Health interventions directed towards 
particular causes of death 

The double-blind study8 of tetanus toxoid and chol- 
era vaccine conducted by the Cholera Research 
Laboratory (now the International Centre for Diar- 
rhoeal Disease Research) in Matlab Thana, 
Bangladesh, represents an example of the use of spe- 
cial study areas; the incidence of tetanus is highly age- 
specific and is best examined with this type of survey. 
The difference between the neonatal mortality rates 
for children born to women receiving the different vac- 
cines (cholera and tetanus) is taken as an estimate of 
the amount of tetanus mortality. This estimate of neo- 
natal mortality from tetanus is slightly less than the 
estimate from the reports on cause of death. Some of 
this difference is caused by false attribution of cause; 
some deaths attributed to diseases described using the 
same local names as tetanus occurred among children 
born to women who had received the tetanus vaccine. 
However, some of the differences may also be due to 
self-selection of the women who entered the vaccine 
trials. 

An example of the usefulness of mortality data for 
two study areas at different periods comes from the 
study lo of mortality among children aged 1-4 years in 
the Hanover district of Jamaica, during the introduc- 
tion of a nutrition programme. The programme was 
introduced into two study areas at different times; in 
both cases, the mortality rate at 1-4 years declined 
substantially immediately following the introduction of 
the programme but at different time periods. By stag- 
gering the beginning of the programme in the two 
areas, the second area serves as a control area for the 
first and vice versa. 

Another study" that made good use of highly age- 
specific mortality rates best provided by small-scale 
follow-up surveys evaluates a spraying campaign 
against malaria in Kenya. In their analysis, the authors 
examine mortality rates for infants by month of age. 
They did not expect any impact on mortality during 
the first months of life since new-borns are protected 
by temporary (passive) immunity to malaria provided 
by the mother. During the later part of the infant year, 
they expected that eliminating malaria might affect the 
mortality rates, because the risk from a first infection 
is more serious than an infection in someone with 
some acquired immunity. Their data on infant deaths 
for the study area and the control areas show that 
death rates were the same during the first three months 
of life (29 per 1,000 live births). However, at 3-1 1 
months of age, the death rate in the control area (132) 
was much higher than the rate in the study population 
(66). The case for the impact of the malaria eradication 
programme is strengthened by the fact that mortality 
rates in the two areas only differed for the age group of 
infants where the programme impact was expected, 
although it should be noted that the accuracy of the 
data is open to some doubt. 

The study1' of three villages in Guatemala demon- 
strates the advantages of mixing retrospective data 

with data from death registration to study the impact 
of health programmes. By combining the results of 
prospective recording of infant and child deaths with 
the retrospective studies carried out by the Institute of 
Nutrition of Central America and Panama (INCAP), 
the authors compared the mortality declines with the 
declines in each of the three villages during the years 
preceding the introduction of several health and nutri- 
tion programmes. The retrospective data and data 
from official reports aid the interpretation of the 
results because mortality had been declining at differ- 
ent rates in the three villages before the programme. 
However, the extra data complicate the analysis and 
the conclusion. For example, the authors note: 
"Although the gain was greatest in the treatment vil- 
lage, 36 per cent, this was no more than expected from 
the decline during the baseline period".13 Repeated 
statements of this type reflect both the difficulty of 
ascribing causation and the problem of combining 
prospective and retrospective data. Although careful 
evaluation of programme impact often must rely on 
retrospective baseline data, it is important to recog- 
nize that extensive efforts to document differences in 
past trends between test and control areas may lead to 
less satisfying, though possibly less misleading, con- 
clusions. For example, one report summarizes the 
results of the Guatemala study by stating that "The 
numerous complications encountered prevented the 
investigators from reaching what they considered to be 
unambiguous conclusions about the project's impact 
on mortality trends" .I4 In this case, the complications 
also included relatively small numbers of prospec- 
tively recorded deaths due to the restricted sample 
size. 

An example of what might be termed "evaluation by 
indirect attribution of cause of death" is the study of 
the impact of diarrhoea treatment centres in the Chol- 
era Research Laboratory study areas. It was estimated 
that the case-fatality rate for patients in the centres 
was less than 1 per cent. This rate was compared with 
an estimate in 1980" that about 47 per cent would have 
died without treatment. This estimate was based on 
the assumption that all patients who had lost at least 10 
per cent of their body weight in fluid loss would have 
died without treatment. The estimate was then 
adjusted for readmissions and for some competing 
risks. Although this approach can provide only a rough 
estimate of the number of lives saved by the pro- 
gramme, it is useful for estimating the magnitude of the 
expected effect of the programme on the overall mor- 
tality rates of the area; this estimate can then be com- 
pared with the actual trends in mortality. 

Another study16 of cause-specific data from the 
Cholera Lab areas shows that there was a close rela- 
tionship between distance to a treatment centre and 
mortality levels. Communities that were within four 
miles of a centre had annual mortality from diarrhoea 
of 100-150 per 100,000 population, while villages that 
were six miles from a centre had rates of 270 per 
100,000. Areas that did not have any medical facilities 
had rates of 250-300. There was also a significant rela- 



tionship between distance to a centre and utilization of 
a centre. This close association with distance to the 
centres increases the likelihood that the centres were 
responsible for a drop in mortality. It is interesting to 
note that the relationship between distance and the 
crude death rates was not significant; the effect of the 
programme was only apparent when the cause-specific 
rates were examined. 

Lastly, a note of caution about the use of small-area 
studies is in order. If the results of such studies are to 
be used for national planning, it is necessary to try to 
determine how the programme results would differ if 
applied nationally as a result of differences in health 
status, age structure and other relevant differences 
between the study population and the population as a 
whole. Since the data on national mortality and health 
are generally quite limited, careful use must be made 
of whatever information is available. 

Evaluation of integrated health projects 

The tendency in health planning during the past dec- 
ade has been towards health programmes that 
integrate maternal and child health, nutrition, malaria 
control, other health programmes and, frequently, 
family planning. Complete evaluations of this type of 
programme require two different approaches: (a) what 
might be termed an epidemiological approach, evaluat- 
ing the impact of each programme component; and 
(b) a demographic approach, evaluating the overall 
impact. 

Results from studies of the impact of programmes 
directed towards specific diseases have to be used 
with great care in estimating the overall impact of an 
integrated health programme. It is not possible to esti- 
mate the expected impact of an integrated programme 
by adding together the expected impacts taken from 
specific studies of each element of the integrated pro- 
gramme. Because of the complex interactions among 
diseases, the overall impact of an integrated pro- 
gramme may be less than the sum of their expected 
individual impacts. The overall impact of an integrated 
programme thus needs to be measured directly, and it 
is often very difficult to evaluate the contribution of 
individual elements of the programme. 

The usefulness of the demographic approach in the 
evaluation of integrated health programmes is demon- 
strated by an evaluation of an integrated health pro- 
gramme in rural Haiti." That study demonstrates that 
a programme combining immunization, nutritional sur- 
veillance, targeted supplemental feeding, nutritional 
education, nutritional demonstration, oral rehydra- 
tion, screening for tuberculosis, deworrning and sup- 
port for traditional birth attendants reduced mortality 
significantly over a five-year period. Although no 
attempt was made to measure the individual impact of 
these separate programme components, examination 
of trends in cause-specific mortality rates strengthened 
the contention that the mortality trends were a result 
of the programme efforts. The demographic approach 
is most useful for studying the impact of integrated 

programmes or for cases where several causes of 
death may be affected by the programme. The epi- 
demiological approach is most important for testing 
the value of one kind of intervention (e.g., a vaccine) 
or for comparing two approaches to the same problem 
(such as malaria prophylaxis and insecticide spraying). 

Evaluation of studies based on national data 

It has already been noted that national data have not 
been widely used in the evaluation of health pro- 
grammes in developing countries, generally because 
the available data are of insufficient quality, or provide 
insufficient detail, to support a thorough study. How- 
ever, two examples of the use of national data are 
given below, one for a developing country with rather 
good registration data and one for a disadvantaged 
subgroup of the population of a developed country. 

The first example is the evaluation of the malaria 
education campaign in Sri Lanka in the late 1940s. The 
number of deaths registered declined by 37,000 
between 1946 and 1947, and the number of deaths from 
malaria declined by some 8,000. Malaria is a debilitat- 
ing disease which might be expected to have important 
secondary effects on death rates from other diseases, 
so a full evaluation would require some attempt to 
assess such secondary effects. In a more detailed anal- 
ysis of the Sri Lanka case, Grayl8 uses additional infor- 
mation from sources other than death registration and 
attributed 23 per cent of the national post-war mor- 
tality decline to the control of malaria. Regression 
analysis was used to demonstrate that: (a) there was 
no correlation between the availability of health ser- 
vices and district mortality rates before the malaria 
campaign; (b) nutritional differences were not respon- 
sible for the mortality differences between malarious 
and non-malarious zones; and (c) the mortality 
declines were concentrated in the age groups that were 
most heavily affected by malaria. He thus was able to 
eliminate health services and nutritional differences as 
major factors behind mortality differences between 
malarious and non-malarious areas and to conclude 
that the apparent effect of eliminating malaria on mor- 
tality was real. 

The second example is the study by Pool19 of the 
Maori in New Zealand. The crude death rate of the 
Maori declined by 45 per cent between 1945 and 1956, 
largely as a result of declines in tuberculosis deaths. In 
1945, tuberculosis was the leading cause of death 
between the ages of 5 and 45, whereas by 1956, death 
rates from tuberculosis had declined to very low levels 
at all ages under 45. He attributes the decline to the 
introduction of mobile mass X-ray units, which were 
testing 10 per cent of the population annually by 1958. 

This chapter has considered the difficulties that 
beset the use of mortality data in the evaluation of 
health and development programmes. One difficulty is 
that mortality data alone may not be sufficient for a 



thorough evaluation; such is clearly the case with 
development programmes, for which a much wider 
range of criteria would be required for evaluation. It is 
also the case even for specific health programmes, for 
which changes in morbidity not necessarily reflected 
in mortality figures would be an important element in a 
complete evaluation. A further problem is in the 
choice of summary measures to represent programme 
impact; different indices might give quite different pic- 
tures of the impact of a programme, both in absolute 
terms and in relation to the performance of other pro- 
grammes. This problem is particularly acute when 
comparing the value of competing development proj- 
ects; for such purposes, some attempt must be made to 
calculate the current social utility of a health pro- 
gramme. 

Perhaps the most crucial problem affecting the eval- 
uation of health programmes is that of establishing a 
causal link between the programme and subsequent 
mortality changes. Although no complete answer is 
available, solid support for a causal link in the case of 
highly specific programmes can be built up by examin- 
ing changes in mortality by age and sex, by cause and 
by timing. For such purposes, detailed follow-up sur- 
veys covering the period of the programme are the 
only realistic study design. For more general health 
programmes, expected impacts at particular ages or on 
particular causes of death will be less clear-cut; and 
the use of cheaper survey procedures, although 
providing much less detail but preferably including the 
coverage of a control area, may be sufficient. National 
statistics on deaths rarely provide the basis of more 
than very impressionistic assessments, in part because 
of problems of data accuracy and in part because of a 
severe lack of detail. 

Despite the large number of health projects imple- 
mented in recent years, careful evaluations are disap- 
pointingly thin. This lack undoubtedly arises in part 
from the fact that expenditure on evaluation is not 
directly productive and is therefore not accorded high 
priority. It is no coincidence that several of the most 
thorough evaluations grew out of small-scale surveys 
to test particular clinical procedures, where the eval- 
uation was the object of the exercise rather than a side- 
line. Such surveys are obviously important, providing 
invaluable information about the potential efficiency 
of different clinical procedures, but for general 
monitoring of health projects, something less demand- 
ing and less expensive is required. Thus, every health 
project should include some attempt at assessment, 
but not every project should try to emulate the work of 
the Cholera Research Laboratory. The design of the 
evaluation should take into account the objectives of 
the project and its likely effects. It is hoped that the 
discussion in earlier sections may prove useful in the 
selection of an appropriate evaluation programme. 
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ANNEX 

Sampling variances and calculation of sample size for design of evaluation studies 

Because of the expense and organization required to conduct pro- 
spective studies of programme impact, most such studies cover 
relatively small populations. Even for populations of only 10,000 or 
so, the sampling error associated with total deaths in a year will not 
be large. However, evaluations of programme impact require more 
detailed measures, specific by age, sex or causes, than simple 
changes in the actual number of deaths. For example, in a popula- 
tion of 10.000 with a crude birth rate of 40 and an infant mortality 
rate of 150, one would expect to find about 60 infant deaths in a year. 
However, because of the small number of births, the actual number 
of observed deaths would fluctuate from year to year in the range of 
from 45 to 75 infant deaths during most years even if the risk of 
dying stayed constant, so the number of observed deaths could drop 
from 70 to 50 without a change in the underlfing risk. It is therefore 
necessary to calculate a confidence interval for the risk of dying. 

For some mortality indices it is easy to apply standard statistical 
formulae to calculate sampling variances. For example, rates can be 
assumed to be distributed binomially and the appropriate tests used 
to test significance of observed changes in these rates. Keyfitza 
presents the following equation for the variance of the life expectan- 
cy at agex, eO,: 

where 1, is the proportion surviving to age x; n is the width of the age 
interval; a, is the average age of death of those dying between y and 
y + n (usually estimated as nD); and qx is the proportion dying 
between exact ages x and x + n in the life table. The variance of ,,qX 
can be approximated as: 

where ,+UX is the age-specific mortality rate for the age group fromx 
to x + n ;  and ,PX is the population on which .MX is based. If the 
observed number of deaths in an age group is small (say, less than 
5). then Var QX) can be estimated using the Poisson distribution for 
,MI rather than the binomial: 

Table IV.A.1 presents the variances of the eox values for the life 
table for males in Matlab in 1974, collected as part of the Cholera 
Lab studies. The population size has been scaled to a total of 

TABLE 1V.A. 1. STANDARD ERRORS OF ESTIMATED LIFE EXPECTANCY 
VALUES FROM A POPULATION OF 100,000 WITH LIFE-TABLE AND AGE 
DISTRIBUTION OF MALES, MATLAB, BANGLADESH, 1974 

Life expectancy 
Age a r a  e x  g Standard error 

X e x of e Ox 

0 ................. 53.4 0.60 
1 ................. 59.5 0.62 
5 ................. 59.8 0.55 

10 ................. 56.2 0.53 
20 ................. 46.7 0.53 
30 ................. 37.5 0.51 
40 ................. 28.9 0.48 
50 ................. 21.0 0.45 
60 ................. 14.2 0.39 

100,000. As can be seen from equations (1) and (2) (or (1) and (3)), the 
variance of eox is proportional to the reciprocal of the population 
size given the same age distribution and the same estimated life ta- 
ble, so a sample size of 10,000 in the Matlab example would give rise 
to a standard error in eoo of about 1.9 years, larger by a factor of 
than that for the 100,000 sample. 

The formulae for the sampling variances can be used to determine 
the sample size needed to test the impact of a programme. In order 
to calculate the required sample size, it is necessary to specify: 
(a) the level of significance to be used in the statistical test (usually 
95 per cent); (b) the expected change in the index of impact; and 
(c)  the desired probability of finding a significant result assuming 
that the expected change occurs (the power of the test). If the esti- 
mate of the measure of impact can be assumed to be normally dis- 
tributed around the true value, the required sample size is: 

where Z ,  is the value of the standard normal deviate corresponding 
to the seiected significance level; ZBfs the value of the standard nor- 
mal deviate corres~ondiru! to the desired wwer; 2 is the population 
variance of the mekure; and 6 is the poskdated change in the meas- 
ure. The resulting N is the sample size needed in both the test and 
the control; therefore, the total sample size is 2 ~ . ~  

This formula can be used to choose the sample size for an evalua- 
tion of a programme that is expe'cted to increase the value of eoo. 
The evaluation should be based on a one-tailed test because one 
would only be interested in the programme if it increased life expec- 
tancy. An appropriate value of Z ,  is 1.645, which corresponds to a 
95 per cent significance level with a o&-tailed test. Z  can be taken 
as 0.841, which corresponds to an 80 per cent ohance (3) of finding a 
significant result if the life expectancy really does change by 6 years. 
The choice of P is somewhat arbitrary since, unlike a, there are no 
firmly established conventions. The value of d is equal to Var (eoo) 

times the total population size on which the life table is based. It is 
useful to note that an a of 0.90 and a 6 of 0.90 give an N only 6 per 
cent larger than an a of 0.95 and a /3 of 0.80. 

Table IV.A.2 presents the sample sizes needed to test the impact 
of programmes using the Matlab life table given in table IV.A.l and a 
variety of different assumed impacts. The resulting sample sizes are 
in terms of person-years of observation. For example, the 445,000 
corresponding to a P of 0.8 and a change in the life expectancy of 
one year can be one year of observation for a population of 445,000 
in the test area or two years of observation for a test population of 
222,500. 

If the programme evaluation is to be based on changes in a propor- 
tion, e.g., the infant mortality rate or an age-specific mortality rate, 
a different formula is needed to determine the required sample size. 
In this case the required sample size can be calculated using an 

TABLE IV.A.2. SAMPLE SIZES FOR TEST AREA REQUIRED FOR VARIOUS 
LEVELS OF CHANGE IN LIFE EXPECTANCY AT BIRTH WITH A SIGNIFI- 
CANCE LEVEL, a, OF 95 PER CENT AND A POWER, 6, OF 80 PER CENT 

Change in life 
expecrancy at birth, eoo Required 

(years) sample sirea 

0.5 .......................... 1 781 000 
1.0 .......................... 445 000 
2.0 .......................... 111 OOO 
3.0 .......................... 49 000 
4.0 .......................... 28 000 
5.0 . . . . . . . . . . . . . . . . . . . . . . . . . .  18 000 

aTotal required sample for test and control is twice this value. Cal- 
culations based on Var ( e O  0.60, taken from table IV.A.1, round- 
ed to the nearest thousand! = 



equation derived by Miettinen. This equation allows for different 
sample sizes in the test and control areas. The ratio of No and NI, the 
sample sizes in the control and test areas, is set at R. With a postu- 
lated change in the rate from Po to P I ,  and given values of R, Z, and 
Zb the required sample size is: 

where K = (A + B) (RA - B) - R(PI - pdZ; 
A =Pl( l  - P d  + P d l  -PJ;and 
B = (R - 1)Pdl - Pd. 

Table IV.A.3 gives some examples of the sample sues required 
for various levels of impact. The baseline values are similar to the 
actual rates for the Matlab study area in 1974. This table demon- 
strates the importance of the expected impact of the programme. To 

TABLE IV.A.3. SAMPLE SIZES FOR TEST AREA REQUIRED FOR A 95 
PER CENT TEST OF SIGNIFICANCE, a, WITH A POWER, /3, OF 0.80 

&#a/ sample sizesa 

Base role per 1.000 change in rate 

(Unitfor sample sire) 5 10 20 30 40 
- - -  

I M R ~  = 140 (live 
births) . . . . . . . . . 58 650 14450 3 500 1 500 800 

Neonatal = 80 (live 
births) . . . . . . . . . 35 350 8 550 2 000 800 400 

6-23 monthsc = 40 
(survivors to 6 
months) . . . . . . . . 17 850 4 150 850 300 - 

1-4 years = 25 (per- 
son-years) . . . . . . 10850 2 350 400 - 
asample sues rounded to nearest 50. 
%ant mortality rate. 
fCohort mortality between ages 6 months and 2 years. per 1,000 

survivors to 6 months. 

be 80 per cent sure of detecting a significant programme impact if the 
real impact is a 20-point reduction in a rate of 140 per 1,000, one 
needs a sample size of about 3,500 in the test area. However, with a 
real change of 30 points the sample can be limited to 1,500. Table 
IV.A.3 also makes clear the importance of the level of the rate. 
Detecting a change of 5 points per 1,000 is easier when the change is 
from 25 to 20 than when it is from 80 to 75. 

In some instances, it can be cost-effective to use a larger sample 
size in the control than in the test area even though the minimum 
total sample size is achieved when the two are equal. For example, if 
existing vital statistics records are to be used for the baseline (i.e., 
the control), the cost of data collection in the test area might be 
much higher, even if only in terms of the length of time before suffi- 
cient person-years of risk are observed. With an estimated change 
from a rate of 140 to 120, a sample size of 3,500 is required in the test 
area if equal sample sizes are used. If the wntrol area has a sample 
size twice the test area, then the sample in the test area can be 2,600. 
Although the total sample size increases from 7,000 with equal sam- 
ples to 7.800 with unequal, the costs of the programme or the dif- 
ferences in the costs of data collection might justify this increase. On 
the other hand, if there is little time for the collection of baseline 
data, it might be necessary to set the test sample at twice the con- 
trol. 

More complicated study designs, such as a comparison of two 
study areas with each other and with a control, require more elabo- 
rate formulae for the calculation of required sample sizes. Cohenc 
provides a useful set of tables and numerous examples for use in 
studies based on correlations, chi-square comparisons, F tests and 
regression analysis. 

N m ~ s  

aNathan Keyfitz, Introduction to the Mathematics of Population 
(Reading, Pa.. Addison-Wesley, 1977). 

b~il l iam G. Sncdewr and George W. Cochran, Statistical Meth- 
ods, 6th ed. (Ames, Iowa, Iowa State University, 1967). p. 113. 

'Jacob Cohen, Statistical Power Analysis for the Behavioral Sci- 
ences, rev. ed. (New York. Academic Press, 1977). 
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V. APPROACHES TO THE COLLECTION OF MORTALITY DATA 
IN THE CONTEXT OF DATA NEEDS * 

United Nations Secretariat * * 

There are three basic systems for gathering mor- A. CONTEXT OF DATA COLLECTION , - - ---  

tality data on a national basis: the civil registration 
system; the sample survey; and the population census. 
In addition, a few variants of these basic methods have 
also been used for collecting either national data (for 
example, the sample registration system) or local-area 
mortality data (for example, the use of lay health 
workers to monitor deaths and births). The use of the 
three basic methods and most of the major variants is 
reviewed in considerable detail in the following chap- 
ters. The present chapter deals with issues that affect 
all data-collection efforts, including the different 
demands made by data users, the methods of analysis 
and adjustment available and the general problems of 
the collection of mortality data. Most importantly, it 
stresses the essential complementarity of the basic col- 
lection methods, by highlighting the relative strengths 
and weaknesses of each in relation to different needs 
and situations. 

The paper stresses five major points: 
(a) It is important to take into account the distribu- 

tion of mortality in any given population when design- 
ing the procedures that will be used to measure it; 

(b) The three basic methods of data collection are 
more or less well-defined processes with distinctive 
although somewhat overlapping performance charac- 
teristics in terms of the detail, timeliness and accuracy 
of the data they can generate; 

(c) The three basic collection methods must be seen 
as complementary; no one alone can adequately serve 
all the needs for mortality data; 

(d) It is important to consider the length of advance 
planning required for different data-collection activi- 
ties and to keep this in mind in developing strategies 
for improving national data-collection capabilities; 

(e) The methodology for the collection of data can- 
not be considered in isolation from the methodology 
available for adjusting data found to be defective. 

*The original version of this chapter appeared as part of document 
IESAIPIAC.17M. Statements on data-collection activities and 
needs, in addition to the papers presented herein, were submitted to 
the Working Group for eight representative countries (for list, see 
annex to part one). Reference is made to these country experiences 
throughout this chapter. The statements are available from the 
United Nations Secretariat or the authors. 

+*Population Division and Statistical Ofice of the Department of 
International Economic and Social Affairs. 

The various uses of mortality data that are reviewed 
in chapter 111' have a substantial impact on the types 
of data required. Different uses imply quite different 
needs in terms of subject-matter, temporal or geo- 
graphical detail, as well as the associated demograph- 
ic, social or economic data required. In addition to the 
needs of users, the conditions and characteristics of 
the population being studied have important effects on 
the data-collection process. In measuring mortality, in 
particular, it is important to emphasize the sharp dif- 
ferences that exist between the developed and devel- 
oping countries, both in the aggregate phenomenon 
being measured and in the conditions of observation. 
Because of past and current levels of fertility and mor- 
tality, mortality in the developed countries occurs pri- 
marily among the elderly and rarely among children 
and infants. In contrast, in developing countries nearly 
half the deaths occur to those under age 15, and fre- 
quently more deaths occur in the first year of life than 
among those aged 65 years and over. 

In addition, the more developed regions are charac- 
terized by the greater prevalence of the nuclear family 
as a living arrangement, greater urbanization and 
greater availability and use of in-patient health facili- 
ties. Collectively, these factors interact with the differ- 
ent age patterns of mortality to accentuate the 
differences between the measurement situations in the 
two groups of countries. For example, although all 
surveys tend to omit the mortality of persons living 
alone or with non-relatives, this situation is a much 
larger source of omissions in surveys of developed 
countries, where deaths are concentrated among the 
elderly and where many of those over age 65 live alone 
or with non-relatives. Another example of this prob- 
lem is that while all surveys tend to underreport deaths 
of the very young, because few such deaths occur in 
the developed countries, even very high omission 
rates have a minor impact on estimates of total mor- 
tality in those countries. 

The situation is almost reversed in the developing 
countries. There, high omission rates of the deaths of 
infants and children have a large impact on mortality 
estimates, because such a larger proportion of the total 
deaths are those of infants and young children. Fur- 
thermore, the prevalence of multiple-family house- 
holds increases the likelihood that a census or survey 
respondent will be someone other than the infant's 



mother and that the infant's death will be subject to the 
very high omission rates associated with such proxy 
respondents. 

On the other hand, because relatively fewer deaths 
occur during the oldest ages and because a greater pro- 
portion of dwelling-units have residential arrange- 
ments other than the nuclear family (which means that 
fewer people live alone), errors from this age group 
may be only a minor component of the total error in an 
estimated crude death rate from a developing country. 

Complicating the measurement problem further is 
the comparative rareness of mortality, even in a high- 
mortality country. For example, on average, one 
would expect from about 4 to 14 deaths a year per 100 
households in most developing countries. This average 
figure is subject to very marked seasonal swings in 
many developing countries. Moreover, in times of 
national disaster, epidemics, civil disturbances or war, 
mortality may sharply rise locally if not nationally. 
These same events are likely to disrupt data-collection 
efforts, either directly in the case of methods involving 
contemporaneous recording of deaths or indirectly 
through increased migration in the case of other data- 
collection methods. As a result, relatively more deaths 
are likely to go unrecorded during these peaks than 
when mortality is at more customary levels. 

B. METHODS USED TO OBTAIN MORTALITY DATA 

Inventory of data-collection procedures 

Several broadly different techniques have been used 
to detect the occurrence of individual deaths and to 
assemble this and related information to provide reli- 
able statistics about mortality behaviour in the popula- 
tion in general. The techniques include: 

( a )  Continuous recording of deaths as soon as possi- 
ble after occurrence; 

(6)  Retrospective questions about individual deaths 
occurring over some specified period in the past; for 
example, deaths in the preceding 12 months or mater- 
nity hi~tories;~ 

( c )  Retrospective questions about the cumulative 
number of events that have occurred (for example, 
number of children ever born and surviving or number 
of surviving  parent^;^ 

" multi-round survey", "follow-up survey", "house- 
hold change technique" or "prospective surveyw- 
must be combined with some other method in order to 
obtain information about the occurrence of live births 
and related infant deaths occurring between visits. 
That is, other questions must be asked to ascertain the 
occurrence of events that are not evident from inquir- 
ing about persons on the initial list. Regardless of the 
specific technique or techniques used to identify the 
occurrence of deaths, it is essential that data collectors 
use procedures that are well-defined and well- 
controlled. 

Basic data sources and some major 
design variants 

Table V . l  lists the five techniques for identifying 
deaths and indicates the degree to which they can be 
used in the context of each of the three basic data-col- 
lection methods. As the table shows, a civil registra- 
tion system is by definition an application of the 
continuous-recording technique. Three of the five 
techniques can be used in connection with a popula- 
tion census. Sample surveys offer the greatest flex- 
ibilities in using different types and combinations of 
the techniques. 

In fact, the sample survey method generally offers a 
very wide range of options, not only in terms of tech- 
niques used but in terms of other factors related to the 
type, design and execution of the survey. These fac- 
tors include the number of questions asked, whether 

TABLE V. 1. SUITABILITY OF VARIOUS TECHNIQUES FOR DETECTION 
OF DEATHS, CLASSIFIED BY DATA-COLLECTION METHOD 

Data-coNection method 

Technique 
Civil registration Sample Population 

system survey census 

(a )  Continuous recording 
of deaths . . . . . . . . . . . Yes Noa No 

( b )  Retrospective ques- 
tions about each 
death . . . . . . . . . . . . . . Not applicable Yes Yes,  but 

very 
limitedb 

( c )  Questions about cu- 
mulative number of 
events .. . . . .. . . . . . . No Yes Yes,  but 

limitedC 
( d )  Household change 

technique . . . . . . . . . . Not applicable Yes No 

(d )  Compilation of a list of persons living in a house- Aggregate popuiation 

hold at one time and the follow-up of those persons data classified by age 
and sex . . . . . . . . . . . . Not applicable Yes Yes 

over time through repeated visits to update them and 
record individual deaths between  visit^;^ Source: Adapted from United States of America, National Acade- 

my of Sciences, National Research Council, Panel on Data Collec- 
( e )  Comparison of the number of persons by age and tion. collect in^ Data for the Estimation o f  Fertilitv and Mortality. 

sex (or bvcertain other characteristics) at on& 0; more committee on-~opulation and ~emography, ~ e p &  No. 6 ( ~ a i h -  
points inf ime to derive information abbut mortality as i ' % ~ ~ A ~ ~ A ~ ~ ~ ~  ~ ~ ~ " , " $ ~  ~~~'~~~.inCIUde a continuous- 
an aggregate phenomenon (considered later in this recording o~eration in sam~le  areas or monthly or more frequent 
chapter). interviewing that approaches notions of contemporaneous record- 

in . However, most sample surveys do not use this method. 
These techniques are not necessarily mutually %suited onlv for a auestion relatine to deaths in the ~recedine, 12 

exclusive and are often used together. For example, months or thddate of-the most receni death. 
- 

Wften not feasible to use the recommended full battery of six 
the method described above in subparagraph questions (i.e., living in household, living elsewhere, born alive but 
which is referred to by various names, including now dead, each separately for males and females). 



the survey involves one visit to each sampled house- 
hold (single-round survey) or more than one visit 
(household change technique), whether information 
collected in the current visit is compared with or 
reconciled with previously collected information, 
whether the survey is carried out on an ad hoc basis or 
with the assistance of a permanent household survey 
organization, whether the survey is carried out by a 
governmental statistical agency or some other organi- 
zation, the type and size of sample, the persons used 
as interviewers and supervisors and the work-loads of 
each, the extent and nature of the training provided the 
field staff, the type and layout of the questionnaire 
used, the type and extent of manual and computer 
editing, and so on. 

Although the variations possible in designing and 
carrying out a population census are considerably 
fewer than with a survey, variations can and do occur. 
Some so-called "options" are not real options in all 
situations, because many features of census organiza- 
tion and design are dictated by external factors. For 
example, in a country in which most of the population 
is illiterate, the self-enumeration method of enumera- 
tion is not a real option. On the other hand, conditions 
change, so what can be considered a real option also 
changes over time. 

Continuous-recording systems 

The basic design options in continuous recording of 
deaths can be expressed in terms of a two-by-two clas- 
sification: 

-~ -- 

~ o r t  of 
Legal status of system 

field staff Civil registration Special registration 

Passive . . . . . . . . . . . . 
Active . . . . . . . . . . . . . 

"Passive" in this table means that a member of the 
household or a person closely associated with a house- 
hold (or with the death, e.g., the physician, hospital 
staff member or undertaker) brings the information 
concerning a death to a staff member of the civil regis- 
tration system. "Active" means that the staff member 
actually visits households to gather information con- 
cerning deaths. Despite the considerable scope 
afforded by these four alternatives and the large num- 
ber of countries that have undertaken the task, most 
efforts at continuous recording of deaths involve an 
official civil registration system that depends upon 
passive staff effort (that is, the upper-left cell of the 
table). 

The organization of registration systems varies 
greatly among countries-for example, which ministry 
has responsibility for the registration work and which 
carries out the statistical compilation work; whether 
notification responsibility falls on the family or on 
health, religious or local administrative personnel; the 
hours and location of registration offices; whether the 
statistical data are compiled locally, regionally or cen- 

trally-but within the same country there is much 
institutional continuity. 

In many developing countries, a substantial propor- 
tion of deaths do not appear in the final tabulations, 
either because they are simply not registered or 
because of transmission losses up the administrative 
chain from a local registrar to the central processing 
department. The country statement for pew7 submit- 
ted to the Working Group estimates that 50 per cent of 
all deaths in the country do not appear in the published 
figures, 70 per cent of them because of non-registra- 
tion and the other 30 per cent because of loss of docu- 
ments and other adminstrative errors. Although 
penalties for non-registration have generally not 
proved effective for improving registration, the 
requirement of a burial permit has proved useful, par- 
ticularly in urban areas. The country statement for 
Hong Kong, citing a negligible level of omission, 
points out that on such a crowded island it is almost 
impossible to bury a body illegally. Some countries 
have improved the coverage of death registration to 
virtual completeness; for example, the country state- 
ment of Cuba indicates that death registration 
improved during the late 1960s and early 1970s to 
effective completeness by the late 1970s; that of Sri 
Lanka reports an improvement through the 1950s and 
1960s to 95 per cent completeness; and that of Mexico 
also shows a steady improvement in registration over 
the past three decades, although to a still less than sat- 
isfactory level. Such experience, however, has by no 
means been universal; the country statements of Peru 
and Sierra Leone give little basis for optimism about 
improving coverage. 

Despite institutional continuity, countries whose 
civil registration systems suffer from substantial 
incompleteness may be subject to sudden variation in 
the level of completeness. Although these variations 
sometimes are attributable to obvious organizational 
changes, more commonly they are due to subtle 
changes in detailed procedures or to registration 
drives. For example, the latter effort often produces a 
substantial number of delayed registrations with 
respect to current events. The apparent sharp drop in 
infant mortality in the early 1970s cited by Mexico in 
its statement was accounted for by delayed birth regis- 
trations which inflated the denominators of the rates. 

A national civil registration system that functions as 
a reliable instrument of mortality measurement is more 
difficult to establish than a sample survey or a popula- 
tion census because it must be more extensive both in 
time and in space than either of the other two methods. 
In other words, a civil registration system must pro- 
vide a means for detecting and recording all deaths 
regardless of what time of year or where in the country 
each event takes place. 

Sample surveys 

The sample survey, restricted as it is to a small pro- 
portion of the population, is in a much better position 
than either the census or the civil registration system 



to produce observations made under conditions that 
approach the ideal of statistical control. This is partic- 
ularly true when, as is the case with most survey sam- 
ple designs, the sample is confined to a relatively small 
number of geographical areas. In that situation, it is 
possible to train and supervise the field staff more 
effectively than in either a census or a civil registration 
system and to insist, where appropriate, on direct 
rather than proxy interviews. Furthermore, as table 
V.l indicates, the sample survey is the most versatile 
of the three collection processes in terms of the tech- 
niques that can be used to detect deaths. Some of 
these techniques are also applicable to censuses, 
although they often work best under survey conditions 
for the reasons just mentioned. Nevertheless, it is indi- 
cated here whenever an approach is also applicable to 
censuses. 

Against these advantages must be placed the disad- 
vantages that arise because sampling is being used. 
Survey estimates are subject to measurable sampling 
errors if a probability sample is employed; even great- 
er uncertainties arise if some other sampling procedure 
is used. Thus, new "sampling" designs should not be 
used to collect fertility and mortality data; standard 
probability sampling should be employed. User confi- 
dence in the estimates is an important issue when data 
are collected by a sample survey. The impact of sam- 
pling errors on mortality estimates is very substantial, 
particularly with respect to crude rates and age-speci- 
fic rates based on sample data for a single year. The 
impact of sampling errors is even more pronounced 
when mortality differentials cross-classified by age are 
being studied. 

There are four self-contained approaches to the col- 
lection of information in a sample survey: (a) the inclu- 
sion of a question on deaths in each household over 
the preceding 12 or 24 months in a single-round survey 
or census; (h) the information on the deaths occurring 
during a given period gathered by following up the 
population in a household sample through a multi- 
round survey (here termed the "household change 
technique"); (c) the collection of information in a sur- 
vey or census on the survival status at the time of 
interview of specified close relatives; and (d) the col- 
lection of maternity histories of women which provide 
information on their past experience of childbirth and 
child survival. 

Survey or census questions on household deaths in 
the preceding 12 or 24 months have, in general, not 
proved to be very satisfactory. The number of events 
reported is often manifestly inadequate; some part of 
the problem may be due to reference period error (fail- 
ing to report a death because of misdating it or other- 
wise incorrectly perceiving it as having occurred 
before the specified period), but some part is generally 
due to omission, arising from the simple failure to 
report a death or from structural problems, such as the 
dissolution and regrouping of households as the result 
of a death. 

A further shortcoming is the amount and quality of 
information about the deceased and the death that can 

be collected. In a census, for which the questions have 
to be made simple to answer and limited in number, it 
is usually only possible to collect the age and sex of the 
deceased and the month and year of the death. Some- 
what more flexibility is possible with a survey, which 
usually has better trained interviewers and the pos- 
sibility of asking a larger number of questions. The 
accuracy of the information may also be low, since it is 
recalled retrospectively by a household member who 
may not necessarily be well-informed. 

The household change technique overcomes some 
of the problems associated with the use of these ques- 
tions. First, the starting-point of the reference period 
is fixed by the preceding survey round, an unam- 
biguous point in time that requires no dating by the 
respondent; reference period error is thus reduced. 
Secondly, when the household listing from one round 
is used to check the responses to the next, omissions 
and discrepancies may be corrected in the field, hence 
reducing the incidence of error. Thus, since losses of 
household members between rounds must arise either 
from emigration (from the household) or from death, 
careful probing of such losses should control uninten- 
tional omission and reduce concealment of deaths. 
Thirdly, the characteristics of the persons who subse- 
quently die are generally obtained before they die, at 
earlier survey rounds, thus ensuring consistency 
between the numerators and denominators of mor- 
tality rates, though not necessarily accuracy. These 
advantages do not, of course, apply to deaths between 
rounds, to births or to in-movements that occurred 
between the same rounds. The reporting of infant 
deaths, however, can be improved by recording the 
pregnancy status of all women of childbearing age at 
each survey round and then probing the outcome of 
reported pregnancies at the subsequent round. 

These advantages make the household change tech- 
nique approach very attractive theoretically, but they 
have to be set against practical difficulties. The field- 
work has to be carried out at regular intervals over an 
extended period of time-a minimum of three rounds 
separated by six-month intervals implies over a year of 
continuous field-work-making it difficult to maintain 
supervision, enthusiasm and commitment, as well as 
requiring administrative continuity and the long-term 
use of skilled and well-trained manpower. 

The development and use of questions on current 
survival status of close relatives were impelled by the 
perception that direct retrospective approaches were 
unsatisfactory. The longest established and most wide- 
ly applied of these procedures is that used to estimate 
child mortality risks from information on the number 
of children ever borne, and the number surviving at 
the time of interview, by women classified by age or 
duration of marriage. The analysis converts the pro- 
portions of children dead into probabilities of dying by 
exact ages of childhood; although the original pro- 
cedures assumed constant mortality and fertility, 
recent developments have made it possible to date the 
mortality estimates under the assumption of regular 
mortality change, to allow for changing fertility by 



using the age distribution of children and to obtain 
period-specific estimates under conditions of changing 
fertility and mortality when data are available from 
two surveys. 

Information on whether a respondent's mother is 
alive at the time of interview provides an indicator of 
adult female mortality, and similar information about 
fathers provides an indicator of adult male mortality. 
Models of fertility and mortality have been used to 
develop methods to make the transformation from tab- 
ulated proportions of respondents with surviving 
mother (father) to standard life-table survivorship 
probabilities. The original methods assumed constant 
mortality, an unrealistic assumption in view of the fact 
that the exposure periods might range up to 50 or 60 
years; but a recent development permits the estima- 
tion of the reference dates of the survivorship proba- 
bilities under the assumption of a regular pattern of 
mortality change, a somewhat more realistic assump- 
tion. Of course, to the extent that actual mortality 
change did not occur according to the assumed pat- 
tern, undesirable biases will arise in the mortality esti- 
mates derived, but experience to date suggests that 
their magnitude is small. 

Information on survival of first spouse classified by 
sex of respondent and by either age of respondent or 
years since first marriage provides an alternative 
approach to the estimation of adult mortality. The pro- 
portions of ever-married respondents with first spouse 
alive classified by age or by marital duration are trans- 
formed into adult survivorship probabilities for the sex 
opposite to that of the respondent through use of trans- 
formation equations based on nuptiality and mortality 
models. In general, experience with widowhood ques- 
tions suggests that the approach should not be relied 
upon. 

Maternity histories collect the date of birth and, if 
applicable, the date or age at death of each child borne 
by the women interviewed. Conventional mortality 
measures can be computed from these data for a con- 
siderable period of time prior to the survey, since 
information is available on deaths by age group and 
time period and on the numbers exposed for the same 
age groups and periods. Experience with this approach 
has expanded greatly over the past eight years as a 
result of the World Fertility Survey programme. 

The maternity history approach has many attractive 
features. It provides levels and recent trends in mor- 
tality up to about age 10; permits the study of mortality 
differentials by sex of child, characteristics of the 
mother and characteristics of the household (the 
recent application of proportional hazard models has 
increased the sophistication of such studies); and does 
not rely upon models in the calculation of the basic 
measures. On the debit side, the data collection 
requires intensive, lengthy interviews by highly 
trained staff, thus imposing a small sample size and 
limiting the depth of possible analysis of differentials. 
The reported dates of birth, and even more so dates or 
ages at death, appear to be affected to a greater or 

lesser extent by systematic errors, distorting trends 
and age patterns of mortality. 

Census-based methods 

A population census, while as broad in geographical 
scope as a continuous-recording system, is a single 
effort carried out once, or at most twice, each decade. 
As a result, extensive administrative and technical 
resources can be specially mobilized in an effort to 
keep the data-gathering and data-processing opera- 
tions under as much control as possible. Indeed, such 
a special mobilization of resources is essential if major 
errors in coverage and content are to be avoided. 

Age and sex distributions of the population obtained 
from one or more census enumerations can, in certain 
circumstances, be very useful for providing mortality 
estimates. As these approaches are not covered in the 
following chapters, they are dealt with in more detail 
here. In a population that is closed to migration, the 
numbers of deaths experienced by successive cohorts 
between two censuses can be obtained from the 
changes in cohort sizes between the two censuses; an 
essentially similar way of treating the same basic infor- 
mation is to derive an intercensal life table from cohort 
survivorship ratios calculated as the ratios of final 
cohort sizes to initial cohort sizes. It may be noted that 
the intercensal-survival approach can be used even 
with an open population if information on net age-spe- 
cific intercensal migration is available, although in 
most cases even less is known about migration than 
about mortality. In addition, if information is available 
on place of birth (or a similar characteristic) in both 
censuses, it may then by possible to define closed sub- 
groups in which to carry out this approach. 

The intercensal-survival approach to mortality 
estimation has been widely used; for instance, a series 
of intercensal life tables for India have been con- 
structed by applying it to the sequence of decennial 
censuses available for this century. The approach has 
certain advantages: its data needs are fairly simple, 
namely, two or more census enumerations, preferably 
but not necessarily separated by intervals divisible by 
five; and the basic analysis does not rely upon any 
demographic models or assumptions of stability or 
quasi-stability of uncertain applicability. However, the 
approach has certain profound practical drawbacks. 
First, it assumes either negligible net migration or the 
possibility of adjusting each cohort for net migration; 
adequate data for such an adjustment rarely exist, so 
the approach generally assumes no net migration. For 
many countries, this assumption can be supported at 
the national level but not at the regional level, making 
the approach unsuited for the study of differentials by 
characteristics that can change between the censuses. 
Secondly, the approach depends critically upon the 
comparability in terms of coverage of the two cen- 
suses; quite small changes in enumeration complete- 
ness can introduce substantial errors into the result. 
The third drawback of the intercensal survival 
approach is age-misreporting, which can severely dis- 



tort cohort survivorship ratios for conventional five- 
year age groups, even to the extent of giving survivor- 
ship ratios in excess of unity if the second age group is 
more attractive to respondents than the initial age 
group. Various methods are used to smooth the sur- 
vivorship ratios; one is to average the mortality levels 
in some system of model life tables; another is to for- 
ward-project the initial population, or reverse-project 
the final population, using different model mortality 
levels; and to average the mortality levels implied by 
the cumulated final, or initial, population aged 10 and 
over, 15 and over, and so on up to 40 and over or 45 
and over. Even using these smoothing procedures, 
however, the effects of age-misreporting on the final 
estimates can still be substantial, particularly in the 
face of systematic errors, such as general age exag- 
geration. It should perhaps be stressed also that the 
intercensal-survival approach can only be applied to 
successive census counts, implying an extensive lag 
before estimates can be made; sample survey esti- 
mates of total population are too affected by sampling 
errors and coverage problems to be used as a basis for 
the approach. 

A somewhat different approach, using the same 
basic data and subject to some of the same drawbacks, 
is proposed by Preston.' Instead of calculating cohort 
survivorship ratios, age-specific intercensal growth 
rates are calculated from the two census age distribu- 
tions and used to reduce the average intercensal age 
distribution to a stationary population form from 
which the levels of life expectancy at successive ages 
can be obtained. The advantages of the approach are 
that the age-specific growth rates are unaffected by 
equivalent age-reporting errors at the two censuses 
and that it can be applied with equal computational 
ease regardless of the length of the intercensal inter- 
val. However, the approach still suffers from the other 
drawbacks of the traditional procedure and is still 
affected by age errors that affect the average intercen- 
sal age distribution or that are not equivalent between 
enumerations, a surprisingly common occurrence. 

A single age distribution represents a record of the 
fertility, mortality and migration effects on a popula- 
tion over an extended period. Extensive net migration 
will usually make it impossible to extract mortality 
information from an age distribution, because migra- 
tion is generally even more poorly documented than 
mortality. But if a population can be regarded as 
closed, the age distribution reflects the combined 
effect only of fertility and mortality. Thus, in a closed, 
accurately recorded age distribution, the difference in 
size between the population aged, say, 25-29 and that 
aged 20-24 reflects the difference in size of the birth 
cohorts (or the growth rate of births), and the dif- 
ference in mortality risks from birth to the time of the 
census or survey. For most age groups, the growth 
rate of births is easily the predominant factor; and the 
ages where mortality is relatively important, for the 
very young and the elderly, are also the ages where 
age-misreporting is poorest. In order to use the age 

distribution as a basis for mortality estimation, infor- 
mation is needed about the growth rate of the popula- 
tion, and assumptions are needed about the course of 
mortality in the past. One approach is stable-popula- 
tion analysis, which assumes that the population has 
equal growth rates at all ages typical of the fertility and 
mortality rates it currently experiences and that the 
stable rate of natural increase is known; if the growth 
rate is known to have been changing steadily as a 
result of mortality change, adjustments can be made 
for quasi-stability. The method can be applied to infor- 
mation from a single census or survey, although some 
information about the growth rate will be required. 
Otherwise, however, the method has copious disad- 
vantages as an approach to mortality estimation. The 
migration assumption makes it inapplicable to the 
study of differentials; the stability, or quasi-stability, 
and mortality pattern assumptions may not be suit- 
able; the results may be seriously distorted by age-mis- 
reporting and the reference period to which the 
estimates apply is generally ambiguous under changing 
demographic conditions. The approach cannot be con- 
sidered suited for meeting the needs for mortality 
information in any but the most data-scarce circum- 
stances. 

All of the above-mentioned techniques have been 
treated rather briefly in this overview. Fuller discus- 
sions appear in the following chapters and a detailed 
description of methods of calculations for these tech- 
niques is given in a recent United Nations publica- 
t i ~ n . ~  

Related methods of analytical adjustment 
and assessment of data 

No matter which method is chosen, the collected 
data must be analysed to determine their quality. Mor- 
tality and population data can suffer from a variety of 
limitations, for example, omission of events or per- 
sons; inclusion of out-of-scope events, such as those 
which did not occur within the time period or the geo- 
graphical area being covered; misstatement of charac- 
teristics of persons, such as age, occupation or place 
of residence. They can also suffer from inconsistencies 
between recording these characteristics in the death 
record and the population record, either because of an 
error in one or the other or because a characteristic 
changed between the time of recording of the popula- 
tion and the death. 

Because of these errors, evaluation and, if neces- 
sary, adjustment of the data are always necessary. The 
evaluation and adjustment procedure is essentially one 
of examination of the data for consistencies and incon- 
sistencies. The evaluation and adjustment procedures 
can take place on a microlevel, that is, by examination 
for consistencies and inconsistencies within individual 
records, or on a macrolevel, by examination of tabula- 
tions cross-classified for various characteristics. In 
addition, the data can be evaluated internally with 
respect to the data. themselves or externally with 



respect to other data systems or with demographic 
models. 

Microlevel analysis takes place most often with 
respect to surveys and censuses, although there is 
nothing in its nature to limit its use with respect to vital 
records. It involves essentially the examining of each 
individual record for omitted data or inconsistent data. 
Examples of these errors, which may occur at either 
the interview stage, the recording stage or the coding 
stage, might include codes out of range or omitted- 
e.g., a 15-year-old girl recorded as having five live 
births or more children recorded as surviving than as 
children ever born. The data may be adjusted by 
imputation, recoding according to some external or 
internal model, or by reinterview. 

Microlevel evaluation can also take place through 
matching surveys. The case-by-case matching of indi- 
vidual records is made with records from a separate 
data system. Through matching of records, events can 
be located which were omitted from each of the sys- 
tems and new records, therefore, added. There are 
various examples of this type of exercise. The survey 
carried out in Egypt in 1974-1975, and referred to in 
the country statement submitted to the Working 
Group, is an example of this approach. In Costa RicaIo 
also, the death records in the civil registration system 
were evaluated by case-by-case matching with hospi- 
tal records. Deaths were uncovered in the hospital 
records which did not appear in the vital records sys- 
tem. It was possible not only to add these records to 
the civil registration but to determine information on 
the completeness of the registration system and of 
delays in recording of events. Similar evaluations have 
taken place in, for example, Sri Lanka" and the Philip- 
pines,'* in which surveys have queried births and 
deaths in the previous months for the purpose of 
estimating completeness by matching to civil records. 
In Thailand,13 during the period 1965-1%7 and again 
during 1974-1976, nationally representative surveys 
were carried out to record births and deaths. The 
results of these surveys were matched with the vital 
registration system, estimates were obtained both of 
the completeness of the survey and of the civil regis- 
tration, and accurate life tables were constructed. In 
Iran" and in Nepal,15 as a part of demographic sur- 
veys, a second enumeration was undertaken in a sub- 
sample; and after case-by-case matching, estimates 
were made of the extent of omissions in the survey 
proper. The best-known example of matching surveys 
is probably the continuous Sample Registration Sys- 
tem, which has been ongoing for over a decade in 
India. l6 

For the macrolevel approach to data evaluation and 
adjustment, rather than investigating individual 
records, such summary measures as means and dis- 
tribution are examined. Tests are again those of inter- 
nal consistency and external consistency. Internal 
consistency checks might involve examination of 
recorded age patterns of mortality: determination of 
whether they follow usual patterns or show evidence 

of underrecording for certain age groups. Omissions or 
age-misreporting often distort the pattern, particularly 
for the youngest and oldest age groups; and it may 
therefore be desirable to adjust certain segments of the 
age span based on models or other data. Similarly, 
data can be tabulated by sex or geographical area to 
determine if recorded differentials are as expected. 
This latter procedure was camed out as part of the 
analysis of the Rural Demographic Survey of ~iger ia"  
and it was possible to locate several areas where enu- 
meration of events was less satisfactory. However, in 
the case of surveys, these procedures must often be 
undertaken with great care as sampling error can often 
limit such diagnostic use of the data. 

Methods developed based on the consistency of 
population and death distributions are also important 
for evaluating completeness of death recording in vital 
registration systems and possibly in sample surveys 
when the effect of sampling fluctuations is not too 
great. These methods provide estimates of complete- 
ness under the assumptions of non-differential omis- 
sion of deaths by age and of a clcsed population. The 
most important variations of this method are probably 
those developed by Brass, by Preston and by Bennett 
and Horiuchi." 

The indirect retrospective questions also have their 
own internal checks. Data on children ever born and 
children surviving can be tabulated by sex, for exam- 
ple, and the sex ratio at birth by age group of women 
andlor by duration of marriage group can be exam- 
ined. '' Proportions dead by sex can be examined simi- 
larly. The implied time pattern of mortality change can 
also be examined. In fact, tabulations for various pop- 
ulation groups can be made to search for unusual, 
unlikely differentials. 

Similar checks are available for orphanhood and 
widowhood data, although with respect to the orphan- 
hood approach, examination of results based on male 
respondents and female respondents separately may 
give further assurance of consistency. 

External checks are essentially comparisons of the 
recorded mortality data with those collected by 
another data-collection system or by another method 
within the same system. This process involves com- 
parisons of levels and age patterns of mortality from 
vital registration systems with those available from 
both direct and indirect questions in surveys. Com- 
parison of vital registration data on deaths under ages 
2 , 3  or 5 years with corresponding estimates from data 
on children ever born and children surviving can be a 
valuable tool for evaluating the completeness of vital 
registration systems.20 In addition, Hill2' and ~ r r e t x ~ ~  
show, in their analyses of survey data from Honduras, 
the value, for analytical purposes, of adding retro- 
spective questions to prospective surveys for mutual 
comparisons and best estimation of demographic vari- 
ables. 

Other types of external consistency checks necessi- 
tate comparative examination of the age distribution of 



the population with recorded birth and deaths. (When 
all of these characteristics are collected within a sur- 
vey, one may consider these checks to be internal). 
This question concerns whether recorded births and 
early age deaths are consistent with the recorded pop- 
ulation at the young ages. The quality of death statis- 
tics in Jordan was evaluated through just such an 
approach.'' Conclusions can be drawn from these 
types of calculations only with great care because 
inconsistencies do not necessarily inform the analyst 
which components are wrong (mortality data, fertility 
data or age distribution data), nor do consistencies 
necessarily indicate accuracy of the data as errors in 
two components can counterbalance each other. In 
addition, international migration can effect compari- 
sons, unless data are available to allow necessary 
adjustment. 

Mortality data collected from vital registration sys- 
tems or surveys can also be compared with model life 
tables such as the new United Nations modelsz4 or the 
Coale and Demeny models,*' with corresponding 
estimation of mortality based on stable-population 
analysis or intercensal-survival analysis. 

In summary, a large variety of demographic tech- 
niques is available for adjusting and evaluating col- 
lected mortality data. None of the techniques is 
perfect; all are essentially diagnostic in that they give 
the analyst clues as to the strengths and weaknesses of 
the data, in which circumstances the data can more 
safely be used and in which circumstances less safely. 
In the final analysis, however, collected data, even 
after adjustments, must be considered in the face of 
their inherent plausibility. Are the estimated mortality 
measures reasonable for what is known of the health 
conditions of the country? Do the estimated mortality 
measures differ very much from otherwise similar pop- 
ulations? 

C .  FACTORS TO BE CONSIDERED IN PLANNING 
COLLECTION EFFORTS 

A number of factors ought to be considered when 
planning the collection of mortality data. These factors 
include the purposes for which the data are needed, 
the general level and pattern of mortality in a country; 
previous national experience in census-taking, civil 
registration and sample survey; the level of develop- 
ment and pattern of organization of the statistical, 
health and other concerned services of a country; the 
intrinsic features of the basic methods and major vari- 
ants for obtaining, assessing and analysing mortality 
data; and the resources available to carry out any data 
collection involved. Sometimes a careful considera- 
tion of these and other pertinent factors (for example, 
when the data are needed or special obstacles to data 
collection) may lead to a decision that the collection of 
new mortality data is not the best way of proceeding. 

For example, in some circumstances, the desired 
information, or some acceptable approximation of it, 
may be obtained from the further analysis of one or 

more data sets that are already available. Frequently, 
such an effort involves the use of one or more of the 
techniques discussed in the previous sections. 

On the other hand, where new or improved datd-col- 
lection efforts are required, no single data-collection 
method can be recommended in all circumstances. 
Each of the three basic methods-census, civil regis- 
tration and sample survey-has advantages and limita- 
tions. To be most effective, they must be used in 
concert to gather the various types of data needed for 
policy-making, administration and research; to pro- 
vide mutual cross-checks on the accuracy and the 
completeness of coverage; and to collect the combina- 
tions of data that are needed to apply some of the ana- 
lytical techniques. 26 

Although no single best method for obtaining mor- 
tality data can be specified, some indication of the rel- 
ative strengths and weaknesses of the population 
census, the civil registration system and the sample 
survey, in terms of seven specified criteria, is provided 
in table V.2. A more detailed summary of the advan- 
tages and limitations of these three basic sources is 
given in table V. 3. 

In both tables, the relative advantages of the three 
basic sources are shown to be complementary: where 
one is strong, another is weak. For example, sample 
surveys can be designed to obtain wide varieties of 
data with rich content and they can be designed to col- 
lect the data relatively accurately. Because they are 
small, they can be done fairly inexpensively and can 
provide timely data; but for the same reason, they fail 
to yield precise estimates for geographical and other 
subgroups. This last criterion, on the contrary, is the 
chief virtue of complete censuses (although censuses 
are by no means immune to coverage problems them- 
selves). Censuses (and well-developed civil registra- 
tion systems) tend to produce better coverage of the 
population than do sample surveys, which often suffer 
from higher non-response (although non-response lev- 
els vary greatly between surveys and among individual 

TABLE V.2. INTRINSIC CHARACTERISTICS OF THREE BASIC SOURCES 
FOR PROVIDING DATA NEEDED TO ESTIMATE MORTALITY 

Criteria Census Civil reaistration Sample survey 

Topical detail (richness 
and diversity of sub- 
ject-matter) ....... Moderate Weak Strong 

Accuracy . ... .. .. .. . Moderate Strong Moderate 
Precision (absence of 

sampling errors) . . . Strong Strong Weak 
Timeliness of data . . . . Weak Strong Strong 
Geographical detail 

(subgroups etc.) . . . Strong Strong Weak 
Obtaining information 

on population at risk . Strong a Strong 
Ease of organization in 

a develooine countrv Moderate Weak Strong 
SO=: See table V.1. 
=In general, civil registration systems do not provide information 

on the population at risk. However, for some measures, such as 
infant mortality, civil registration systems do provide data on the 
population at risk. Also, historical analysis is possible when civil 
registration data from earlier periods are available. 



TABLE V.3. SOME ADVANTAGES AND LIMlTATIONS OF POPULATION CENSUSES, CIVIL REGISTRATION 

SYSTEMS AND SAMPLE SURVEYS 

Data-coilecrion 
method Advantages Limitations 

Population census . . 1. Data can be tabulated for many 1. Infrequent 
local geographical areas 2. Limited range and depth possible 

2. Detailed cross-tabulations are in the collection data on fertility 
not subject to sampling errors and mortality as well as on classi- 
for complete-count items and fying variables 
are subject to relatively low 3. Information on "flow" variables 
sampling errors for sample (for example, income or deaths) 
items and data from proxy respondents 

3. Simultaneously obtains infor- are subject to increased level of 
mation related to enumerated response error 
events and population at risk 4. Persons not at their usual place of 

4. Useful for time-series covering residence are subject to high non- 
long periods of time response rates (not a problem in 

de facto censuses) 
5. Comparatively difficult to control 

conditions of observation (be- 
cause it is extensive in space) 

6. Costly and massive in scale so 
relatively inflexible 

Civil registration sys- 
tem . . . . . . . . . . . . 1. Data can be tabulated for many 1. Need for separate estimated pop- 

local geographical areas ulation at risk 
2. Detailed cross-classifications, 2. Limited range and depth possible 

including deaths by cause, are in the collection of data for most 
not subject to sampling error classifying variables 

3. If properly functioning, pro- 3. Relatively inflexible to changes 
vides contemporaneous report- in content and procedures 
ing for substantially all events 4. Very difficult to administer and 
regardless of household status supervise (because extensive in 

4. Institutional continuity both time and space) 
5. Well-suited for providing both 5. Difficult to establish occurrence 

long-term and short-term time of events when deaths (or know- 
series ledge of them) are not associated 

with persons who can serve as 
informants (for example, health 
workers or religious personnel) 

Sample surveys . . . . 1. Simultaneously obtains infor- 1. Inability to produce estimates for 
mation relating to enumerated local areas 
events and population at risk 2. Detailed cross-classifications are 
(with the exception of surveys subject to large sampling errors 
conducted as parts of dual- 3. Information on "flow" variables 
record systems) (for example, income, deaths) 

2. Topical flexibility (that is, the and data from proxy respondents 
depth and range of topics inves- are subject to increased levels of 
tigated can be altered relatively response error 
easily) 4. Coverage for the non-household 

3. Conditions of observation are population is very poor and it 
subject to control because of varies markedly for those who 
the limited geographical scope are not members of a primary 
of collection operations (that is, family (for example, members of 
because a sample is employed) secondary families, secondary 

4. Relatively easy to initiate, persons and distant relatives of 
given availability of a survey- the household head) 
taking infrastructure 5. Comparisons over time of esti- 

5. Can be useful for time-series mates based on different ad hoe 
analysis, given comparability in surveys are subject to many 
data collected uncertainties 

6. Requires close supervision of 
field-work. 

Source: See table V.1. 

items in surveys). Because censuses are large and Civil registration systems have a different mix of 
expensive, however, they are not conducted fre- advantages than either surveys or censuses. Once 
quently and often produce data that are partially established, civil registration systems can be inexpen- 
obsolete because of the time required for collecting sive to maintain if some of the costs are considered 
and processing the data and disseminating the results. necessary for administrative purposes, although to 
To obtain either rich or accurate data from a census is date this is the case in only a few of the developing 
often not feasible. countries. Moreover, civil registration systems can 
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yield precise and detailed information about mortality 
levels around census dates or whenever other good 
estimates of the base population are available. 

Registration systems can have another important 
advantage over censuses and most sample surveys in 
that under registration systems, it is possible to take 
maximum advantage of the medical certification of 
cause of death. It must be stressed that this potential 
advantage is not realizable today in most developing 
countries, since many deaths go unregistered and 
many of the registered deaths are not medically 
attended. Nevertheless. in those instances where 

sus, the civil registration system and any surveys used 
to provide mortality data should correspond with one 
another as closely as pos~ible.~' In the context of mor- 
tality estimation, common, or at least compatible, 
approaches to age-group classifications, household 
and residence definitions, and urbanlrural and other 
area classifications are particularly critical. Also of 
importance are the concepts and classifications used in 
connection with questions on family relationships, 
marital status, and children ever born and children sur- 
viving. 

users wish to make use of  mortality data by cause of 
death, careful attention should be given to the use of D. SOME FACTORS TO BE CONSIDERED AT THE 

data from the current or an improved civil registration ANALYSIS STAGES 

system. 
Sample surveys are an important tool for obtaining 

mortality data and for carrying out demographic 
research at all stages of statistical development. How- 
ever, it is a mistake to think of them primarily as an 
interim means of supplying data in the absence of a 
reliable civil registration system. Undoubtedly, sur- 
veys can be used for this purpose but they can never 
adequately meet the range of needs served by a 
national civil registration system. By the same token, 
even with the most complete and comprehensive civil 
registration system it is essential to continue an active 
programme of sample surveys. 

As mentioned earlier and described in more detail in 
a number of the other papers, variants of the three 
basic sources can be used or two or more sources can 
be used jointly at the collection or analysis stage. For 
example, in the case of the census, some items may be 
obtained only for a sample of persons, dwellings or 
areas; or the continuous recording of deaths (and 
births) may be attempted in a national sample or a 
local study area. These hybrid variants tend to fall 
between the basic sources from which they are formed 
in terms of the advantages and limitations indicated in 
tables V.2 and V.3. 

On the other hand, other kinds of joint uses result in 
a clear gain in what is obtainable from any one source. 
For example, surveys are a valuable means of testing 
questions for possible use in censuses, and censuses 
and surveys can be used to estimate the completeness 
of a national civil registration system. Such estimates 
of completeness are not only of substantive impor- 
tance but may help to spur the further improvement of 
the civil registration system. 

In these circumstances, a co-ordinated approach to 
data collection is essential because it allows the inher- 
ent or temporary deficiencies of any one method to be 
counterbalanced by the comparative strengths of 
another. This is as true for countries that have reached 
a comparatively advanced state of statistical develop- 
ment as it is for countries in which one or more of the 
data-collection systems is limited in geographical 
scope, seriously deficient in coverage or otherwise 
functioning inadequately. For best results, the con- 
cepts, definitions and classifications used in the cen- 

Combination of data from different sources 

In addition to the joint use of data derived from dif- 
ferent sources in the estimation of mortality, multiple 
data sources can be used to further the analysis of 
mortality data in other ways. Perhaps the most irnpor- 
tant is the possibility of constructing a data base or 
data file that contains information derived from two or 
more sources. In the case of mortality studies, this 
procedure generally involves linking information con- 
cerning individual deaths (from a civil or special regis- 
tration system) with other information pertaining to 
the deceased person (from a census, a sample survey 
or from one or more other administrative reporting 
systems). The additional information may, for exam- 
ple, relate to the circumstances of a deceased child's 
birth; the household, family or occupational charac- 
teristics of the deceased; or data pertaining to covered 
disabilities of the deceased as recorded in national 
social insurance schemes. 

Three broadly different methods, referred to as 
"aggregate linking", "exact matching" and "statisti- 
cal matching" in a recent United Nations publica- 
tion,% are available for such linkages. The first 
method, the simplest but least powerful, involves 
estimating certain cross-tabulations when certain mar- 
ginal distributions are known.29 Exact matching can be 
an important tool for mortality studies3' but the pro- 
cedure can be expensive and very time-consuming, 
particularly when precise identifiers are not available. 

The third method, 'the so-called "statistical match- 
ing", is a newer procedure that has not yet been used 
in mortality studies. It permits the construction of 
microlevel data files on the basis of information in two 
or more data files that cannot be linked (for example, 
because of confidentiality restrictions or because each 
file represents an independent sample of the same pop- 
ulation). As with any analytical procedure, consider- 
able care must be exercised to ensure that basic 
assumptions of the procedure shall not be violated. 
Furthermore, experience from statistical matching 
efforts in other fields indicates that, in some cases, 
substantial time may be required to prepare the indi- 
vidual data files used in the statistical-matching pro- 
cess. Further information about this procedure is 



contained in the United Nations report3' referred to 
above, which also contains an extensive bibliography 
and a number of examples of how the procedure has 
been used in different countries. 

Uses of mortality data in light of data errors 

The ultimate purpose of studies of mortality is the 
discovery of the determinants of mortality and the ini- 
tiation or evaluation of policies and programmes to 
reduce it among all population groups. Mortality sur- 
veys and registration systems do not provide direct 
information on determinants of mortality; rather, they 
inform on levels, trends and differentials in mortality. 
As outlined in the previous sections, some data-collec- 
tion approaches are preferable to others, depending 
upon which of these three, or combinations of these 
three, components of mortality study are of greatest 
interest. 

Most data-collection systems are better at estimat- 
ing levels of mortality than trends or differentials. This 
is partially because the methods of data evaluation and 
adjustment outlined above are mainly applicable for 
the study of mortality levels either because they are 
not sufficiently robust to pin-point mortality changes 
or because their underlying assumptions do not hold 
for subgroups. 

For the measurement of levels of mortality, specific 
indicators, such as the crude death rate, infant mor- 
tality rate and life expectancy at birth, are generally 
calculated. The crude death rate is certainly the easiest 
to calculate; but because of the age-distribution effect, 
it is not always a useful measure for understanding 
mortality processes. The infant mortality rate and life 
expectancy at birth are also easy to calculate; but they 
depend upon age statements of reasonable accuracy, 
and in the case of direct questions in surveys (deaths in 
the past months), upon samples of reasonable size. 

When measuring trends and differentials, the prob- 
lems of sample size become more important as does 
consistency of age-reporting and other characteristics 
over time and amongst population groups. Differences 
measured over time and amongst groups are often 
small in comparison with population and sampling 
variance of the difference. Consistency is also a factor. 
Changes in time or differences among groups in age- 
reporting can lead to erroneous conclusions about dif- 
ferentials. Even more important may be inconsisten- 
cies in reporting of other characteristics between 
population and death records, between groups and 
over time. Characteristics reported in censuses and 
vital registration systems can vary due to differences 
in recording, different definitions or accuracy. Differ- 
ential omission of events between population groups 
or over time can also bias results. 

There are a number of different approaches to mor- 
tality measurement, each with its own mix of strengths 
and weaknesses for the various purposes for which 

mortality information is needed. There is no one 
approach that meets all needs and is universally 
applicable; the different approaches should rather be 
seen as complementing one another in providing for 
the full range of requirements. It should not, however, 
be regarded as an immediate priority for all countries 
to deploy the full battery of approaches; decisions 
should be taken on the basis of the urgency of the need 
for particular types of information and of the feasi- 
bility, given the data-collection context, of implement- 
ing particular approaches. This consideration is 
particularly applicable to the civil registration system. 
In addition, smaller scale samples or laboratory-like 
surveys provide for needs in terms of depth and detail 
that cannot be met in other ways, and their value is 
independent of other available data sources. 

In summary, there is no one best source for obtain- 
ing mortality data, no one best design for applying any 
given data-collection method and no one best method 
for analysing and assessing the results obtained. If all 
users with important needs for mortality data are to be 
effectively served, attention and resources must, at 
least over the longer run, be directed to a balanced 
programme of upgrading census, registration and sur- 
vey capabilities and activities within developing coun- 
tries. This balanced programme will vary among 
countries because priorities, time constraints on data 
needs and planning horizons differ. Even those plan- 
ning a specific collection effort will do well to consider 
the full range of collection and analytical options open 
to them in the light of their specific needs and circum- 
stances. A realistic view must also be taken of the like- 
ly effects of data errors on the approaches being 
considered, efforts made to minimize the errors at 
both the collection and the processing stages, and 
thought given to the possibilities for internal and exter- 
nal evaluation and adjustment of the results. 
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VI. ADVANTAGES AND DISADVANTAGES OF CONTINUOUS REGISTRATION 
SYSTEMS FOR NATIONAL, SUBNATIONAL AND DIFFERENTIAL MORTALITY 
ANALYSIS * 

Zwao M .  Moriyama * * 

For many years, there was only one recognized way 
of producing vital statistics, namely, from birth and 
death records filed for legal purposes. This limited 
view was held despite the fact that the statistics 
derived from these documents in the developing coun- 
tries were generally so incomplete as to be of little or 
no value. 

Shortly after the Second World War, there arose in 
developing countries a demand for birth and death sta- 
tistics for planning, administration and evaluation of 
health programmes; measurement of population 
growth for family planning programmes; and for 
national social and economic development planning 
purposes. Because the then current civil registration 
systems were incapable of providing the needed statis- 
tics, other ways and means were sought to estimate 
demographic parameters, leading to the application of 
retrospective survey methodology and the develop- 
ment of indirect methods of estimating fertility and 
mortality rates. The availability of these methods for 
estimating birth and death statistics naturally raises 
questions about the value of civil registration data for 
statistical purposes. 

It is the purpose of this chapter to discuss the advan- 
tages and disadvantages of the current continuous 
death registration system as a source of data for differ- 
ential mortality analysis and other mortality studies. 
To provide a proper perspective to the problem, a his- 
torical background relating to the development of mor- 
tality statistics is first given; it is followed by brief 
discussions of the death registration process and the 
uses of both individual records and statistics derived 
from the death certificate. Then the advantages and 
disadvantages of the continuous registration system 
for the production of national mortality statistics are 
presented. 

A. HISTORICAL DEVELOPMENT 

The forerunner of the current civil registers were 
ecclesiastical registers, in which weddings, baptisms 
and burials occurring in the parish were recorded. The 

*The original version of this chapter appeared as document IESA/ 
PIAC. 1716. 

**Deputy Executive Director, International Institute for Vital 
Registration and Statistics, Bethesda, Maryland, United States of 
America. 

earliest known compilation of bills of mortality was 
issued in 1532. These bills were weekly lists of burials; 
and they included the name of the deceased, the parish 
in which the burial took place and the cause of death, 
with particular reference to the plague. The cause of 
death was determined by the searcher after she had 
viewed the body. In the more difficult cases, the 
searcher consulted a physician. The searchers made 
their reports to the parish clerk, who prepared an 
account of all the burials every Tuesday night. On 
Wednesday, the general account was made up and 
printed. On Thursday, the bills were distributed to 
subscribers who paid 4 shillings for an annual sub- 
scription. 

More than a century later, John Graunt conceived of 
the idea of utilizing the London bills of mortality for 
analytical studies,' which were published in 1662. 
Despite medical progress, the diagnostic quality of the 
bills did not improve. Also, interest in the old bills 
waned. Clerks of many parishes failed to report or 
reported only irregularly. Even when complete, the 
bills gave no information about the population of 
towns and counties. 

In 1837, the Registration Act was passed in England, 
with provisions for the inquiry into the causes of all 
deaths occurring in the population. In 1839, William 
Farr was appointed compiler of abstracts in the Regis- 
trar General's mice,  and he, probably more than any- 
one else, developed and analysed mortality statistics 
to delineate the sanitary and health problems of the 
day. ~ a r r ~  reported on life and death in England, on 
the possibilities and difficulties of extending human 
life, on the effects of sanitation on mortality, on mor- 
tality and the economic situation, mortality and the 
water-supply, urban and rural mortality (pointing out 
healthy and unhealthy districts), mortality at different 
ages by sex, mortality of illegitimate infants, and on 
other topics. 

Traditionally, official mortality statistics have been 
derived from the death record filed in compliance with 
the requirements of the civil registration laws to pre- 
vent the illegal disposition or transportation of a dead 
body. In other words, death statistics are, by and 
large, by-products of a legal process. An exception to 
this situation has been the attempt to collect national 
death statistics in the United States of America by the 
enumeration method in conjunction with the decennial 



population censuses from 1880 to 1900. It should be nal death certificates are bound into books and filed 
noted that death registration laws were already in permanently for legal purposes. Provisions safeguard- 
effect in all the states at that time. However, it was felt ing the confidentiality of information in these docu- 
that the registration coverage was not sufficiently ments vary, depending upon the country. However, 
complete for the compilation of national mortality sta- certified copies of the record are generally issued to 
tistics. Therefore, census interviewers were used to individuals upon request. 
collect, on a retrospective basis, information on deaths 
that occurred in the household over a period of a year. 
Unfortunately, the Census approach yielded fewer C .  USES OF DEATH RECORDS AND STATISTICS 
deaths than were abstracted through the death regis- 
tration process in the states with reasonably good 
registration systems. The census enumeration pro- 
cedure was therefore abandoned after the 1900 census, 
and the United States Death Registration Area was 
formed specifically to provide national mortality sta- 
tistics. 

It was not until after the Second World War that 
developing countries felt an acute need for adequate 
mortality statistics. Death registration data were then 
found wanting, with little possibility of rapid develop- 
ment of the registration system. Other methods were 
therefore sought to produce mortality data. The result- 
ing research efforts led in two general directions, one 
being direct methods of estimation utilizing field sur- 
veys or a combination of registration and surveys, and 
the other techniques of estimation utilizing indirect 
indicators of mortality. 

B . SOME ASPECTS OF THE DEATH 
REGISTRATION  PROCESS^ 

The legal base for death registration is some type of 
civil law on registration which establishes the com- 
pulsory nature of and the requirements for registration 
of ocaths. The law designates the person responsible 
for registration and the place of registration, and pre- 
scribes the time allowed for the registration of the 
event, the fees required, if any, and the penalty for 
failure to register. 

In most countries, the responsibility for the registra- 
tion of a death rests with a relative or the head of the 
family or of the household. Data concerning the 
deceased are obtained from the informant prior to or at 
the time of the registration. These data usually include 
the time and place of death, personal characteristics of 
the deceased; and characteristics of the parents, the 
attendants at the death, the informant, the witnesses 
and the registrar; and the method of interment. 
Another important datum is provided by the medical 
attendant, if any, or by the medico-legal authority, on 
the cause of death. 

In most countries, the legal record, usually in the 
form of books of actas, is brief. For statistical pur- 
poses, additional information is collected from the 
informant at the time of registration. The legal record 
is placed in a permanent repository, while the statisti- 
cal transcript is transmitted to the government agency 
responsible for vital statistics. 

In other countries, the legal and the statistical forms 
are combined into a single death certificate. The origi- 

The death record provides a proof of death for burial 
or other means of disposition of the remains, for the 
settlement of life insurance and social insurance claims 
and for the adjudication of property ownership and 
inheritance claims. It also provides legal evidence of 
the right of a surviving spouse to remarry. The death 
record has also been used for clearing various types of 
files, such as social security files, disease case regis- 
ters, electoral lists, bank accounts and missing persons 
files. 

The death record has been useful in health pro- 
grammes in identifying cases of certain infectious dis- 
eases. In some countries, death certificates of those 
dying from specified infective and parasitic diseases 
are routinely referred to the programme unit con- 
cerned with their control. Death certificates are also 
used for investigations into causes of infant and mater- 
nal deaths, and as a source of data for various types of 
epidemiological studies. 

Official mortality statistics derived from death 
records are used extensively for demographic studies 
and in public health programmes. These studies may 
deal with mortality differentials by age, sex, occupa- 
tion, socio-economic characteristics, etc.; or they may 
deal with the demographic characteristics of the 
deceased to eliminate the effects of age, sex and eth- 
nicity for studies of mortality-risk factors. For public 
health purposes, the statistics on causes of death fig- 
ure prominently. Death statistics have long been used 
as indicators of health, as measures of the magnitude 
of health problems and for the evaluation of health 
programmes, despite certain limitations of mortality 
data for this purpose. The availability of mortality sta- 
tistics on a routine basis for the various political sub- 
divisions of a country is of central importance to the 
utilization of death statistics for these manifold pur- 
poses. 

An important use of mortality statistics is in the 
study of determinants of disease. For example, Pool 
and Chan4 observed the differential decline in the 
tuberculosis mortality rate for the Maoris and 
attributed the decline to the disadvantageous position 
of the Maoris in New Zealand society until the 1940s. 
Poverty, poor diet and failure to seek medical treat- 
ment were cited as causes of the high mortality rate for 
the Maoris; and the decline was attributed to improved 
medical technology in the post-war period. Mass X- 
ray campaigns and the use of antibiotics were said to 
have contributed to the accelerated rate of decline. 

Another example may be cited as a result of post- 
war experiences in a number of countries where 



national malaria control programmes were carried out 
and where significant reductions in the general mor- 
tality rate occurred. Data for six countries where such 
programmes had been in operation for at least five 
years and for which adequate data were available 
showed that in all the countries a rapid decline in the 
crude death rate and in the infant mortality rate inva- 
riably followed the countrywide application of 
dichlorodiphenyltrichloroethane (DDT). The decline 
in mortality was most striking in Sri Lanka, where the 
crude death rate dropped from 20.3 to 14.3 per 1,000 
population in a single year, 1946147, after the beginning 
of the malaria eradication programme. Although there 
appeared to be little question about the dramatic 
decline in mortality in Sri Lanka, there was not general 
agreement as to the cause of the reduction. ~ e e g a m a ~  
attributed part of the decrease to malaria control and 
the rest to the establishment and provision of health 
and medical services. Fredericksen7 found similar 
mortality reductions in nonmalarious areas not pro- 
tected by pesticides, and concluded that the decline in 
mortality was associated with economic development 
and the consequent rise in the level of living. New- 
man,8 on the other hand, took the position that it was 
not possible to disentangle the effects of the various 
factors that were operating at that period. 

There are many other examples of epidemiological 
studies based on official mortality statistics. A study9 
was made of cancer mortality in countries where cer- 
tain industries were located; and excessively high 
death rates were found for bladder, lung, liver and cer- 
tain other cancer sites in 139 countries where the 
chemical industry was centred. In another study,1° 
lung cancer mortality in counties in the United States 
of America where paper, chemical, petroleum and 
transportation industries were located was compared 
with that for adjacent counties where there were no 
such industries. Excessively high lung cancer death 
rates among males were observed in the counties 
where these industries were located, which may ac- 
count for part of the rapid rise of lung cancer reported 
for the southern coastal counties in the United States. 
It was suggested that these particular industrial opera- 
tions should be studied to ascertain the aetiology of 
lung cancer. 

In the studies described thus far, the observed 
changes and differentials resulted in inferences leading 
to hypotheses about disease causation. There are also 
studies that begin with a hypothesis about a disease 
and accumulate data to test it. For example, in an 
effort" to ascertain whether naturally occurring 
asbestos resulted in increased risk of cancer mortality, 
the various counties in the United States with asbestos 
deposits were identified. Each of these counties was 
then matched with two others in the vicinity that did 
not have known asbestos deposits. The comparison of 
cancer mortality rates for the two sets of counties gave 
no evidence that naturally occurring asbestos is a haz- 
ard to the general population. 

All the studies that have been cited have one charac- 
teristic in common: the investigations are based on tra- 

ditional or official mortality statistics. As such, the 
data represent the result of various forces of mortality 
impinging on the general population as well as the 
special risk factors. Therefore, it is not possible to 
determine the effect of any particular factor. How- 
ever, descriptive epidemiology is valuable in suggest- 
ing hypotheses or leads for further investigation. 

For the testing of epidemiological hypotheses, it is 
necessary to include in the study measures of specific 
risk factors. This is the basis of the case control or the 
retrospective epidemiological study and the prospec- 
tive epidemiological study. 

In case-control mortality studies, the death certifi- 
cate is employed to identify cases of a specific disease 
for retrospective epidemiological study. A follow-back 
is made to a data source for retrospective information 
on the specific aetiological factor under study, and a 
comparison is made between the exposed and the con- 
trol group to establish whether the factor is associated 
with one group and not with the other. In this manner, 
retrospective studies12 have been made of leukaemia 
and childhood exposure to X-rays, using the death cer- 
tificate as the starting-point for the study. More 
recently, a case-control study'' was undertaken to 
identify the factors associated with the unusually high 
lung cancer death rate among the male residents of 
coastal Georgia. It was found that the increased risk 
was associated with employment in the shipyards dur- 
ing the Second World War. It was also found that ciga- 
rette smoking produced a synergistic effect. The 
findings suggested that exposure to asbestos and pos- 
sibly to other materials during wartime employment 
accounted for part of the excess mortality from lung 
cancer in the south-eastern coastal areas of the United 
States of America. 

Prospective studies begin with a hypothesis about a 
disease and data are collected for two defined popula- 
tions, the "experimental" group and the comparison 
or "control" group. These two population cohorts are 
then followed until an event (i.e., death in the case of 
mortality studies) occurs. The use of matched con- 
trols, that is, two populations similar in all controlled 
characteristics except for the factor being tested, pro- 
vides a stronger base than retrospective studies for 
showing the effects of risk factors on mortality from a 
particular disease. Follow-up studied4 or mortality 
from lung cancer among asbestos workers found lung 
cancer to be a specific environmental hazard of certain 
asbestos workers. A number of studied5 on smoking 
and lung cancer were conducted on a prospective 
basis, as is the still ongoing investigation16 of the 
delayed effects of ionizing radiation from the atomic 
bomb explosions at Hiroshima and Nagasaki. None of 
these studies would be possible without access to 
death records. 

D. ADVANTAGES OF A CONTINUOUS 
REGISTRATION SYSTEM 

A major advantage of a continuous registration sys- 
tem is the fact that once the system has been 



established on an adequate basis there will be a contin- 
uous flow of death records from the local registration 
units to a permanent repository to serve legal pur- 
poses. This flow makes possible the transcription or 
transmission of copies of death records to a central 
agency for data processing and statistical compila- 
tions. 

Registration data deal with the entire universe of 
events, and many of the needed statistics are readily 
available annually. This availability is an invaluable 
feature of registration statistics in providing detailed 
all-purpose reference tables for various segments of 
the population that can be tapped for specific studies. 
It makes possible the conduct of analytical studies on 
numerous topics, either on a cross-sectional basis or 
over a period of time. The availability of trend data is a 
very important advantage of a continuous registration 
system. 

The general availability of mortality data by various 
personal characteristics of the decedent, such as age, 
sex and ethnicity, for the country as a whole and for 
the different geographical divisions down to the small- 
est political subdivision, makes possible the utilization 
of mortality data for many purposes, as illustrated pre- 
viously. Shapirol' points out that for local health plan- 
ning purposes the availability of data for the past and 
present-and the likely availability for the foreseeable 
future-for geographically disaggregated levels down 
to subdivisions of a city makes up for many of the 
defects that may be present in mortality statistics. The 
question posed to the user of mortality data for plan- 
ning purposes is how to maximize the utility of this 
resource, although conceptual and technical issues 
still remain. 

The compiled data will, at least for developed coun- 
ties with well-established systems, generally be com- 
parable from place to place within a country, and from 
one time period to another. Such internal consistency 
is one of the remarkable characteristics of registration 
data. Also, because the definitions and classifications 
used in vital statistics are usually international in 
nature, there is a considerable amount of compara- 
bility in the data for the various countries. 

The availability of statistics on causes of death and 
the possibility of obtaining other medical information 
through the follow-back procedure make registration 
statistics virtually indispensable for public health and 
medical programmes. Even developing countries may 
be able to generate useful cause-of-death data through 
a system of lay reporting. This is not as far-fetched as 
it may sound because in developing countries a large 
proportion of all deaths occur in the childhood years, 
and the common diseases of childhood are sometimes 
recognized by the mother or present characteristic 
symptoms that the mother can describe. These cases, 
plus accidental causes, do not require medical training 
for an adequate description of the cause of death. 

It is difficult to ascertain the cost of registration sta- 
tistics because a large part of the collection cost is 
borne by the legal registration process. However, it is 

probably fair to say that the unit cost of registration 
data from an established system is considerably less 
than that of data obtained from interview surveys. 

The continuous flow of data on a permanent basis 
obviates the necessity of mounting periodic surveys 
with attendant high costs and possible changes in sur- 
vey personnel, objectives, procedures and definitions. 
In addition to the statistics, the death registration sys- 
tem provides death records which make possible the 
identification of deaths of persons for use in commu- 
nicable disease control and in other public health pro- 
grammes, such as those covering maternal and child 
health. It also makes available death records for retro- 
spective and prospective epidemiological studies. The 
General Register Office of England and Wales gives 
invaluable assistance in notifying epidemiologists of 
deaths occurring to members of a study cohort. In the 
United States, the National Center for Health Statis- 
tics is now establishing a national death index to pro- 
vide similar services to those engaged in scientific 
investigations. These services make it possible to con- 
duct epidemiological studies that would otherwise be 
impossible to carry out, except at exorbitant cost. 

E. DISADVANTAGES OF A CONTINUOUS 
REGISTRATION SYSTEM 

There are a number of possible disadvantages to a 
continuous registration system. In developing coun- 
tries, the most serious of these disadvantages is 
incompleteness of coverage. In most developing coun- 
tries, access to the local registration offices is difficult 
in the rural areas. In many countries, special problems 
are posed by nomadic and indigenous populations. To 
complicate matters still further, there is very little 
incentive to register vital events even if there is aware- 
ness of the need to register deaths. The absence of the 
need for death certificates and the lack of awareness 
on the part of the public of the necessity to register 
deaths have been cited by civil registration 
authorities1' as the greatest obstacles to registration 
improvement. Incomplete death registration, 
especially outside the major cities, is a primary imped- 
iment to the use of the data for mortality analysis. 
Another major factor is the quality of the local regis- 
tration personnel in developing countries. Sometimes 
they are scarcely literate; almost always they are inad- 
equately paid and untrained. As a result, the complete- 
ness and quality of the collected data are adversely 
affected. In addition, dealing with an illiterate popula- 
tion presents special problems in eliciting seemingly 
simple information, such as the age of the deceased; 
and the poor quality of the information concerning the 
characteristics of the deceased represents a further 
major complication in the use of the data for mortality 
studies. 

The monolithic nature of the registration system, 
dealing with the total population of a country, is a defi- 
nite disadvantage in any effort to make changes or 
otherwise to improve the system. Changes come slow- 



ly. The United States of America, an industrialized 
country with a literate population, took over 30 years 
to qualify all the states for the national death registra- 
tion area. 

In view of these problems, virtually all developing 
countries find themselves without adequate death sta- 
tistics in their period of greatest need for data for 
social and economic planning and for health planning 
and administration of health programmes. Some coun- 
tries are adopting other means of collecting data to fill 
the gap, while others are still struggling along with the 
registration of vital events. 

The continuous registration system offers data pos- 
sibilities that cannot be achieved in any other way. 
Single-round and even multi-round surveys have not, 
in general, been successful in obtaining adequate 
counts of deaths.I9 A discussion20 of the limitations of 
single-round surveys points out that mortality data for 
Algeria, the Niger, Uganda and the United Republic of 
Tanzania were never published because of the obvious 
defects in the information on deaths obtained from sin- 
gle-visit retrospective surveys. The basic problem is 
that it is extremely difficult to identify retrospectively 
persons who are no longer present. For example, 
deaths occurring in single-person households are not 
identifiable in retrospective surveys. Dissolution of 
the family or household may also occur upon the death 
of the head of the family or household, or of one of the 
spouses. In addition, there may be taboos or general 
reluctance about revealing the facts of death, 
especially to strangers. In all countries, it is difficult to 
obtain information on deaths of infants who die soon 
after birth. Other non-sampling problems also are 
encountered in social surveys, such as recall prob- 
lems, erroneous dating of events and misreporting of 
age. 

The indirect estimation methods are based on char- 
acteristics, mainly concerning the survival or other- 
wise of close relatives, of the living population 
obtained in a census or a survey. These data, such as 
proportions of surviving children of mothers at various 
ages or of persons at various ages with surviving moth- 
er, are transformed into mortality estimates for child- 
hood and adulthood. The results of indirect estimation 
techniques are subject to errors from the above-men- 
tioned non-sampling problems arising in census and 
social survey interviews. The validity of the estimates 
also depends upon the assumptions underlying the 
analytical development of the methods. In some cases, 
it is clear that the conditions were not met; while in 
others, it is difficult to judge the validity of the 
assumptions, although, in general, it has been found 
that typical deviations from the assumptions have only 
a modest impact on the estimates obtained. 

For countries with no data at all or very inadequate 
mortality statistics, even the limited mortality meas- 
ures provided by the combination of surveys and indi- 

rect estimation techniques are valuable for certain 
purposes. Also, estimates of the completeness of 
death reporting provided by indirect methods that 
have been developed2' are useful approximations for 
assessment purposes. On the other hand, it seems 
apparent that the limitations of the survey and indirect 
methods of estimation are such that they cannot ever 
provide the type and amount of statistical data that are 
obtainable from death registration data. The advan- 
tages for analytical purposes of the data provided by a 
continuous registration process are so substantial that 
other methods cannot be regarded as adequate long- 
term substitutes for death registration data, although 
in the short and medium terms such other methods 
may represent the only feasible source of mortality 
data for some countries. 

If there are no satisfactory alternatives to the contin- 
uous registration process, what are the possibilities of 
developing registration data within a reasonable time 
frame? This question is not easy to answer because 
there have not been outstanding developments in civil 
registration parallel to those in survey methodology 
and indirect estimation methods over the past 15-20 
years. Perhaps this is because changes and improve- 
ments cannot be obtained quickly in a continuous 
registration system. To try to establish and improve a 
national registration system is simply too large a task 
for the usual staff and budget. Also, some problems 
are amenable to solution and others are not, depending 
upon the state of social and economic development of 
the country. Problems of civil registration have been 
classified by LinderZ2 as follows: 

(a) Relatively intractable problems: problems that 
can be solved within the framework of long-range 
social and economic development, but can scarcely be 
solved by short-range actions taken within the civil 
registration system itself; 

(b) Problems that are soluble but require national or 
outside technical assistance funds; 

(c) Soluble problems: problems that can be solved 
within the national domain with relatively small finan- 
cial requirements. 

Instead of tackling all the problems at once, Linder 
suggests that certain tasks should be deferred. One 
approach to improving the data is the adoption of 
registration areas. For example, the death registration 
area was established in the United States in 1900, 
beginning with 10 states (out of 48) and the District of 
Columbia. As the states qualified by adopting a stand- 
ard death certificate form and by demonstrating that 90 
per cent or more of deaths were registered, they were 
included in the registration area. By 1933, the registra- 
tion area covered all the population in the country. 

For developing countries, a beginning might be 
made with the capital city and major efforts devoted to 
the establishment of a satisfactory death registration 
system. After the registration system in the capital city 
is deemed operational, efforts should then be trans- 
ferred, one by one, to the other major cities, leaving 
the difficult and sometimes sparsely settled rural areas 



to the last. A problem with this approach is that until 
coverage has become fairly extensive, the data will be 
limited to urban experience. 

Another possible approach is that suggested by 
~ a u s e r , ' ~  who proposed that a national sample vital 
statistics system be established comprising a sample of 
complete primary registration units or combinations 
thereof. This system would make possible the focusing 
of energy and funds on a limited number of primary 
registration units instead of dealing with all the units in 
the country at once. Data from a representative sam- 
ple are certainly more desirable than data limited to 
urban areas, but it would be more complicated admin- 
istratively to work on a number of non-contiguous pri- 
mary registration units simultaneously. In addition, a 
review" of the experiences of a number of countries 
undertaking sample registration projects observes that 
most of the recent sample registration schemes have 
departed from the original concept and have estab- 
lished a sample system independent of the existing 
legal system. This is an unfortunate departure in that it 
defeats the original purpose of obtaining continuous 
improvement in the registration system. 

As a strategy to improve civil registration in a coun- 
try, it would appear to be sensible to concentrate 
activities on problems most amenable to solution in 
geographical areas with the greatest population where 
government services are more likely to be available to 
the public. Because of the nature of registration prob- 
lems, a fully operational system cannot be expected 
overnight. A good deal of patience and persistence is 
needed. 

The development of a death registration system 
requires a satisfactory legal base and an administrative 
organization of local offices. It also requires the under- 
standing and co-operation of the public, of medical 
attendants and others in the healing arts, of hospitals 
and clinics, of undertakers and of those in charge of 
burial places and crematoria. An active and innovative 
programme is needed-not a passive waiting for death 
certificates to be filed. It is a long road to success but 
the reward at the end is worth while in terms of an 
invaluable data source to serve the health and demo- 
graphic needs of the country. 

Over the years, mortality statistics derived from the 
civil registration process have been used extensively 
for the delineation of public health problems and for 
various analytical studies for health and demographic 
purposes. In addition, the individual death record has 
been useful in identifying infective foci of disease as 
well as in the epidemiological studies of chronic dis- 
eases. Examples of various analytical uses of mortality 
statistics are also given. The most important feature of 
registration statistics is that they can provide detailed 
all-purpose reference tables annually, for various seg- 
ments of the population, which can be tapped for spe- 

cific studies. For public health purposes, a most 
valuable datum relates to causes of death. 

The continuous registration system offers data pos- 
sibilities that cannot be attained in any other way. On 
the other hand, death statistics for developing coun- 
tries are frequently of limited usefulness because of 
incompleteness of the registered events. The improve- 
ment of completeness and quality of official death sta- 
tistics in these countries is a difficult task requiring 
time and effort. Some suggestions have been made on 
steps that might be taken to develop and improve 
national death registration systems. 
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VII. USE OF SAMPLE REGISTRATION SYSTEMS FOR STUDYING LEVELS, TRENDS 
AND DIFFERENTIALS IN MORTALITY: THE EXPERIENCE OF INDIA* 

P. Padmanabha* * 

Mortality is one of the principal components of pop- 
ulation change. An accurate measurement of mortality 
is required in order to analyse the demographic status 
of a population and its potential growth, to meet 
administrative needs relating to public health pro- 
grammes, to formulate policy and to evalu'ate health 
programmes, with particular reference to preventive 
measures. Mortality statistics yielding information on 
the number of deaths in a year by geographical divi- 
sions also help to identify areas that require greater 
medical and health facilities. Mortality statistics classi- 
fied by age, sex and socio-economic characteristics 
permit the identification of vulnerable and target 
groups of the population for whom the necessary 
health and medical care must be provided. Data on 
causes of death form the basis for taking preventive 
and curative measures against communicable and 
other diseases and, in general, for improving the health 
conditions of the people in a given area. 

The main sources of mortality data in India are: (a) 
the civil registration system; (b) population censuses; 
and (c)  sample surveys, including both the Survey on 
Cause of Death and the Sample Registration System. 
In this chapter, the civil registration system, popula- 
tion censuses and the Survey on Cause of Deaths are 
briefly reviewed; the Sample Registration System is 
then discussed in detail. 

A. CIVIL REGISTRATION SYSTEM 

The civil registration system is a conventional meth- 
od of obtaining data on vital events in which events are 
reported and recorded shortly after their occurrence. 
This system is a potential source of mortality data. 
Because in the civil registration system these events 
are, in theory, reported and recorded when they 
occur, the coverage should normally be more com- 
plete and the accuracy of the information better than in 
a reporting system that depends upon a later visit by 
an interviewer and involves recall of facts by a 
respondent. 

The registration of vital events, which is basically 
the recording of births and deaths, has been in effect in 
India for over 100 years and the administrative system 

"The original version of this chapter appeared as document IESAI 
P/AC.17/7. 

"'Registrar General, Ministry of Home Affairs, New Delhi, India. 

for civil registration is fairly well established. Through 
enforcement of the Registration of Births and Deaths 
Act of 1969, the recording of such vital events and the 
compilation of vital statistics throughout the country 
has been systematized. However, the registration sys- 
tem cannot be said to have been firmly established 
throughout the country and there is considerable 
scope for improvement in terms of coverage and 
accuracy. 

Efficient operation of the civil registration system 
depends upon the co-operation and co-ordination of 
staff drawn from the various departments engaged in 
the collection of such data and, to a very great extent, 
upon the awareness among the people of the need for 
registering such vital events. In India, the collection of 
vital events through the traditional civil registration 
system is handicapped by low levels of literacy, partic- 
ularly in the rural areas, and by insufficient apprecia- 
tion of the utility of such registration and the general 
inadequacy of the registration hierarchy. The system 
is continuously monitored and evaluated, and steps for 
improvement are being undertaken, but complete cov- 
erage under the Act is not likely to be achieved in the 
very near future. 

Mortality data provided by the civil registration sys- 
tem include the age, sex, nationality and religion of the 
deceased; the place of death, the cause of death, 
whether the cause of death was medically certified and 
the type of medical attention received at the time of 
death. Information on stillbirths is also collected sepa- 
rately. The data on mortality are tabulated broadly by: 
(a)  age and sex; (b )  month of occurrence; ( c )  cause, 
age and sex; (d) infant deaths by age and cause; and 
(e)  maternal deaths by age at death. 

Cause-of-death statistics from civil 
registration system 

In India, the Registration of Births and Deaths Act 
of 1969 provides for medical certification of the cause 
of death. The introduction of such certification pro- 
cedures is left to the state governments, depending 
upon the facilities available in a given area. The Act 
provides for medical certification of the cause of death 
by the medical practitioner who attended the deceased 
during the illness; and wherever this procedure is 
introduced, registration of a death is dependent upon 
the availability of such a certificate. The provisions of 



the Act are being tested through a scheme of "Medical 
C e r t i f i h n  of Cause of Death", which envisages the 
gradual tion of medical certification beginning 
with institutional deaths. To date, the scheme has been 
introduced mainly in district and teaching hospitals 
and it is still at an experimental stage. The form of 
certificate contains the particulars available in the in- 
ternational form suggested by the World Health Orga- 
nization (WHO). The data on medically certified cause 
of deaths are available for about7 per cent of total reg- 
istered deaths in 1977. The data are classified accord- 
ing to the "A'' list of the International Classification of 
Diseases. ' 

Evaluation of civil registration system 

The data generated from civil registration systems 
are often deficient, both qualitatively and quan- 
titatively. Births and deaths are often not reported 
because there is no overt advantage from such regis- 
tration of events. In particular, infant deaths are often 
missed. Methods have been devised to estimate the 
extent of underreporting of such events. One of the 
methods is the matching of events recorded in the 
registration records with the results of an independent 
survey using a set of matching criteria. Another ana- 
lytical technique developed by ~ r a s s ~  makes use of 
census age distributions and child survivorship data. 

In India, the Office of the Registrar General con- 
ducted an underregistration survey in 1966 in rural 
areas of various states. The sample units were those 
selected for a sample census which was then in opera- 
tion. The vital events occurring to normal residents 
present and to visitors were copied from the sample 
census schedules and matched with events that were 
registered in the civil registration records. By assum- 
ing that events recorded by the survey that could not 
be matched in the registration records represented 
omissions from the registration records, the extent of 
underreporting of vital events was estimated. In the 
342 villages covered, the survey revealed that the 
extent of underregistration of deaths was 41.5 per cent 
at the national level. At the state level, the extent of 
underregistration varied over a considerable range. 

On the basis of the technique developed by Brass, 
the birth and death registration during the period 
1961-1971 was evaluated for the major states of India 
and for the country as a whole. At the national level, 
the extent of underregistration of deaths of children in 
age group 0-9 years was found to be 64 per cent; and it 
varied from state to state. Table VII.1 shows the 
extent of underregistration among children aged 0-9 
years as estimated by this technique for the major 
states. 

TABLE VII. 1. UNDERREGISTRA'MON OF DEATHS OF CHILDREN UNDER 
AGE 10 BY CIVIL REGISTRATION SYSTEM FORTHE PERIOD 1%1-1971 ON 
THE BASIS OF THE 1971 CENSUS POPULATION, USING THE BRASS TECH- 
NIQUE. STATES OF INDIA 

(Percentage) 
Underregistration 

of child deaths 
Stare 1961-1971 

- ~ 

.................... Andhra Pradesh 
Assam ............................. 
Bihar .............................. 

............................ Gujarat 
...... Haryana and Punjab (combined) 

............................. Kerala 
.................... MadhyaPradesh 

........................ Maharashtra 
Karnataka ......................... 
Tamil Nadu ........................ 
Uttar Pradesh ...................... 

........................ West Bcngal 
India .............................. 64 

Source: Calculations from Oflice of the Registrar General, India. 

deaths are not generally obtained in a census; it is diffi- 
cult to gather information on deaths by including a 
question relating to those who had died in the year 
immediately preceding the census, since the record- 
ing of a death depends heavily upon whether there 
were survivors of the deceased in the household and 
whether the survivors recall the event as having 
occurred during the correct time period. The reporting 
of deaths of young children is particularly sensitive to 
such problems. In a large-scale operation like a cen- 
sus, it would not be feasible to carry out probes at the 
time of data collection. 

Mortality data from censuses 

The decennial censuses of India, inter alia, provide 
data on the distribution of the population by age and 
sex. On the basis of such data from two consecutive 
censuses, it is possible to estimate the general level of 
post-childhood mortality during the intercensal period 
by using intercensal-survival techniques. However, 
the census age returns are subject to age-misreporting. 
Problems with age-rnisreporting and age-heaping can 
be partially solved by resorting to cumulation or with 
the aid of polynomials. Other techniques based on cen- 
sus age distributions are the application of stable- and 
quasi-stable-population techniques. Although these 
techniques are useful in many developing countries, 
their assumption of constant fertility requires serious 
consideration. Table VII.2 shows estimates of the 
crude death rate for India for intercensal periods from 
1881 to 1971, derived from the application of intercen- 
sal-survival procedures to successive pairs of census 
age distributions, with additional information concern- 
ing childhood mortality. 

B. POPULATION CENSUSES Limitations of censuses 

One source for mortality measurement is the The census does not provide estimates of mortality, 
national population census, which provides data on on a current and continuing basis, of the type needed 
the age composition of the population from which the to measure short-term changes in population growth 
level of mortality can be estimated. Direct data on for various purposes, such as projection of population 



TABLE V11.2. ESTIMATED ANNUAL DEATH RATES. INDIA, 
1881-1891-1961-1971, 

(Per 1,000 population) 
Period Death rare 

1881-1891 .......................... 41.3 
1891-1901 .......................... 44.4 
1901-1911 .......................... 42.6 
1911-1921 .......................... 48.6 
1921-1931 .......................... 36.3 
1931-1941 .......................... 31.2 
1941-1951 .......................... 27.4 
1951-1961 .......................... 22.8 
1%1-1971 .......................... 19.0 

Sources : For periods up to 1941, as estimated by Kingsley Davis, 
The Population of India and Pakistan (Princeton, N.J. ,  Princeton 
University Press, 1951); for periods after 1941, as calculated by the 
Census Actuary, India. 

and evaluation of various health and child care pro- 
grammes. There is a constant need for this type of 
data, necessitating the development of other sources. 
Household demographic sample surveys provide an 
alternative source for the collection of mortality statis- 
tics. 

The Survey on Cause of Death has been introduced 
in 982 primary health centres in rural areas of India. 
These statistics are obtained through a system of lay 
reporting, which is still being tried out. The field-work 
is carried out by paramedical personnel (referred to as 
"field agents") stationed at these centres. The field 
agent is usually a Sanitary Inspector or a Health In- 
spector. The number of primary health centres se- 
lected for this survey is based on the norm of at least 
one unit per million population; currently, almost all 
the districts in India are covered by the survey. 

In this system, the field agent contacts local resident 
informants regularly at short intervals. He obtains the 
addresses of the households where deaths have 
occurred since his last visit, and he visits those house- 
holds to investigate the symptoms and conditions pre- 
ceding the death in accordance with a non-medical list. 
The instructions prescribe the procedures on the basis 
of which the field agent would be able to arrive at the 
probable cause of death. A list comprising 11 major 
cause groups and their conspicuous symptoms, with 
subdivisions into numerous possible specific diseases, 
is provided to the field agent, who must first ascertain 
the major cause group in which the death may fall and 
then determine the specific cause by investigation of 
the symptoms. The non-medical list provided to the 
field agent maintains comparability with the major 
cause groups in the WHO International Classification 
of Diseases. 

To achieve greater qualitative and quantitative relia- 
bility, the data are reviewed through inspection by an 
independent agency. All the events observed by the 
field agent in a month are reported to the recorder in 
the primary health centre and the recorder is required 
to check consistencies in the reports he receives. The 
doubtful cases are referred back to the field agent. The 

process of checking may involve clerical corrections 
of the record or a revisit to the concerned household 
for verification of the cause of death. After this initial 
check at the level of the recorder, the Medical Officer 
in charge of the primary health centre scrutinizes the 
reported causes of death in greater detail. He is 
required to reinvestigate at least one out of every 10 
deaths in a month through a personal visit. Such 
rechecks have two advantages: they ensure the 
accuracy of the data; and they promote a sense of dis- 
cipline and responsibility among the field agents. 

At the end of every six-month period, a cross-check 
survey is conducted by the recorder or an agency 
other than the field agent. In this survey, events occur- 
ring during the previous six months are recorded; 
these data are then tallied with those recorded by the 
field agents. The unmatched events are jointly investi- 
gated and a corrected list of events is compiled. This 
biannual survey helps both to update the information 
about the number of events and to reveal deficiencies 
in the work of particular field agents. 

One of the difficulties in implementing this scheme 
is that very little direct verification can be made of the 
information obtained and recorded by the field agent. 
The biannual surveys and the checks made by the 
Medical Officer are indirect methods for ensuring reli- 
ability of the data. There are certain constraints in any 
inquiry about the cause of death. In certain circum- 
stances, social and other considerations affect the pro- 
cess of determining the probable cause of death. 
Errors may also arise from the bias of the respondent, 
from the predilections of the interviewer or from incor- 
rect interpretation of replies. Nevertheless, the checks 
introduced in the system for detection and evaluation 
undoubtedly help to minimize gross misreporting. 
Another limitation of this survey is that the collection 
of data is currently restricted to the headquarters vil- 
lage of the primary health centre; the data do not, 
therefore, provide a true picture of the mortality pat- 
tern at either the state or the national level. 

The data obtained through this system are tabulated 
by age, sex and the following major cause groups: 
(a) accidents and injuries; (b) childbirth complications; 
(c)  fevers; (4 digestive disorders; (e) disorders of the 
respiratory system; Cf) disorders of the central ner- 
vous system; ( g )  diseases of the circulatory system; 
(h)  other clear symptoms; (i) causes peculiar to in- 
fancy; senility; (k) other causes. 

D. SAMPLE SURVEYS ON BIRTHS AND DEATHS 

Because of the difficulty of obtaining dependable 
data on vital rates, on a current and continuing basis, 
from the combination of a civil registration system and 
periodic censuses, alternative methods of obtaining 
such information have been devised through the use of 
sample surveys. These methods include single-round 
retrospective surveys , multi-round prospective sur- 
veys and dual-record systems. In single-round retro- 
spective surveys, information is collected on vital 



events that occurred to members of the households 
during a fixed reference period, usually the 12 months 
preceding the inquiry. Experience in censuses and sur- 
veys has shown that it is difficult to obtain reliable 
information about vital events that occurred during a 
given reference period by inquiring about them in a 
single-round retrospective survey, because of recall 
lapse. Multi-round surveys consist of making periodic 
observations in the same set of sample areas through 
repeated interviews. The dual-record system makes 
use of two independent records of vital events based 
on continuous registration and prospective household 
surveys. The two records are matched event by event 
and the doubtful cases are reverified in the field to 
attempt to obtain an unduplicated and exhaustive 
count of vital events. 

Earlier surveys in India 

Most of the earlier studies on mortality in India were 
fragmentary in nature and were restricted to local 
areas; hence, they did not provide usable estimates at 
the state or the national level. The sample censuses 
conducted by the Office of the Registrar General dur- 
ing 1960, 1964 and 1965-1967 also collected informa- 
tion on deaths. The data obtained from the sample 
censuses were found to be unreliable due to response 
bias. Single-round retrospective surveys conducted by 
the National Sample Survey Organization (NSSO) 
since 1958 have attempted to provide comprehensive 
data on all aspects of the population. Information has 
been collected on vital events that occurred to mem- 
bers of sample households during the 12 months pre- 
ceding the inquiry. 

Such single-round retrospective surveys may be 
expected to suffer from recall lapse and dating errors. 
Although methods have been devised to adjust for 
such shortcomings of the data, these methods cannot 
always be considered universally applicable, because 
the pattern of errors is unlikely to be consistent in 
space and time. The data on mortality obtained 
through various rounds of the National Sample Survey 
are presented in table VII.3. 

Period 

July 1958-June 1959 .... 
Re-enumeration Survey, 

1959 ............... 
July 1959-June 1960 .... 
July 1960-June 1961 .... 
Sept. 1961-July 1%2 .... 
Feb. 1963-June 1964 .... 
July 1964-June 1965 .... 
July 1965-June 1966 .... 
July 1966-June 1%7a .... 

Lkath rate 
(per 1,Wpopulation) 

Rural Urban 

19.0 . . 

Igant  rnortalily rate 
(per 1 . W  live births) 

Rural Urban 

146 . . 

July 1967-June 1968 .... 11.3 7.2 111 78 
July1968-June1969 .... 10.1 7.4 87 70 

aData relate to the first subround covering July-August 1%6. 

The Sample Registration System in India is a dual- 
record system; its main objective is to provide reliable 
estimates of birth and death rates at the national and 
subnational levels. The system was initiated by the 
Registrar General in 1964165, on a pilot basis, in a few 
selected states. It currently covers almost the entire 
country. The Sample Registration System is based on 
the concept that with an adequate machinery for 
recording of births and deaths as they occur, together 
with a prospective survey and proper supervision at all 
levels, it is possible to obtain reliable estimates of vital 
rates. It combines the advantages of both continuous 
registration and prospective survey procedures. 

Structure of the system 

The field investigation of the Sample Registration 
System consists of continuous recording of births and 
deaths by an enumerator and an independent survey 
every six months by an investigator. The data obtained 
through these two operations are then matched. The 
unmatched and partially matched events are reverified 
in the field in order to obtain an unduplicated count of 
births and deaths. 

An initial complete listing of houses and households 
is done by the enumerator; the list is then updated at 
each biannual survey by the investigator to obtain the 
current population. One enumerator (recorder), who is 
a schoolteacher normally resident in the area, is 
appointed in each sample unit and is paid a small hono- 
rarium for this work. He is expected to record the 
births and deaths occurring in the sample unit as well 
as those occurring to usual residents while outside the 
sample areas. Events to visitors occurring within the 
sample area are also noted but are not considered in 
computing vital rates. Thus, the events to be recorded 
by the enumerator cover: (a) the usual resident present 
in the sample unit (URP); (6)  the usual resident absent 
from the sample unit (URA); (c) visitors living in the 
sample unit (V). In order to ensure a complete record- 
ing of events, the enumerator uses several means to 
keep himself informed about the occurrence of events 
in the sample areas. These means include use of an 
informant system in which the enumerator receives 
help from a village midwife (dai), a village priest or 
a watchman (chowkidar), who reports the occurrence 
of events; maintenance of a list of pregnant women; 
house-to-house visits once a month in urban areas and 
quarterly in rural areas; and visits to hospitals, pri- 
mary health centres and burial grounds. 

The investigator conducts the retrospective survey 
in January and July of each year. He is expected to list 
all births and deaths pertaining to usual residents (both 
URP and URA) and to visitors (occurring within the 
sample unit) during a fixed period of six months. 
Simultaneously, he updates the household population 
listed in the household schedule by adjustment for 
births, deaths and migration. He also pays periodic 
visits to the sample unit for supervising the work of the 



enumerator and for providing necessary guidance and 
clarifications. 

After the completion of the six-month survey, the 
two sets of records of the enumerator and the investi- 
gator are matched event by event at the state or dis- 
trict headquarters and are classified as matched, 
partially matched or unmatched. Matching is done on 
the basis of the location of the household, the name of 
the head of the household, the name of the mother for 
births and the name of the decedent in the case of 
deaths, residential status (URP, URA or V), sex of the 
child or the decedent and the month in which the event 
occurred. After the initial matching is completed, the 
partially matched and unmatched events are reverified 
in the field to determine the correct position. The 
reverification is usually carried out by an independent 
official. In this way, an unduplicated count of births 
and deaths is obtained. Thus, the essential features of 
the Sample Registration System are: 

(a) A baseline survey of the sample unit to obtain the 
usual resident population of the sample area through a 
household schedule; 

(b) Continuous (longitudinal) recording of vital 
events pertaining to the usual resident population by a 
locally resident enumerator (recorder); 

(c) An independent biannual survey of births and 
deaths by an investigator and the updating of the 
household schedule; 

(d )  Matching of events enumerated by continuous 
recording and those listed during the biannual survey; 

(e) Field reverification of unmatched and partially 
matched events. 

Sample design 

A single-stage, stratified simple random sample has 
been adopted for rural areas. Each state was first strat- 
ified on the basis of natural divisions, which were fur- 
ther substratified by size classes of population. 
Inhabited villages were classified into four population 
size classes on the basis of the 1961 census: (a) fewer 
than 500; (b) 500-999; (c) 1,000-1,999; (d) 2,000 and 
over. Villages with a population of over 2,000 were 
broken up into segments having approximately equal 
population and not exceeding 2,000 each. The sample 
units were allocated to the different strata in a propor- 
tion of stratum population. The sample unit is a village 
or a segment of a village if it had a population of over 
2,000 in 1961. 

In the urban areas, the sample design comprises a 
two-stage stratified simple random sample with towns 
or cities as primary sampling units and census blocks 
as second-stage units. The population of a census 
block ranges between 750 and 1,000. Towns and cities 
within a state were first stratified according to 1961 
census population as: 

(a) Stratum I: towns with a population of 100,000 
and over; 

(b) Stratum ZZ: towns with a population of 50,000- 
99,999; 

(c) Stratum Ill: towns with a population of 20,000- 
49,999; 

(d) Stratum ZV: towns with a population under 
20,000. 

Sample units were allocated over the four strata in 
proportion to their population. All cities in stratum I 
were included. The other towns and the blocks were 
selected on a simple random-sample basis. In allocat- 
ing the number of sample blocks to these cities and 
towns, it was ensured that each area should have at 
least two blocks. 

The sample size for rural areas was determined by 
using a binomial model assuming the value of the 
parameter to be 0.04 (or a birth rate of 40 per 1,000) 
with a coefficient of variation of 1 per cent. In each of 
the major states, there were 150 sample units in rural 
areas. In urban areas, the sample size varied from 60 
to 100 census blocks. 

The Sample Registration System originally operated 
in 3,700 sample units selected from the 1961 census 
frame, of which 2,400 units are in rural areas. It cov- 
ered a population of 4.2 million, representing about 0.7 
per cent of the rural population and 1 per cent of the 
urban population. Recently, another 1,700 sample 
units were added from the 1971 census frame to the 
existing sample units, with a view to increasing the 
precision of the estimates. Of these additional units, 
1,252 are ip rural areas. Thus, the total population cov- 
ered is over 5.7 million. 

The Registrar General of India is responsible for 
overall co-ordination and implementation of the sys- 
tem. In the states, the system is under the control of 
one of three agencies-the Director of Census Opera- 
tions, the Bureau of Economics and Statistics or the 
Directorate of Health Services-depending upon the 
availability of suitable field personnel at the time the 
scheme is initiated in a state. A nucleus staff is pro- 
vided at the state headquarters for overall direction 
and administration of the project. 

In addition to information by age, sex and marital 
status as collected in the household schedule, data on 
births and deaths are also recorded. 

The data on births include: 
(a) Place of birth; 
(b) Data of birth; 
(c) Live birth or stillbirth; 
(d) Single or multiple birth; 
(e) Sex; 
V) Particulars of the mother: (i) residential status 

(URP, URA or V); (ii) age; (iii) religion; 
(g) Type of attention at delivery. 
The following data are obtained for deaths: 
(a) Place of death; 
(b) Date of death; 
(c) Particulars of the deceased: (i) name; (ii) relation 

to head of household; (iii) residential status (URP, 
URA or V); (iv) sex; (v) age at death; (vi) marital sta- 
tus; (vii) religion; (viii) medical attention before death. 



Sources of errors in Sample Registration System 

The Sample Registration System is subject to three 
sources of errors: (a) sampling errors; (b) non-sam- 
pling errors; (c) matching errors. 

Sampling errors 

The standard error and the coefficient of variation 
for death rates have been pooled for the years 1975- 
1977 and are presented for major states in table VII.4. 
The sampling variability measured by the coefficient 
of variation of death rates in urban areas is higher than 
that of rural areas. At the national level, the coefficient 
of variation of the death rate is slightly over 1 per cent. 
At the state level, it varies from 2 to 6 per cent. 

Non-sampling errors 

In any survey, non-sampling errors require atten- 
tion. Such errors are of particular importance in the 
Sample Registration System because of the variety of 
hierarchies involved and the repetitive nature of the 
survey. Among the causes contributing to non-sam- 
pling errors in this system are the fact that some of the 
sample units are not easily accessible, which often 
results in the enumerator attempting to avoid carrying 
out the survey in full; the lack of rigour in supervision 
due to the survey deteriorating into a routine, which, 
incidentally, also affects training; the ennui of the enu- 
merator over a period of time due to the long retention 
of a given sample; and the decrease in the interest of 
the household itself due to the constant visits of the 
enumerator. The non-sampling errors that are owing to 
these contributory causes cannot be quantified but 
they do have an effect on the quality and, conse- 
quently, on the results of the survey. 

Many of these causes could be removed by continu- 
ous administrative evaluation and review. Several 
measures have been taken to minimize these causes of 
error; some of these measures are indicated below: 

(a) Each investigator has been assigned 10 sample 
units. He is required to carry out regular inspection of 
the work of the enumerator who does the continuous 

TABLE VII.4. SAMPLING VARIABILITY OF SAMPLE REGISTRATION 
SYSTEM DEATH RATES, STATES OF INDIA, 1975-1977 

Death Standard Coeflcient of 
rate error variation 

State (per 1 ,WO population) (percentage) 

Andhra Pradesh . . . . . . . . . . .  14.7 0.43 2.9 

enumeration. Higher level staff, such as a Tabulation 
Officer, an Assistant Director or the State Supervisory 
Officer, also supervise the work of the enumerators 
and investigators. Corrective steps are taken in those 
units where the work is found to be unsatisfactory. 
The investigator and the supervisory officer are 
required to submit an inspection report in a prescribed 
format. The performance of the enumerators and 
investigators is evaluated on the basis of the inspection 
report and corrective steps are taken when necessary; 

(b) An assessment of the efficiency of the enumer- 
ators and investigators is made by classifying the total 
number of events recorded as: (i) common events; 
(ii) events recorded by the enumerator but missed by 
the investigator; (iii) events recorded by the investiga- 
tor but missed by the enumerator; (iv) events missed 
by both. Units where the number of events is low over 
a period of time are identified and inspection of those 
units is carried out by higher level staff, 

(c) Periodic training workshops are conducted for 
supervisory staff and enumerators. These workshops 
cover such aspects as concepts and definitions, duties 
and mode of operation of the basic field-workers, type 
of events missed and type of probing questions to 
reduce omission of events and type of check to be 
exercised by the field staff. To ensure uniform con- 
cepts and a high standard of work, four manuals have 
been prescribed separately, for enumerators, for 
supervisors, for headquarters staff and for matching; 

(d)  The Sample Registration System envisages a 
built-in check of the enumerators' work through the 
biannual retrospective survey by the investigator. In 
order to ensure that there shall be no collusion 
between the enumerator and the investigator, the 
monthly records of births and deaths of the enumera- 
tors are withdrawn from the sample unit before the 
investigator conducts the biannual survey. Further- 
more, he exercises supervision over 10 sample units, 
but he conducts the biannual survey in another set of 
10 units; 

(e) The well-defined boundaries of the geographical 
area of the sample unit, the maps of the sample areas 
and the permanent house-numbering system are 
designed to ensure a true estimate of the population at 
risk. Since the population in the sample area is being 
updated at six-month intervals and births and deaths, 
as well as in-migration and out-migration, are re- 
corded, it is possible to make an arithmetic check; the 
investigators are required to do so. 

Assam .................... 14.9 0.86 5.7 
Guiarat . . . . . . . . . . . . . . . . . . .  15.2 0.45 3 .0 Matching errors 
~ & a n a  .................. 13.0 0.63 
Karnataka . . . . . . . . . . . . . . . .  11.3 0.39 
Kerala .................... 7.9 0.19 
MadhyaPradesh . . . . . . . . . . .  17.6 0.66 
Maharashtra . . . . . . . . . . . . . . .  1 1.8 0.35 
Orissa . . . . . . . . . . . . . . . . . . . .  15.3 0.70 
Punjab . . . . . . . . . . . . . . . . . . . .  10.9 0.40 
Rajasthan . . . . . . . . . . . . . . . . .  15.1 0.61 
Tamil Nadu . . . . . . . . . . . . . . .  14.4 0.39 
UttarPradesh . . . . . . . . . . . . .  20.7 0.56 
India . . . . . . . . . . . . . . . . . . . . .  15.2 0.17 

In the Sample Registration System, matching is 
done in two phases. The first phase is the initial match- 
ing or desk matching, event by event, on the basis of 
the five characteristics or criteria listed above. It is 
neither feasible nor necessary to select all items of 
information on each vital event collected under the 
two methods; therefore, only a few core items are 
selected for matching purposes. The items are such 
that it is possible to identify the event unambiguously, 



with no difficulty in matching. The second phase con- 
sists of the reverification of partially matched and 
unmatched events, usually by a third party through a 
field visit, in order to reconcile discrepancies. 

Principal results and evaluation 

Mortality indicators: comparison with other sources 

The Sample Registration System has provided esti- 
mates of death rates and of infant mortality and its 
components since 1970, at both the state and national 
levels. It has also yielded mortality differentials by age 
and sex. Table VII.5 presents the death rates and 
infant mortality rates for rural and urban areas at the 
national level. 

Alternative mortality estimates have been calcu- 
lated by the Census Actuary for the periods 1951-1961 
and 1961-1971. For the period 1961-1971, the death 
rate and infant mortality rate derived by the Census 
Actuary are 19.0 and 129, respectively. The levels on 
the basis of the Sample Registration System for the 
period 1970-1974 are 15.5 and 131, respectively. A 
comparison of these estimates would indicate that 
there has been a definite decline in mortality from the 
level of 19.0 in 1961-1971 to 15.5 during the period 
1970-1974. However, the infant mortality rate, 131, on 
the basis of the Sample Registration System for the 
period 1970-1974 is the same as that for the period 
1975-1978, indicating that the level of infant mortality 
has remained more or less constant. The estimates of 
the Sample Registration System can thus be seen to be 
consistent with the alternative estimates developed by 
the Census Actuary. Furthermore, the death rate from 
the Sample Registration System for the period 
1975-1978 is 15.0, which supports the view that mor- 
tality has continuously declined. 

Another method to evaluate the completeness of 
I death registration by the Sample Registration System 

is the application of the "growth balance equation" 
I proposed by  bras^,^ which is based on the equation: 
I 

i P(Y)/P(Y+) = r + f D(Y+) /P (Y+)  

I where P(Y) = number of persons of exact 
age Y; 

P(Y +) = total number of persons aged 
Y and over; 

r = annual growth rate; 
D(Y +) = number of deaths occurring to 

persons aged Y and over; 
f = reciprocal of the complete- 

ness of death registration. 
The assumptions involved in this technique are that 

the population is stable, that coverage is the same at all 
ages and that age-reporting is accurate. The use of 
cumulation is likely to smooth out some of the effects 
of age errors. It has been found4 that the bias intro- 
duced in estimating the degree of completeness of 
death registration is relatively small when stable popu- 
lations are destabilized by prolonged mortality 
changes that occur slowly. The effects of recent 
changes in fertility affect mainly the younger age 
groups and as such would have little impact on the per- 
formance of this method of estimation. In a population 
where mortality has been declining, the method gives a 
lower limit of the degree of completeness of death 
registration. 

This method has been applied to the Sample Regis- 
tration System data for deaths for 1976177 separately 
for males and females. The points corresponding to 
P(Y)IP(Y + ) and D( Y + )IP(Y + ), when plotted on a 
graph, show in general a linear trend, excluding the 
final point. The results indicate that the completeness 
of death registration is 0.970 for males and 0.965 for 
females. Thus, the application of this method suggests 
that death registration by the Sample Registration Sys- 
tem is almost complete for both sexes. 

Infant mortality by sex: evaluation of results 

Table VII.6 presents the infant mortality rates by 
sex at the national level. The rates for each year from 
1970 to 1978 for both sexes shown in this table suggest 
little or no trend, although there are some fluctuations 
from year to year. 

An indirect method of evaluating the levels and 
trends of infant mortality as obtained from the Sample 
Registration System is the application of Feeney's 
methods of estimating infant mortality rates from child 
survivorship data by age of mother. The method uses 
the proportions of children dead, Q, by age group of 

TABLE VII.5. RURAL AND URBAN DEATH RATES AND INFANT MORTALlTY RATES 
AT NATIONAL LEVEL, INDIA, 1970-1978 

Death rate Infant mortality rate 
(per 1.000popubtion) (per I,WO live births) 

Year Rural Urban Total Rural Urban Total 

1970 ................. 17.3 10.2 15.7 136 
1971 ................. 16.4 9.7 14.9 138 
1972 ................. 18.9 10.3 16.9 150 
1973 ................. 17.0 9.6 15.5 143 
1974 ................. 15.9 9.2 14.5 136 
1975 ................. 17.3 10.2 15.9 151 
1976 ................. 16.3 9.5 15.0 139 
1977 ................. 16.0 9.4 14.7 141 
1978 ................. 15.3 9.4 14.2 136 

Source: India, Sample Registration S y s t e m .  



TABLE V11.6. INFANT MORTAI.ITY RATES AT NATIONAL LEVEL, 
BY SEX, INDIA, 1972-1978 
(Per 1.000 live births) (Per 1,000 population) 

Death rates for age group 0-4 

Year Male Female Both sexes Year Male Female Both sexes 

1972 . . . . . . . . . . . . . . . . . . .  132 148 139 
1973 . . . . . . . . . . . . . . . . . . .  132 135 134 
1976 ................... 124 135 129 
1977 . . . . . . . . . . . . . . . . . . .  124 135 130 
1978 ................... 120 131 125 

Source: India, Sample Registration System. 

mother and the mean age of childbearing, M. The esti- 
mates of the infant mortality rate and the correspond- 
ing reference period are obtained from a set of 
relations that are functions of Q and M. 

The accuracy of the estimates derived by this meth- 
od depends upon the reliability of the data collected on 
the total number of children born alive and the chil- 
dren surviving. If data on child survivorship are not 
accurately recorded, the levels of infant mortality 
obtained by this method are likely to be affected. 

Feeney's method has been applied to data on child 
survivorship obtained from the Survey on Infant and 
Child Mortality undertaken in 1979 in a subsample of 
25 per cent of the Sample Registration System house- 
holds. The results, by sex, shown in table VII.7, indi- 
cate no appreciable change in the level of infant 
mortality in the recent past for either males or females. 
Although the levels of infant mortality are lower than 
those obtained by the Sample Registration System, 
possibly due to recall bias in the reporting of child 
survivorship data, the trend indicated by the method 
agrees with that observed in the Sample Registration 
System. It is also interesting to note that infant mor- 
tality among females, in general, is higher than that 
among males. The high estimate of infant mortality 
based on information obtained from the youngest 
women is a typical feature of such analyses, possibly 
arising from selection bias (although it may partially be 
due to better recording in this age group). 

Age-specific death rate of children aged 0-4 years: 
evaluation of results 

Table VII.8 shows the age-specific death rates of 
children in age group 0-4 years for representative 
years, based on the Sample Registration Survey. 

TABLE VII.7. ESTIMATED INFANT MORTALITY RATES AND REFERENCE 
PERIODS: BY AGE GROUP OF REPORTING WOMEN, INDIA 

(Rate per 1,000 live births) 
M a k s  Females 

Infant Infont 
Age group mortohry Reference mortality Reference 
of women rare oerioda rate perioda 

20-24 .............. 125.2 2.2 1i1.6 2.8 
25-29 .............. 103.8 4.4 102.4 4.8 
30-34 .............. 99.5 6.6 103.1 7.1 
35-39 .............. 100.3 9.1 107.4 9.7 
40-44 .............. 100.0 12.1 108.9 12.8 
45-49 .............. 99.7 15.3 109.3 16.0 

Source: India, 1979 Survey on Infant and Child Mortality. 
aNumber of years prior to the survey to which estimates refer. 

Source: India, Sample Registration System. 
'Figures taken from Survey on Infant and Child Mortality, based 

on a 25 Der cent subsample of Sample Registration System house- 
holds. 

The proportion of deaths of children in age group 0-4 
to total deaths according to the Sample Registration 
Survey is given in table VII.9. 

It can be seen that nearly 47 per cent of the total 
number of deaths is attributable to deaths in age group 
0-4. Any improvement in child mortality would consid- 
erably reduce the general death rate in India, because 
child mortality is a very important component of the 
level of that rate. 

An indirect method of estimating childhood mor- 
tality from child survivorship data has been developed 
by Tru~se l l .~  The procedure converts the proportions 
of children dead among children ever born reported by 
women in successive five-year age groups in the 
reproductive period into probabilities of dying before 
attaining certain exact childhood ages. Thus, if D(i) 
denotes the proportion of children dead among chil- 
dren ever born to women in the i th age group and 
q(x) = 1 - l(x) is the probability of dying between 
birth and exact age x, the basic relation is of the form: 

q(x) = K(i) . D(i) 

where K(i) is a multiplier. The multiplier K(i) is 
obtained by a relation of the form: 

where a(i), b(i) and c(i) are constants estimated by 
regression analysis of a large number of model cases 
for different model life tables; and P(i) is the average 
parity among women in the ith age group. The refer- 
ence period to which the childhood mortality relates is 
also obtained using a similar equation with regression- 
derived constants. 

The values of q(x) obtained by applying the Trussell 
method to the child survivorship data from the 1979 
Survey on Infant and Child Mortality were smoothed 
using a logit transformation of the Brass general stand- 
ard life table. The reference periods and the smoothed 
values of q(x) are shown in table VII. 10. 

The values of q(x) have been converted into mor- 
tality levels in the Coale and Demeny West model life- 
table system. If child mortality in the recent past has 
been constant and the data are accurate, one should 
normally expect the levels of mortality corresponding 
to each value of childhood mortality to be roughly sim- 



TABLE VII.9. PROPORTION OF DEATHS OF CHILDREN AGED 0-4 YEARS TO TOTAL DEATHS RECORDED BY 
SAMPLE REGISTRATION SYSTEM, BY SEX, INDIA, 1976 AND 1977 

(Percentage) 
Rural Urban Tor01 - - 

Yeor Male Female Borh sexes Male Femule Both sexes Mule Femule Bolh sere& 

TABLE VII.10. SMOOTHED VAL.UES OF PROBABILITY OF DYING BETWEEN BIRTH AND AGEX, 
ACCORDING TO REFERENCE  PERIOD,^ BY SEX, INDIA 

Males - - Females Both sexes 

Probability West Probability West Probubility West 
Age of dying model Reference of dying model Reference of dying model Reference 

x 4 w  level perioda 9f*) level perio? d l )  level perio? 

1. .............. 0.1233 14.1 O.% 0.1062 13.9 0.94 0.1152 14.0 0.95 
2 .............. 0.1483 14.2 2.12 0.1418 13.5 2.11 0.1453 13.8 2.12 
3 .............. 0.1590 14.3 3.89 0.1584 13.3 3.90 0.1588 13.8 3.90 
5 .............. 0.1691 14.4 6.05 0.1747 13.3 6.08 0.1718 13.8 6.06 

10 .............. 0.1793 14.6 8.47 0.1915 13.3 8.53 0.1851 13.9 8.49 
15 .............. 0.1867 14.7 11.12 0.2041 13.3 11.20 0.1950 14.0 11.16 
20 .............. 0.1992 14.8 14.11 0.2255 13.2 14.19 0.2116 14.0 14.15 

aNumber of years prior to the survey to which estimates refer. 

ilar. It can be seen that the levels of mortality corre- 
sponding to the estimates of childhood mortality show 
little general trend, suggesting that childhood mortality 
has remained more or less constant over the past years 
for both sexes. It is also interesting to note that the lev- 
els of childhood mortality among females are lower 
than those among males, indicating higher child mor- 
tality in relation to the model differentials among 
females. The results in regard to the trend in childhood 
mortality brought out by the indirect method are con- 
sistent with those of the Sample Registration System, 
although once again indicating lower child mortality; 
the child death rates given in table V11.8 indicate West 
model mortality levels of about 13 for males and about 
1 1 for females. 

Special surveys 

The Sample Registration System frame has been 
utilized for undertaking special surveys on several 
aspects of fertility and mortality. The Survey on Infant 
and Child Mortality referred to above was carried out 
in 1979 in a subsample of Sample Registration units; it 
has provided estimates on infant and child mortality, 
their differentials and their interrelationship with other 
socio-economic factors. The survey also collected 
information on health and child care, including cause 
of death of infants and children, in addition to informa- 
tion on fertility differentials. The investigators were 
provided with a list of selected causes of death and the 
information from the respondent was reported without 
any further investigation. The limitations of such data 
on causes of death are well known. The investigators 
are not oriented or trained for the collection of such 
specialized information on causes of death and it is 
doubtful whether any feasible amount of training 
would make them very efficient or equivalent to para- 
medical staff. 

Operational problems in the Sample 
Registration Survey 

The efficiency of the Sample Registration System as 
a source of information on vital rates is conditioned by 
four factors: the size of the sample; the operational 
efficiency of the enumerator and the investigator; the 
adequacy of supervision; and the constant monitoring 
of results. 

The sample units were selected on the 1961 census 
frame. Some of these sample units, especially those 
which had a population of just over 1,500 in 1961, have 
now crossed the limit of 2,000, with the result that 
such units have become rather large for the enumer- 
ator. Also, over a period of time, villages have been 
reclassified as urban units; and, in a few cases, urban 
units have been declassified and rendered rural. Such 
changes necessitate a constant monitoring of the sam- 
ple itself. Large units have to be segmented into man- 
ageable size or additional enumerators have to be 
assigned to areas. The assignment of new enumerators 
is not always possible because of lack of staff at the 
field level for this purpose. It is also essential to ensure 
that fresh sample units shall be selected periodically 
without loss of continuity of results. This process is 
necessary because over a period of time the continua- 
tion of the sample units introduces a "conditioning 
effect", as a result of which the enumerator tends to 
lose interest in the work and the households them- 
selves tend to give routine responses, not always with 
sufficient accuracy. Furthermore, retention of the 
same sample indefinitely may lead to the loss of its 
representative character. 

The "conditioning effect" referred to above is 
rather important because experience does seem to 
indicate that over a very long period of time the enu- 
merator develops set sources of information upon 
whom he comes to depend totally in order to avoid 



field-work. Also, the households themselves tend to 
regard the continuous inquiry as an unnecessary 
imposition on their goodwill. In either circumstances, 
the results tend to be unreliable. 

The original sample size in the Sample Registration 
Survey was 3,700 units based on the 1961 census 
frame. An additional sample of 1,700 units, selected 
from the 1971 census frame, was added in 1976177. In 
view of the constraints mentioned earlier, it is now 
proposed to update the sample over a three-year peri- 
od, replacing one third of the sample units every year 
on the basis of the 1981 census frame, so that after 
three years all the sample units will be on the 1981 cen- 
sus frame. One additional advantage of this change- 
over would be the simplification of the procedures for 
computing estimates based on two different time- 
frames. 

The second aspect that has an influence on the relia- 
bility of Sample Registration System results is the effi- 
ciency with which the enumerator and the investigator 
perform their duties. Closely connected with this 
aspect are the adequacy and efficiency of the super- 
visory levels. The long retention of the same sample 
unit appears to erode the efficiency of the enumerator 
and quite often the adequacy of the investigation is 
insufficient. Despite the fact that original records are 
withdrawn before the biannual survey by the investi- 
gator, it has been noticed that an element of collusion 
is possible, which again tends to decrease the utility of 
the results. 

The efficiency and intensity of supervision are, 
therefore, key factors which determine the validity of 
the results in the Sample Registration System. The 
hierarchy has to be so structured that continuous 
supervision is possible, including test checks and field 
verification wherever necessary. Continuous improve- 
ment of the field operations has been a matter of con- 
cern and constant attention. Some of the steps taken to 
improve the quality of the data are briefly indicated 
below: 

(a) Trends in total events recorded. The com- 
parison of the total number of events recorded in each 
unit since the commencement of the scheme with 
those recorded independently in each biannual survey 
is often helpful in locating units where the work is not 
quite satisfactory. Sample units that show large varia- 
tions in the number of events recorded are identified 
and the implementing agencies are required to take 
corrective steps after a detailed review of the work of 
the field staff; 

(b) Performance of enumerators and investiga- 
tors. An assessment of the efficiency of the enumer- 
ators and investigators is made by classifying events 
by unit on the basis of common events, events listed 
by the enumerator but missed by the investigator, 
events listed by the investigator but missed by the enu- 
merator and events not listed by either. A comparison 
of the total number of events in each of these catego- 
ries over a number of years will provide an idea of the 
efficiency of the enumerators and investigators. Clor- 

rective steps can be taken wherever the work is not 
satisfactory; 

(c) Control limits. A watch on the quarterly figures 
of births and deaths by unit is maintained by the state 
headquarters. A higher-level agency inspects units 
where the figures recorded by the enumerators differ 
from control limits by a margin of 50 per cent. The 
control limits are determined for each state on the 
basis of a three-year moving average at the stratum 
level separately for each half-year; 

(d) Intensive inquiry. In view of the importance of 
the Sample Registration System as the only source of 
reliable information on vital events, it is proposed to 
conduct intensive inquiries by using a special ques- 
tionnaire. This inquiry is proposed to be conducted by 
higher-level staff in the system in a 10 per cent sub- 
sample of the system's units. The intention of such an 
inquiry is to obtain a correction factor for vital rates 
and also to identify types of missed events; 

(e) Technical Advisory Committee. This commit- 
tee was established in 1973 to evaluate the Sample 
Registration System and to suggest improvements. 
The committee was reconstituted very recently and its 
scope was expanded to cover vital statistics and sur- 
veys of the Office of the Registrar General. The com- 
mittee is expected to provide the high-level technical 
direction necessary for improvement of the scheme. 

Monitoring the completeness of the Sample Regis- 
tration System is a basic issue. Several built-in checks 
have been adopted to ensure full coverage. These 
include lists of pregnant women, maintenance of lists 
of informants in rural areas, quarterly field-rounds by 
the enumerators who, during these rounds, contact 
socially important persons for information etc. Also, 
an overlapping reference period of one year is adopted 
at the time of the biannual survey in order to detect 
events that might have been missed in the earlier bi- 
annual survey. For example, the survey conducted in 
January, in effect, covers the whole of the preceding 
year. However, despite these built-in checks, it has 
been noticed that both the enumerators and the inves- 
tigators sometimes fail to record some events. Studies 
have revealed that the types of events missed by the 
enumerator are usually those which have occurred to 
usual residents outside the sample area (usual resident 
absent). This is due to various reasons, including the 
fact that expectant mothers usually go to the home of 
their parents for delivery; and, in the case of hospitals, 
people are transferred to hospitals located outside the 
sample area. Unless the field inquiry is thorough, such 
events arelikely to be missed. Another type of event 
that is frequently missed is perinatal deaths (foetal 
deaths and deaths of the new-born within seven days). 
Single-member households constitute a third situation 
where events are likely to be missed by both the enu- 
merator and the investigator. Such omissions are mini- 
mized by training the enumerators on the basis of a set 
of probing questions. Table VII. 1 I indicates the per. 
centage of deaths recorded by the different categories 
of stail-, 



Percentage of deaths recorded 

Recorded by Recorded by Missed by 
mumerator; investigator: both enumerator 

missed by missed by  and 
Year Common investigator enumerator investigator 

1975 . . . . . . .  7 1.23 8.19 19.26 1.31 
1976 . . . . . . .  74.52 6.32 18.09 1.07 
1977 ....... 72.22 6.34 20.82 1.12 

The table indicates that about 75 per cent of events 
are recorded by both the enumerator and the investiga- 
tor. About 6-8 per cent are recorded by the enumerator 
but missed by the investigator, while 18-20 per cent are 
recorded by the investigator but missed by the enu- 
merator. It would therefore appear that the investiga- 
tor records more events than the enumerator, appar- 
ently because the investigator who conducts the bian- 
nual survey visits every household at the time of this 
survey and has access to the household form wherein 
all the members of the household are listed on the 
basis of the previous biannual survey. The enumerator 
does not visit every household but goes to houses only 
when events occur there. It is only in the quarterly 
round in the rural areas and in the monthly round in 
the urban areas that the enumerator is expected to visit 
all households; and unless this routine is followed 
meticulously, he will record a smaller proportion of 
events. In order to make the system more effective, it 
is necessary to devise ways and means to maximize 
the independence between the continuous recording 
and the survey. The various measures described 
earlier are meant to achieve this result. The Chandra- 
sekharan and Deming formula for estimating vital 
events missed by both the enumerator and the investi- 
gator is not applied since the conditions necessary for 
the application of this formula are not fully met by the 
Sample Registration System. Moreover, since a large 
proportion of the events are even now being recorded 
by both the enumerator and the investigator, the 
application of this formula would not appear to be nec- 
essary. It must, however, be stressed that by intensify. 
ing the supervision and by ensuring complete 
independence between the continuous recording by 
the enumerator and the biannual survey by the investi- 
gator, the number of events missed can be pro- 
gressively reduced. 

The Sample Registration System is the largest 
demographic survey undertaken in India. Its dis- 
tinguishing feature is the longitudinal registration pro- 
cedure which ensures the continuity of the recording 
of vital events by local resident enumerators. The sys- 
tem attempts to minimize the recall bias while the 
biannual survey by the investigator ensures full cover- 
age of vital events. Effective supervision, adequate 
control over field staff and constant monitoring are 
necessary to ensure the complete recording of events 

and the validity of the results. The establishment and 
maintenance of such a system are comparatively more 
expensive than a multi-round survey. 

Unlike the multi-round survey, the Sample Registra- 
tion System, which is a dual-record system, has the 
advantage of being self-evaluating. There is a built-in 
procedure for the comparison of data collected by two 
different agencies, thus lending credibility to the 
results because the probability of events being missed 
by both agencies is low. To that extent, the Sample 
Registration System is more reliable than a multi- 
round survey. 

The Sample Registration System provides reliable 
estimates of mortality indicators and has great poten- 
tial for a variety of demographic studies. Special stud- 
ies undertaken with its framework have yielded 
reliable data on fertility and mortality differentials by 
socio-economic group. The system has been the main 
source for dependable data on vital demographic 
measures. 

The utility of the information obtained from the 
Sample Registration System scarcely needs any 
emphasis. Information on the number of deaths by 
place of occurrence helps the study of the geographical 
distribution of deaths in relation to local health condi- 
tions. The number of deaths by type of medical atten- 
tion received at the time of death provides an indicator 
of the extent of use or availability of medical facilities 
in different regions. The distribution of deaths by age 
is essential in identifying the vulnerable age groups in 
order to help formulate detailed public health meas- 
ures to reduce mortality. The data are also useful for 
the construction of life tables. 

The data from the Sample Registration System have 
numerous uses in policy and programme formulation 
in the health sector. The infant mortality rate is a gen- 
eral indicator of the availability and quality of child 
health services and it is also a measure of the health 
and sanitary conditions in a given area. It is a critical 
indicator for measuring progress in the reduction of 
infant deaths. Infant mortality broken down into its 
two components of neonatal mortality and post-neo- 
natal mortality are important from the point of view of 
medical research, and information on post-neonatal 
mortality is useful for environmental and medical con- 
trol programmes. Data on perinatal mortality also 
serve as an indicator to the public health authorities 
with regard to the facilities necessary or available to 
expectant mothers. The Sample Registration System 
has uses not merely in policy formulation for health 
measures but for other analytical needs. For example, 
its frame is adopted in evaluatory surveys, such as the 
census evaluation study. The system also provides 
data for the evaluation of the impact of the family plan- 
ning programme in terms of its ultimate objective of 
reduction of fertility. Another sector in which data 
obtained in the system could be used is in determining 
underregistration in the civil registration system 
through matching procedures. It is these numerous 
uses of the Sample Registration System for policy for- 



mulation and determination of programme content that 
make it extremely important. 

The federal structure in India results in a multi-level 
organization for implementation of the Sample Regis- 
tration System, which requires close co-ordination. 
The responsible agencies in the states are the Director- 
ates of Health Services or the Bureaux of Economics 
and Statistics. These agencies have their own pri- 
orities in terms of what their states consider important; 
and as the implementing agencies, they usually have 
their own ongoing statistical schemes. Therefore, 
there is some element of competition for attention 
between the regular work of these agencies and the 
Sample Registration System; the technical personnel 
of the agencies generally are inclined to pay more 
attention to the department's regular work. This 
administrative reality has to be recognized and it 
necessitates a high degree of co-ordination and cen- 
tralized monitoring. 

In implementing the Sample Registration System, 
the major consideration is more administrative than 
technical because controlling the quality of the results 
would essentially mean controlling non-sampling 
errors. Although sound design and sample selection 
can, by and large, be ensured, the efficiency of the sys- 
tem critically depends upon the availability of well- 
trained personnel; firm control over the phases of the 
field operations, including the biannual surveys; 
meticulous attention to monitoring of performance; 
adequate supervision to instil discipline and to ensure 
that no attempt shall be made to avoid work and the 
careful processing of data. It would seem that while 
giving honorariums to the enumerators, who in the 
Indian context are generally schoolteachers, is to 
some extent an inducement, the payment itself does 
not seem to serve as a major motivation unless the 
quantum is high. The sheer size of the sample in the 
Sample Registration System imposes financial con- 
straints and the cost-effectiveness of the system would 
be open to doubt if very high levels of honorariums 
were required. In any case, the payment of honorari- 
ums is a self-perpetuating evil because continuous 
demands for increases would arise and a high initial 
honorarium would also make it difficult to replicate the 
scheme on a larger scale. 

The Sample Registration System is a relatively 
expensive technique for the determination of vital 
rates when compared with the single-round retro- 
spective survey or the multi-round survey, and it is 
also more difficult to administer. However, the organi- 
zational and operational problems of the system dealt 
with in this chapter are not uncommon in any large- 
scale demographic survey. To the extent that these 
problems are solved and the management of the sys- 
tem is improved, the quality of the data collected will 
be enhanced. The Sample Registration Survey also 
provides the additional advantage of a ready-made 
frame for carrying out special demographic surveys. 
The experience of India would support the view that 
because of its built-in evaluative capabilities and 
cross-checking features, the system offers a reliable 
procedure for obtaining vital rates, particularly in the 
context of a weak civil registration system. The devel- 
opment of a sound civil registration system is undoubt- 
edly a continuing and dominant concern; but in the 
short run, it must be given a lower priority and empha- 
sis should remain on the development of an alternative 
system for obtaining sound estimates of vital rates. It 
is the latter need that the Sample Registration System 
meets. 

'World Health Organization, Manual of the International Statisti- 
cal Classification of Diseases. Injuries. and Causes o f  Death. 1965 
~evision,-8th rev. (~eneva,  1967). 

*~il l iam Brass, Methods for Estimating Fertility and Mortality 
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North Carolina, Laboratories for Population Statistics, 1975). 
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4Hoda M. Rashad, "The estimation of adult mortality from defec- 

tive registration data", unpublished doctoral dissertation, Univer- 
sit of London, 1978. 

r~riffith Feeney. "Estimating infant mortality rates from child 
survivorship data by age of mother", Asian and Pacific Census 
Newsletter, vol. 3, No. 2 (November 1!376), pp. 12-16. 
6T. James Trussell, "A re-estimation of the multiplying factors for 

the Brass technique for determining childhood survival rates", Pop- 
ulation Studies, vol. 29, No. 1 (March 1975), pp. 97-108; and Manual 
X .  Indirect Techniques for Demographic Estimation (United 
Nations publication, Sales No. E.83.XIII.2). 



VIII. USE OF DIRECT AND INDIRECT TECHNIQUES FOR ESTIMATING 
THE COMPLETENESS OF DEATH REGISTRATION SYSTEMS * 

Samuel H .  Preston * * 

This chapter reviews briefly the direct and indirect 
means of estimating the completeness with which 
deaths are recorded in a civil registration system. In 
accordance with the instructions of the organizers of 
the Meeting, it was designed as an adjunct to the paper 
presented by Moriyama,' on continuous registration 
systems. It should be noted that the methods can be 
used with little modification for systems other than 
civil registration, for example, survey reports on 
household deaths in the past year. The methods are 
important not simply because they provide perform- 
ance measures for statistical systems. More important 
are the opportunities they offer for adjusting or "cal- 
ibrating" those systems to provide better estimates of 
mortality conditions. The fact that a registration sys- 
tem is "incomplete" has often been used to justify 
ignoring its products, but if the degree of incomplete- 
ness can be accurately assessed, the system becomes 
virtually as useful as one that is "complete". It may be 
mentioned, however, that the less complete the under- 
lying registration of deaths, the less tenable become 
the assumptions used in assessing the completeness 
level. As a rough rule of thumb, a registration system 
that records 60 per cent or more of deaths represents a 
very useful source of mortality information; if com- 
pleteness is much below this level, however, problems 
of non-representativeness sharply limit the value of 
the data. 

It should be stated at the outset that any estimate of 
"true" crude or age-specific death rates implicitly pro- 
vides an estimate of the completeness of death regis- 
tration. Many methods of estimating the true mortality 
conditions have been devised, and the United Nations2 
recently published a review.of these methods. 

These alternative estimates are usually based on 
surveys containing retrospective questions on the sur- 
vival of children or of other kin. The surveys may 
include event histories complete with dating of events, 
as in the World Fertility Survey; or they may be lim- 
ited to reports of cumulative numbers of events, in 
which case the proper dating may be assigned through 
indirect procedures. In either case, it is clear that com- 

parisons can be made between the frequency of events 
during a particular period that were reported in the 
survey and those reported in civil registration. This 
chapter does not consider these independent methods 
for estimating mortality, which are the subject of sev- 
eral other papers submitted to the Meeting. Instead, it 
is confined to methods for evaluating completeness 
that use the data from the registration system itself as 
input to the evaluation procedure. These data are 
always used in conjunction with other information. If 
the other information consists of an independently 
constructed listing of deaths, then the evaluation is 
considered to be "direct". If it consists of other data 
on the population, particularly its age distribution or 
growth rate, then it is considered to be "indirect". 
Indirect procedures are reviewed first. 

A. INDIRECT METHODS 

More than a half dozen indirect methods are cur- 
rently available for estimating the completeness of 
death registration; most have been developed in the 
past two years. More are undoubtedly on the way. 
Each of the methods makes use of the age distribution 
of reported deaths within a certain age range, which 
may extend from birth to age 100 but which usually 
begins at 5 or 10 years of age. Each of them also 
assumes the population to be closed to migration. In 
addition, some other data or assumptions are used in 
conjunction with the age distribution of deaths. The 
possibilities employed to date are various combina- 
tions of: 

D 1: data on the age distribution of the population at 
one point in time (numbers by age corresponding to 
the date for which death information is available); 

0 2 :  data on the age distribution of the population at 
two points in time; 

A 1: assumption of population stability; the popula- 
tion is assumed to be characterized by constant mor- 
tality and exponential growth in the annual numbers of 
births; 

A2: assumption of quasi-stability; the population is 
assumed to be characterized bv a history of "t~vical" 

.The oridnal version of chapter appeared as document mortality decline that has destabilized a poi;lation 
IESAPIAC. 1718. that was at first stable; 

**Chairman, Graduate Group in Demography, Population Studies A3: assumption that registered or reported deaths 
Center, University of Pennsylvania, Philadelphia, Pennsylvania, 
United States of America. The author is grateful to Shiro Horiuchi a constant proportion of true deaths at each 
and Larry Heligman for their comments on an earlier draft. age within the age range considered. 



These methods are discussed below in more or less 
the chronological order in which they were developed. 

Brass "growth balance method" 

In any closed population, the following equation 
applies in the Brass "growth balance method": 

T 
r,+ = b f +  - d f ,  (1) 

where r f ,  = true growth of the population aged x and 
over; 

b f ,  = true "birthday rate" of the population 
aged x and over, i.e., the number of peo- 
ple reaching their xth birthday in a par- 
ticular year divided by the number of 
person-years lived above x during that 
year; 

df ,  = true death rate of the population over age 
m x, i.e., the number of deaths in a certain 

year at age x last birthday and above, 
divided by the number of person-years 
lived above x during that year. 

The superscript T is used to denote "true" values in 
the population; the superscript is omitted when dealing 
with recorded values. 

Equation (1) can be rewritten: 

bf+ = rf ,  + df+ (2) 
Brass uses the assumption of population stability, 

A 1, so that the growth rate is constant with age and the 
x +  on r can be dropped. By assumption A3 that the 
completeness of death registration is invariant to age 
within the range specified, 

d,, = C - d,T, 

where C is the completeness of death recording. Mak- 
ing these two substitutions, one has 

Equation (3) is a linear equation the parameters of 
which are rT, the intercept, and lIC, the slope; d,, is 
simply the recorded death rate above age x; and b; is 
conventionally estimated by 

where a, is the number of persons recorded in the age 
interval from x to x + 5. 

In theory, r and C could be identified by choosing 
any pair of ages x, since one would have two equations 
and two unknowns. In practice, it is more sensible to 
recognize that both the b,, series and the d,, series 
contain errors, particularly those resulting from age- 
misreporting. So one may take advantage of the lin- 
earity of equation (3) and estimate its parameters by 
linear regression on many data points or by other suit- 
able fitting procedures. Note, however, that measure- 
ment errors in the death rate variable (e.g., from age- 
misreporting) bias the slope estimated by ordinary 
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least squares towards Because estimated com- 
pleteness is the reciprocal of the slope, it is biased 
upward by such error. The equation can also be writ- 
ten so that d,, is on the left-hand side and C is esti- 
mated as the coefficient of bL but in this case C will be 
biased downward by error in bf,. In general, it seems 
best to avoid least-squares estimates and to use alter- 
native and simpler procedures. 

There are two basic problems with the Brass pro- 
cedure: 

(a )  Errors in the data can create a scatter of points 
such that very different estimates of completeness can 
be produced by arbitrarily excluding various combina- 
tions of available data points from the fitting pro- 
cedure. Usually, points for the highest ages will be 
most vulnerable to error, but these points are critical 
for estimation because they provide the highest values 
of b,, and d,,. Changes in values of b,, and d,, at 
younger ages tend to be quite small so that different 
points add very little new information; 

(b )  Results are sensitive to violation of the assump- 
tion of stability. Currently, declining fertility is usually 
not a serious problem because the initial age at which 
estimation begins can be chosen in such a way as to 
exclude cohorts that have been reduced in size by fer- 
tility decline. However, most populations have had 
declining mortality for several -decades and the 
declines affect all ages. 

In her investigation of the sensitivity of Brass results 
to declining mortality, Martin5 finds that mortality 
decline produces estimates of completeness that are 
too low. For example, in a population with a gross 
reproduction rate of 2.5 that begins with a life expec- 
tancy of 45.0 and moves steadily to one of 66.4 after 20 
years, the completeness estimated at the end of the 
period will be only 87 per cent of the true complete- 
n e s 6  Slower declines and shorter declines, of course, 
produce smaller biases. 

Martin provides a way of adjusting the Brass esti- 
mates for mortality decline. The procedure requires 
that one know the speed and duration of mortality 
decline, A2. Estimating these factors is, of course, 
likely to involve a circularity because the aim of the 
exercise is to estimate current mortality conditions. 
Also, the recommended procedure for estimating 
duration of decline requires a set of age-specific 
growth rates; and if these rates are available, a number 
of alternative techniques can be used. 

Preston and Coale method 

In using the Preston and Coale method, by dividing 
both sides of equation (1) by df,, one has 



The Preston and Coale procedure is based on the rec- 
ognition that the ratio of the birthday rate above x to 
the death rate above x is, in a stable population, com- 
pletely a function of the age distribution of deaths 
above that age and of the growth rate. In particular, 

where dx(a) is the proportion of deaths above x that 
occur at age a .  The logic of equation (5) is the follow- 
ing. If Bx persons reach age x in a particular year, the 
number of deaths that occur to that cohort during the 
rest of their lives must also be B,. Future deaths in a 
stable population (a - x) years hence will equal this 
year's deaths at that age, D(a), times an exponential 
growth factor, er(" -"'. Summed over all future ages, 
then, one must have 

not be satisfactory. The problem is that errors at the 
older ages (e.g., overstatement of age at death) will 
also produce different errors in completeness esti- 
mates at different initial ages.'' The pattern of esti- 
mates that results from error at the very old ages is 
easily confused with a pattern of error produced by an 
incorrect choice of r. It is, of course, possible to use 
the growth rate that emerges as a by-product of the 
Brass procedure as input for the Preston and Coale 
procedure. Experimentation with this approach in 
numerous countries has shown that the resulting esti- 
mate of C rarely differs from the Brass estimate by 
more than 0.03, so that, as a rule, little new informa- 
tion is gained. 

Estimates of completeness derived by this method 
are also sensitive to violations of the assumption of 
stability, introduced in equation (5). In general, they 
appear to be somewhat less sensitive to these vio- 
lations than the Brass results. In a direct comparison 
of the two methods applied to population with a simu- 
lated mortality decline, the Preston and Coale pro- 
cedure produced errors less than half as large as the 
Brass procedure. 

Dividing both sides by the sum of this year's deaths Bourneois-Pichat method - 
above x gives equation (5). Substituting (5) into (4), 
one has There are other ways to write the basic stable equa- 

tions in order to provide formulae for estimating the 
completeness of death registration. One such way is 

I called here the "Bourgeois-Pichat method", although 
(/,((I )P"" "d(1 - i (6) it is implicit rather than explicit in his work. In a stable 

population, 

This formula can be applied directly and does not 
require any fitting procedure. However, in reducing 
arbitrariness it also reduces flexibility; data for partic- 
ular ages above x cannot be discarded because they 
are believed to be faulty. Note, in particular, that the 
summation goes to the highest age achieved and that 
deaths at high ages will be heavily weighted by the 
exponential-growth term. The method is thus vulnera- 
ble to age-misstatement and omission at the older 
ages, where these errors are most likely. Coale has 
accordingly paid much attention to developing pro- 
cedures for minimizing the effects of error in the oldest 
age groups. ' 

The Preston and Coale procedure requires as input 
estimates of growth rates, rather than of the age dis- 
tribution of the population as used by Brass. These 
growth rates are often not known with much precision 
even when two censuses are available, and results are 
sensitive to the value of r adopted. Fortunately, their 
sensitivity varies considerably with age, being greater 
when the initial age of estimation, x, is younger, so the 
results themselves provide an indication of the suit- 
ability of the growth rate used. Thus, Preston and Hill8 
suggest experimenting with different growth rates and 
choosing that which produces the most "level" 
sequence of completeness estimates, i.e., the 
sequence that varies least with age. This procedure 
seems to work well in El Sal~ador ,~but  in general may 

where c(a) = proportion of the population at age a ; 
r = annual growth rate; 
b = birth rate; 

u(t) = force of mortality (age-specific death 
rate) at age t. 

By assumption, A3, 

where uR(r) is the recorded death rate at age I. Making 
this substitution and taking logs, 

One now has a linear equation that can be estimated by 
least-squares techniques. One independent variable is 
age, the other is the sum of age-specific death rates 
from birth. The coefficient of the latter variable is the 
reciprocal of estimated registration completeness. The 
procedure can be used from any arbitrary beginning 
age, in which case a must be redefined as distance 
from that beginning age. 

The procedure requires identifying three param- 
eters: the two estimated by Brass, r and C, plus the 
birth rate, which Brass estimates directly. Unfortu- 
nately, the two independent variables are very highly 



correlated and estimates of the two coefficients are 
therefore quite unstable. The only application of this 
procedure attempted to estimate r and C in separate 
steps, but an apparent error in procedures renders 
results inconclusive. '* 

Bennett and Horiuchi method 

The Bennett and Horiuchi13 method provides an 
important development of the Preston and Coale tech- 
nique that discards the assumption of stability. They 
note that the ratio of the birth rate over age x to the 
death rate over age x can be written for any closed 
population as 

where r (t) is the growth rate of population aged t .  
Thus, equation ( 5 )  is seen to be a special case of equa- 
tion (9) in which r is constant above x .  Substituting 
equation (9)  into equation (4), which made no resort to 
stable assumptions, one has 

The technique embodied in equation (10) was shown 
to work very well when applied to data from the 
Republic of Korea and from Sweden.I4 Like the Pres- 
ton and Coale procedure, it requires a (set of) growth 
rates as input and it provides opportunity for experi- 
menting with different values of the growth rate and 
choosing a set that provides a sequence of C estimates 
that shows minimal variance with age. The method is 
so recent that no other applications of the Bennett and 
Horiuchi approach are known to this author. 

The main advantage of the approach is in its relaxa- 
tion of the assumption of stability. The authors show 
that the Preston and Coale procedure would have 
given erratic results for the highly destabilized case of 
Sweden, whereas their procedure produced remark- 
ably consistent and good results. Sweden is, of course, 
an extreme example, but it is often the case that the 
r(t)  sequence in developing countries shows systemat- 
ic departures from constancy. However, when errors 
in the data are abundant, the analyst may still wish to 
impose the stability assumption in order to "disci- 
pline" the data. 

Preston and Hill method 

Two censuses are required in order to obtain the set 
of age-specific growth rates needed for the Bennett 
and Horiuchi procedure. If these censuses are avail- 
able, an alternative method proposed by Preston and 
Hill'' can also be applied. This procedure makes use of 
accounting identities relating the size of cohorts in the 
two censuses to intercensal deaths. For example, for 
censuses taken at time t and time r + 10. 

where TN: = true number of persons aged x at time t ;  
TD: = true number of deaths between t and t 

+ 10 to cohort aged x at time t . 
Preston and Hill then invoke assumption A3, that 

registered deaths by age are a constant proportion of 
true deaths: 

and that the completeness of enumeration for the pop- 
ulation was E(t) at time t and E(t + 10) at time t + 10, 
both terms constant with age: 

Making these substitutions into equation ( 1 1 )  and re- 
arranging, they produce a linear equation: 

The intercept of this equation is the relative enumer- 
ation completeness of the two censuses; the coeffi- 
cient of intercensal deaths is the enumeration 
completeness at the second census divided by the . 

death registration completeness. To estimate mortality 
rates correctly, it is oilly necessary that the complete- 
ness of deaths be calibrated to the completeness of the 
censuses, so the presence of E(t + 10) in the coeffi- 
cient poses no problem. 

This method can be made more flexible by defining 
"cohorts" to be all persons over agex at time t .  It gave 
good results when applied to Thailand, in the sense 
that it produced estimates of registration completeness 
similar to those obtained in a direct inquiry and to 
those of the Preston and Coale procedure.16 Bennett 
and ~or iuchi"  found that the method gave quite simi- 
lar results to their own in the Republic of Korea. How- 
ever, extensive application of the procedure in Latin 
America by the Centro Latinoamericano de Demo- 
grafia (CELADE) gave quite poor results, with com- 
pleteness estimates often implausibly above unity. It 
appears that systematic overstatement of age between 
one census and the next inflated cohort size at the sec- 
ond census and thus reduced "expected" deaths, so 
that recorded deaths formed too high a fraction of the 
expected deaths. The method may only prove work- 
able for developing countries within the Chinese- 
Japanese cultural sphere, where age-reporting is typ- 
ically quite good. The Bennett and Horiuchi pro- 
cedure, for which calculations pertain to particular age 
groups rather than to particular cohorts, has clear 
practical advantages in situations of extensive and 
directional age-misreporting and can also readily 
accommodate intercensal periods that are not integer 
multiples of five. Note, however, that if intercensal 



growth rates are used, the Bennett and Horiuchi (and 
the Preston and Coale) procedures should also be used 
with intercensal deaths and not simply with deaths 
centred on one of the two censuses. 

United Nations method 

If age-specific growth rates are available as in d and 
e, as well as the age distribution of the population, it is 
possible to employ equation (1) directly. The expected 
death rate over age x is simply ax+ = bx+ - rx+, and the 
ratio, dx+/ax+,  is a direct estimate of registration com- 
pleteness for ages x and over. No fitting procedure is 
required. Since b,, is measured with considerable 
error, however, it is best to combine results for differ- 
ent ages, perhaps by calculating the geometric mean of 
estimates of C or by choosing a median. The former 
procedure was used by the United Nations" in the 
only application of this method that this author has 
seen. The conclusion reached after applying it to many 
data sets was that, "More generally, the estimates 
obtained from this modified procedure have not 
proved very helpful, there being a very noticeable ten- 
dency for estimated completeness to exceed 100 per 
cent, sometimes ser iou~ly" .~~ One explanation for this 
result may be that bx+ is consistently underestimated 
because of age overstatement. 

General remarks on indirect methods 

Each of the indirect methods identifies the com- 
pleteness of death registration by attributing an 
inconsistency between registered deaths and some 
other element of the population-its age distribution, 
its growth rate or its intercensal cohort changes-to 
registration incompleteness. However, inconsisten- 
cies also may be produced by the other elements and 
attributing all of the disparities to death registration 
alone can lead to serious problems. Four of the most 
important of these sources of error are discussed 
below. 

International migration 

None of the methods is able to deal with an open 
population unless corrections for migration are made. 
Thus, the methods should not be used when interna- 
tional migration is substantial and populations are 
unadjusted. 

Age overstatement of deaths at higher ages 

When too high a proportion of deaths appears at the 
older ages, mortality conditions (for a given r or popu- 
lation age distribution) appear to be better than they in 
fact are, and observed deaths will thus constitute a 
higher fraction of expected deaths. C is biased 
upward. Methods for dealing with this problem in the 
Brass, Bourgeois-Pichat, and Preston and Hill tech- 
niques are fairly straightforward: ignore observations 
at the ages where problems are most likely to be 
encountered. In the Bennett and Horiuchi and the 

Preston and Coale procedures, however, the highest 
ages must (apparently) be included. Recommended 
procedures when they are believed to contain 
erroneous data are to employ an open-ended interval 
that begins at a relatively low age (say, 60) even 
though detailed data may be available for higher ages. 
Various models of age patterns of mortality are then 
introduced to estimate true mortality levels in this 
open-ended interval. 

A pattern of registration completeness that 
increases with age, contrary to assumptions, will also 
bias completeness estimates upward. 

Note that all but two of the methods provide esti- 
mates of registration completeness that pertain to all 
ages over some minimum age, under the assumption 
that completeness is constant over that age. They do 
not provide an estimate of completeness within a par- 
ticular age range; even though certain observations 
may be discarded (e.g., in the Brass approach), the 
mathematical development has still utilized the 
assumption of no differential incompleteness by age. 
The exceptions are what have been called the "Bour- 
geois-Pichat method" and the "Preston and Hill meth- 
od". It is possible that this difference accounts for 
some of the unusually high estimates of C often 
yielded by these two techniques. 

The other procedures can also be modified to yield 
completeness estimates that pertain to a restricted age 
range. To begin, equation (1) can be rewritten as: 

where r: = true growth rate of population between 
ages x and y; 

b$ = true birthday rate into the population 
aged from x to y, i.e., number of persons 
reaching their xth birthday annually divid- 
ed by person-years lived between x and y; 

d: = true death rate of the population between 
ages x and y; 

n = true departure rate by aging from the pop- 
ulation aged from x to y, i.e., number of 
persons reaching their yth birthday 
annually divided by person-years lived 
between x and y. 

It is now clear that the Brass method can be recast 
for application to the restricted age range fromx toy as 

Observations can be generated by varying x or y, or 
both. Such a modification has been suggested by 
S o m o ~ a . ~ ~  

The United Nations method can also be modified in 
a straightforward way as 

Tailoring the Preston and Coale and the Bennett and 



Horiuchi procedures to a restricted age range is less 
straightforward. One may state without proof the fol- 
lowing results. For the Preston and Coale method, in 
the age range from x to y , 

C = 
dXY $ era - ) d a d a  - 1 (6 ') 

r, + nYlX (1 - erCY - ")) I 
and for the Bennett and Horiuchi method, 

where dl(a) is the proportion of recorded deaths 
between x and y that occurs at age a : 

Recognizing that Nx+ . rx+ is equal to N(x) - jx?lT(a)da 

and that N(x) = J,=DT(~) e" -xkia, one can substitute 

into equation (6') and simplify, giving 

Census underenumeration 

Each of the methods yields an estimate of registra- 
tion completeness that is relative to the completeness 
of census enumeration. This result is explicit in the 
Preston and Hill procedure. For the others, it is only 
necessary to imagine that the population enumerated 
was arbitrarily reduced by 50 per cent. Registered 
death rates would rise by a factor of two and complete- 
ness would appear higher by this factor. The pro- 
cedures do not give absolute but rather relative 
performance measures of the civil registration system. 
In countries where censuses miss substantial fractions 
of the population, it is useful to bear this caveat in 
mind. Normally, however, the analyst is interested in 
estimating mortality in the form of crude or age-specif- 
ic death rates. For these purposes, what is needed is 
precisely an estimate of registration completeness in 
relation to census completeness. 

Death registration completeness varying with age 

In the Brass, Bourgeois-Pichat, and Preston and Hill 
methods, registration completeness is inferred from 
the slope of a line fitted to data. If registration com- 
pleteness varies with age, that slope will be biased. 
Increasing completeness with age will bias upward the 
estimated C, and decreasing completeness will bias it 
downward. 

However, in the Preston and Coale and the Bennett 
and Horiuchi methods, the estimated value of C will be 
a weighted average of the age-specific values of C 
actually prevailing. Since this feature is important and 
has not been noted previously, it is worth demonstrat- 
ing despite the laborious mathematics. Let J(a) repre- 
sent the actual completeness of registration at age a .  
Suppose that one applies Preston and Coale equation 
(6) to data in which J(a) varies with age. Equation (6) 
can be rewritten as 

Thus, C as estimated by equation (6) will be a weighted 
average of the actual age-specific completeness of reg- 
istration over age x, J(a). The weights are the dif- 
ference between cohort deaths expected at age a and 
current deaths at a ,  divided by the sum of this dif- 
ference over all ages higher than x. Older ages are 
clearly being heavily weighted in this process. In the 
Bennett and Horiuchi procedure, the weighting f$ctor 

is identical except that er(" - "' is replaced by e Lr(')d'. 

That C estimated through these procedures is func- 
tioning as a weighted average of age-specific complete- 
ness increases their value in relation to other methods, 
although marked variation in completeness with age 
will make the refinement of growth rate estimates on 
the basis of the internal pattern of results problemati- 
cal. 

The Brass and the Preston and Coale procedures 
have been widely applied. They were used on many 
data sets in the model life-table construction project of 
the United Nations2' and in that of the Organisation for 
Economic Co-operation and Development (OECD).22 
They have been applied to almost all of the countries 
for which the United States National Academy of Sci- 
ences has formed panels or working groups, including 
the two largest ~ountries-India~~ and China." They 
are providing information on inconsistencies between 
reported deaths and other features of the population 
structure. Results cannot, of course, be accepted 
blindly, because inconsistencies can be produced by 
many sources, as discussed above. However, the 
information they generate on these inconsistencies, 
taken together with other information, usually brings 
the demographic circumstances of a population into 
sharper focus. 

Among the other techniques described here, that of 
Bennett and Horiuchi appears particularly promising. 
It requires nearly the same input as the Preston and 



Coale method and is based on similar mathematical 
development, but it dispenses with the assumption of 
stability; and it shares with the Preston and Coale 
method the absence of dependence on the assumption 
that registration is invariant to age. A summary of the 
salient features of these procedures is presented in 
table VIII. 1. Experience with truncated versions of 
these procedures (except those of Bourgeois-Pichat 
and Preston and Hill) is too limited to allow a general 
assessment of their performance. 

It should be mentioned that another indirect tech- 
nique is available to measure c~mpleteness .~~ Rather 
than relying on the demographic accounting frame- 
work of the other methods, it assumes that the age pat- 
tern of mortality in the population being studied 
belongs to a particular set of model relationships. It 
then solves for the "level" of mortality in that model 
life-table system which is consistent with the recorded 
age pattern of mortality. The population need not be 
stable or even closed. This advantage is purchased at a 
considerable cost, however, because the United 
Nations model life-table project has found age patterns 
of mortality in developing countries to be highly vari- 
able. The method also appears to be very sensitive to 
age-reporting patterns. 

B. DIRECT ESTIMATION OF COMPLETENESS 

An alternative way of estimating the completeness 
of death registration is to use an independent source of 
information on the number of deaths that occurred. If 
the alternative source itself is known to be complete, 
then an estimate of registration completeness follows 
directly from a comparison of totals, but there is no 
chance that such a source will be available. Instead, 

the alternative source will itself be suspected of being 
incomplete. Nevertheless, if it is statistically indepen- 
dent of death registration, it can be used to estimate 
registration completeness. Statistical independence 
simply means that the likelihood that an event will be 
recorded in the alternative system is not affected by 
whether it was registered. If independence is a tenable 
assumption, then the completeness of registration is 
estimated by 

where DR, , = deaths that appeared both in registration 
and in the alternative recording system; 

D, = total deaths in the alternative recording 
system. 

This equation follows directly from the definition of 
statistical independen~e.'~ 

In order to estimate completeness by equation (13), 
it is clearly necessary to perform a case-by-case exam- 
ination of records from both recording systems. Only 
by "matching" records from the two sources can D ,  A 

be established. Two major possibilities exist for the 
alternative system: surveys asking questions about 
deaths in the household in the same iime-frame and 
space-frame to which registered deaths pertain; and an 
"active" recording of events by knowledgeable per- 
sons more or less continuously present in the commu- 
nity. Note that what have come to be known as "dual- 
record systems" use the two alternative systems and 
bypass civil registration alt~gether. '~ 

Direct estimation of completeness has considerable 
theoretical appeal. Its logical basis is simple and 

TABLE VIII.1. SUMMARY Ob MAJOR FEATURES OF SIX METHODS FOR ESTIMA'IING COMPl FTENESS 
OF DEATH REGISTRATION 

Data requ~red in addrtron 
to age drstnbutron 

Merhod Assumpt~onc of deaths Stren~ths and n,eakrresret encountered m applrcarron~ 

Brass . . . . . . . . . . . . . . . . Stable population Age distribution of Arbitrariness in choice of points for fitting; biased by declining 
population mortality; flexible and requires least data. 

Preston and Coale . . . . . Stable population Number of persons and Sensitive to growth rate chosen; biased by overstatement of age 
population growth at death; provides diagnostics for errors of data and assump- 
rate above initial age tion; less biased by mortality decline than the Brass method; 

does not require assumption that completeness is invariant to 
age. 

Bourgeois-Pichat . . . . . . Stable population Age distribution of Limited experience with method; seems to overestimate com- 
population pleteness because of age overstatement at high ages; requires 

least data; automatically provides estimates within truncated 
age range. 

Bennett and Horiuchi . . Closed population Age-specific growth Sensitive to growth rate chosen; biased by overestimation of 
rates (i.e., age dis- age at death; provides diagnostics for errors of data; unbiased 
tributions of two by mortality or fertility change; flexible in implementing for 
censuses) irregular intercensal periods; does not require assumption 

that completeness is invariant to age. 
Preston and Hill . . . . . . Closed population Age distributions of Seems to overestimate completeness when age overstatement 

two censuses prevalent; awkward to use for irregular intercensal periods; 
arbitrariness in choice of points for fitting; flexible; automati- 
cally provides estimates within truncated age range. 

United Nations . . . . . . . Closed population Number of persons and Lim~ted experience with method; seems to give erratic results. 
population growth 
rate initial age 



straightforward, unlike many of the indirect methods.
Like the indirect methods, however, it is subject to
error of assumption, data and implementation. The
only assumption involved is that of independence of
the two statistical systems, but there are many reasons
why that assumption might be violated. The likelihood
of a death being reported in either system probably
varies in many populations with characteristics of the
deceased (religion, socio-economic group, literacy). If
deaths that are not recorded in one system are more
likely than average to be omitted from the other, then
completeness will be overestimated. A solution fre
quently suggested for dealing with this problem is first
to make completeness estimates within (preferably
homogeneous) population strata and then to aggregate
the strata to estimate the number of deaths. Deliberate
concealment of child death by sorne women, which
appears to have occurred in a region ofthe Philippines,
will also bias completeness estimates upward if the
concealment enters both systems.28 Concealment of
death-or, more accurately, reluctance to mention a
recent grief-provoking event-has also been noted in a
completeness evaluation in Turkey. 29

Independence of the two systems may also be diffi
cult to attain administratively, since the recording of
an event in one system may calI its attention to the
other system. It is suggested that a third party be
responsible for matching of records to avert any prob
lems resulting from either system's desire to look more
complete. But such procedures are "slow and cost
Iy" .30 In the largest and longest attempt to maintain
two record-keeping systems, the Sample Registration
System in India, it has been decided that independence
of the systems is an impractical goal.

Perhaps more serious, in general, than errors of
assumption are data and implementation errors. This
reference is not to incompleteness of records, since
the procedure is designed to deal with these. Rather,
data errors result from the presence of events in the
alternate system that are "out of scope", i.e., that
refer to periods or regions other than those to which
registered deaths pertain. For example, if events in the
alternative system refer to a 15-month period encom
passing a 12-month period of death registration, then
completeness estimates are biased downward because
the denominator of equation (13) is increased by the
three-month extension whereas the numerator is not.
(Note that use of a period shorter than 12 months in
the alternative system would not necessarily introduce
any bias.) Since civil registration of deaths often
occurs substantially later than the event, there can be
confusion about the correct reference period for the
alternative estimator. In addition, death often occurs
elsewhere than the deceased's place oflegal residence.
Confusion about where to register such a death is
widespread in Thailand, for example," and also
increases the chances for "out-of-scope" reports.

The most important problem in many applications of
this procedure is identifying what constitutes a true
match of records in the two systems. If true matches
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are underestimated in equation (13), the completeness
estimate will obviously be too low. One of the most
important criteria for establishing a match is the name
that appears on the death certificate and on the other
record. In the Republic of Korea and in Trinidad and
Tobago, frequent repetition of a few popular names
confounds the matching process. Variability in the
reporting of infant names has been noted in Saint
Lucia. In many countries, a child dying in early infan
cy has been given no name." Another common criteri
on for the match is place of residence, but in many
countries there is no formaI address. Scores can, of
course, be assigned on the basis ofsimilarity of reports
on different items in the two sets of records and a
"match" created when the total score equals or
exceeds a required minimum, but it will be rare that
complete confidence could be attached to aIl matches
and to ail non-matches alike. It is possible, of course,
to use probabilistic matches in which a score between
oand 1 is assigned to a particular record in the alterna
tive system in forming the numerator of equation (13).

An extensive Iiterature has accumulated on match
ing studies. The interested reader may consuIt reviews
in Marks, Seltzer and Krotki," in Wells34 and in
Myers. 3~ Carver's" work is an extensive bibliography
of matching studies. Seltzer and Adlakha" provide a
formaI evaluation ofthe sensitivity of results to certain
kinds of error. It should be noted that matching studies
are also used to estimate birth rates and to evaluate
birth registration completeness. Studies ofbirths seem
to be more common; for example, the first study"
mentioned above lists twice as many matching studies
of births as of deaths. The advantages of studying
births instead of death are obvious: in the case ofbirth,
usually two people who experienced the event (the
child and the mother) will be present at the time of sur
vey to report on or serve as a reminder of the event,
whereas the decedent is no longer a household mem
ber; death may lead more frequently than birth to a
reconstruction of the household or to migration; and
the frequency of birth is usually from two to four times
greater than the frequency of death in developing
countries, so that the same size of population sampled
will lead to greater reliability in the case of birth
matching studies.

C. COMPARATIVE FEATURES OF DIRECT AND
INDIRECT PROCEDURES

Direct and indirect approaches are not necessarily
to be viewed as substitutes for each other. Ideally,
both approaches would be applied to the same set of
data, so that the analyst could base his or her final esti
mates on both sets of results. In sorne instances, such
as Thailand, the results have been very similar." in
others, such as Liberia, they were disparate." How
ever. it will not always be possible to utilize both
approaches, and they have rather differing strengths
and weaknesses. What follows is a brieflist of the rela
tive advantages of each approach.



Areas ofadvantage fi r direct methods

Timeliness

The indirect procedures us ally require a population
census to provide input into t e techniques. These are
obviously available only sp radically in developing
countries and are often proce sed slowly. In addition,
several techniques yield onl intercensal estimates,
which require two censuses and assure that results
pertain to periods that are, on average, 5 -10 years dis
tant. Direct procedures can, n the ory , be used with a
more or less continuous surv y system and can yield
results that are as current as ata processing permits.

Socio-economic and geograp ical differentials

The indirect techniques aIl tilize the assumption of
a closed population. Therefo ,they are not suited for
estimating completeness wit respect to characteris
tics with changing distributio s. These characteristics
usually include socio-econo ic group and region of
residence. Age-specifie inflo sand outflows among
these groups clearly violate t e assumption of closure.
Exceptions are characteristics fixed at birth, such as
race, ethnicity, sex and regio of birth, for which indi
rect procedures are complete y applicable. The direct
procedures can yield estima es of differentials with
regard to any characteristi desired as long as it
appears on the death certifie te and the sample size is
adequate. In practice, it is r re to see completeness
estimates differentiated by c aracteristics other than
age, sex and rural/urban resi ence.

Estimates of infant and child mortality

The indirect procedures geinerally use the assump
tion that completeness is in~ariant with age above
sorne beginning age; however], the tendency to omit a
higher fraction of neonatal and infant deaths is so per
vasive that analysts rarely make use of estimates that
begin at age zero. Thus, the indirect methods usually
give estimates of registration completeness of later
childhood and adults. This restriction often means that
from one quarter to one half'[of the deaths occurring
are not subject to investigation of completeness. The
possibility of estimating registration completeness
among infants and young children is one of the strong
est arguments for direct procédures. Excellent advan
tage ofthis possibility was taken in a large study by the
Pan American Health Organization." Completeness of
infant death registration was èstimated for 13 areas in
Latin America by cornparing registered deaths to
information from a wide variety of sources, including a
household survey, hospital] records of maternity
admissions and births and foetal death certificates.
The results are among the Onl

1'
examples of complete

ness estimates by fine categor es of age in the first year
of life.

The main competitor of d~rect completeness esti
mates for estimating childhoo~ mortality is not indirect
completeness methods but ~he survey-based retro-
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spective procedure of Brass. An exceptionally inter
esting comparison has been made of dual-record
results and the Brass type of results in a region of the
Philippines. 42 The Brass results appear to be somewhat
better, perhaps because they do not require a direct
report on death (only on the numbers surviving) and
because the events of death are more distant on aver
age and hence less emotion-laden."

Areas of advantage for indirect methods

Coverage ofpopulation

Estimates of mortality are usually desired at the
nationallevel. The indirect methods are well-suited for
providing this level of coverage because the y usually
compare national-level deaths to national-level census
information. In order for the direct methods to yield
nationally representative results, it is necessary that
extensive geographical stratification be introduced in
the alternative system. Even if it is successful in the
sense of providing nationally unbiased estimates, the
sampling required introduces sampling error that is not
present in the indirect procedures. Areal sampling also
introduces the possibility of geographical out-of-scope
biases that are not present in a system of national
scope.

Administrative and financial costs

Mounting an independent survey to evaluate regis
tration completeness is a costly undertaking. One must
determine the sampling strategy to be used, develop
the appropriate maps, prepare questionnaires, statis
tical forms and manuals for field-workers, recruit and
train interviewers, pretest the procedures, code both
sets of data and match the records. While sorne use
may be made of pre-existing apparatus and personnel
and of international experience in the conduct of such
surveys, the costs will nevertheless be much greater
than for indirect procedures. For the latter methods,
aIl that is required is the appropriate data, which are
usually routine products of a country's statistical sys
tem, and an effort of from several days to several
weeks duration by a well-trained analyst. The cost fac
tor is surely the major advantage of indirect pro
cedures.

D. DISCUSSION

An important feature of estimates of registration
completeness is not discussed in the foregoing
account: the sensitivity of mortality estimates to error
in estimates of registration completeness. The esti
mated crude death rate corrected for completeness of
registration is, of course, simply the registered crude
death rate divided by C. In the author's judgement,
sufficient accuracy can be attained in the estimation of
C, whether by direct or indirect means, so that the cor
rected crude death rate will usually be within 10 per
cent, and almost always within 18 per cent, of its true



value. This is clearly a subjective assessment using
imprecise language.

What may not be clear to the reader is that life
expectancy estimates are much less sensitive to error
in estimates of completeness than are crude death
rates. The reason for this differential response is the
bunching of deaths (in the life table) at the higher ages
in almost aIl populations. Suppose in the life table that
one inappropriately "saves" 10 per cent of the persons
who should have died at age 65-69 because Chas
been overestimated and mortality thus underesti
mated. These persons will not be expected to live an
additional 65-69 years (which wouId result in an infla
tion of 10 per cent in eQ) simply because they are enter
ing ages of very high, even if underestimated,
mortality. An investigation" of this feature of mor
tality measurement concludes that the proportionate
change in life expectancy at birth is only 10-40 per
cent of an equiproportionate change introduced into aIl
age-specifie death rates. Thus, if one cornes within 10
per cent of the true value in the corrected estimates of
age-specifie death rates, one should be within 1-4 per
cent in the corresponding estimates of life expectancy
at birth. At a life expectancy at birth of 55, typical of
developing countries, the error introduced by a 10 per
cent error in estimates of IIC is only 0.5-2.2 years.
The insensitivity of life expectancy to error in C is
even greater for ages beyond zero because the bunch
ing of life-table deaths at high ages is more extreme.
This relative insensitivity of life-expectancy measures
is an important reason to capitalize on the vital regis
tration data available on deaths by age in developing
countries, in combination with estimates of registra
tion completeness.
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IX. EXPERIENCES IN THE USE OF SPECIAL MORTALITY QUESTIONS
IN MULTI-PURPOSE SURVEYS: THE SINGLE-ROUND APPROACH*

John G. C. Blacker**

Multi-purpose surveys May take a wide variety of
forms; indeed, the term "rnulti-purpose" itselfis open
to a variety of definitions. Almost any survey that
includes among its objectives the collection of infor
mation on a variety of topics could be so described,
and the question arises as to how varied in their nature
these topics should be before the designation "multi
purpose" may be regarded as appropriate. Most popu
lation censuses could legitimately be seen as a special
form of multi-purpose survey, Post-enumeration sur
veys and "built-in" samples associated with censuses
could also be included in these terms of reference. The
so-called "demographie sample surveys", conducted
in the French-speaking countries of Africa in the late
1950sand early 1960s, were in reality multi-purpose, in
so far as they included among their objectives the
investigation not only of age and sex structure, fertil
ity, mortality and migration, but of such topics as
housing, education, religion and employment. Sorne
multi-purpose surveys involve the use of multi-stage
sampling, in such a way that different topics are inves
tigated at the different stages of the sample enumera
tion. For example, in the 1968-1969 Rural Household
Consumption and Expenditure Survey in Lesotho, a
first-stage sample of enumeration areas was drawn and
the populations of the areas were completely enumer
ated. Sorne simple questions on fertility and mortality
should be included in the enumeration schedule at this
stage. A second-stage sample of households was then
drawn from the lists compiled in the first stage, and the
particulars of consumption and expenditure were col
lected in the course of the re-enumeration of those
selected households. In sorne countries, this basic idea
of using the same sample for a variety of purposes has
been taken a step further. In Kenya, for example, a
National Sample has been constructed, such that the
basic listing ofthe population in the first-stage clusters
has been used for drawing several subsamples for dif
ferent types of surveys on a variety of topics, such as
household consumption and expenditure, agriculture,
nutrition and employment. This procedure opens up
interesting possibilities of cross-tabulating the data
obtained in one survey against those obtained in oth-

'The original version of this chapter appeared as document IESAI
P/AC.17/9.

"Senior Research Fellow , Centre for Population Studies, Lon
don, United Kingdom of Great Britain and Northern Ireland.
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ers. In general, since births and deaths are relatively
rare events, and therefore require large samples for
their investigation, questions on fertility and mortality
have usually been asked in the first stage of such multi
stage, multi-purpose investigations.

The term "single round" also requires definition. It
implies the use of surveys wherein the selected
respondents are interviewed once only. This pro
cedure may therefore be contrasted with "follow-up"
or "longitudinal" surveys, wherein the same
respondents or households are interviewed repeat
edly, with a view to ascertaining events which may
have taken place between the interviews. Thus, single
round surveys must rely essentially upon retrospective
questions about events that took place before the sur
vey interview, as against the "prospective" methods
of longitudinal surveys. The restriction ofthis paper to
single-round surveys does not, however, imply that
one should exclude from this discussion the fact that
the value of such surveys can be greatly enhanced if
they are repeated at regular intervals. Such repetition
does not necessitate re-interviewing the same hou se
holds or clusters; all that is required is that the succes
sive samples should aIl be representative either of the
country as a whole or of the same subdivisions within
it. An entire new battery of analytical techniques,
involving the use of "synthetic cohorts", can be
deployed when the results of such successive surveys
are available. 1

Because of their dependence upon retrospective
questioning, single-round surveys are particularly sus
ceptible to errors ofrecall or memory lapse. Thus, spe
cial questions have been devised, and special
techiques of analysis developed, in order to minimize
the effect of such errors; and the retrospective ques
tions of single-round surveys have become particularly
associated with the use of "indirect methods" of
demographie analysis. Therefore, any discussion of
experiences in the use of special mortality questions in
these circumstances must necessarily involve a discus
sion of how well these methods have worked. It is not
proposed, however, to include in this chapter a
detailed account of how the methods should be
applied; such accounts can be found in the relevant
manuals.! It could also be argued, in view of the fore
going definitions of "multi-purpose" and "single
round", that this chapter should also include a discus
sion of the data on infant and child mortality derived



from birth histories obtained in fertility surveys, such
as those conducted under the auspices of the World
Fertility Survey. However, to subsume such surveys
under the general heading "rnulti-purpose" would be
to stretch the use of the term beyond its normally
accepted meaning; and since the analysis of the World
Fertility Survey data is covered in another paper pre
sented to this meeting, it is not proposed to trespass on
this field. The discussion here does coyer, however,
sorne experiences gained from the use of the World
Fertility Survey household schedule, which included
questions of a type frequently asked in multi-purpose
surveys.

A. DEATHS IN THE PAST 12 MûNTHS

Retrospective questions on deaths among members
of a household during the 12 months preceding the sur
vey are among the oldest questions to be included in
demographie surveys. They were clearly seen as
providing a substitute for information normally ob
tained through civil registration, so that aIl the stand
ard indices of mortality, including age-specifie rates
and life tables, could be calculated directIy. Such
questions were included in censuses of the United
States of America in the nineteenth century when the
civil registration there was known to be defective." In
more recent times, the question was included in the
famous pioneer survey in Mysore State in India in
1951 4 and in the surveys of French-speaking countries
of Africa in the late 1950sand early 1960s.5 Life tables
were duly calculated from these data, with what now
seems somewhat naïve acceptance of the results at
their face value.

More critical analysis, however, quickly demon
strated that the results of the se questions were subject
to enormous errors, attributable to a variety of causes,
including recall lapse, faulty estimation of the refer-

ence period, massive misreporting of ages and some
times complete misunderstanding of the nature of the
question. Nor was the incidence ofthese errors neces
sarily uniform by sex or age. For example, in the case
of the Demographie Survey of Chad in 1964, the enor
mous disparity between the male and female mortality
rates obtained from this question clearly suggested
that while the male deaths had been overreported,
those of females had been underreported." The ques
tion therefore fell into disfavour for sorne years, being
regarded as more or less doomed to failure.

However, the development by Brass? of the
"growth balance method" and the other variations
that have been evolved from this theme" gave ques
tions on recent deaths a new lease of life: it was found
that corrections could be made to the data which
would produce results that could be accepted with a
fair degree of confidence. Thus, in the Retrospective
Survey of Fertility and Mortality in Bangladesh in
1974, questions were asked about deaths during the 24
months preceding the survey; the application of the
growth balance method to the data on deaths for the
preceding 12 months suggested that those for males
aged 5 years and over had been underreported by 43
per cent and those for females by 52.5 per cent. 9 The
data and calculations of this simple technique are
shown in table IX.l, and the plot of the partial birth
and death rates is given in figure IX.l; the correction
factors are derived from the slopes of the fitted lines.

Thus, the use of the growth balance method pro
vides sorne justification for the inclusion of these
questions in a suitable survey, but there is still no guar
antee that it will give usable results. AlI too often the
plot of the partial birth rates against the partial death
rates provides a series of points which by no stretch of
the imagination could be regarded as lying on a straight
line, as was the case, for example, with the data
obtained from the household schedule of the Jordan

TABLE IX.!. POPULATION AND DEATHS, BY SEX AND AGE, AND DERIVED PARTIAL BIRTH AND DEATH RATES, BANGLADESH, 1974
Males Females

Agea+ Agea+ Agea+ Agea+
Alle Reported partial partial Reported partial partial

group Population deatns birth dealh Population deams birlh deatn
(a. a + 4) (h".dreds) (hundreds] rate rate ihundreds} (hundreds} rate rate

0-4 ................ 53520 2202 54900 1785
5-9 ................ 61850 ll5 0.0365 0.0040 62000 158 0.0405 0.0038

10-14 ·.............. 53480 70 0.0454 0.0045 46 750 73 0.0480 0.0042
15-19 ·......... , .... 33230 53 0.0432 0.0053 30150 84 0.0427 0.0049

20-24 ............... 26480 35 0.0357 0.0061 26530 53 0.0378 0.0053
25-29 o •••• '" ., ••••• 25760 41 0.0371 0.0070 26070 52 0.0427 0.0060
30-34 ·.............. 21010 31 0.0406 0.0082 20160 63 0.0475 0.0071
35-39 ............... 20730 39 0.0443 0.0097 17720 41 0.0491 0.0081

40-44 ............... 17240 47 0.0517 0.Oll9 14800 36 0.0548 0.0099
45-49 •...•.••..••. o. 13 680 58 0.0550 0.0147 Il 350 33 0.0587 0.0123
50-54 ....... , ...... , 12160 73 0.0608 0.0180 10490 57 0.0657 0.0156
55-59 ............... 7940 83 0.0663 0.0228 6070 64 0.0728 0.0202

60-64 ............... 8770 127 0.0746 0.0272 6970 94 0.0783 0.0237
65-69 ............... 4390 77 0.0965 0.0354 3250 36 0.1054 0.03ll
70-74 ............... 4680 BI 0.0982 0.0439 3290 87 0.1016 0.0411
75+ ................ 4560 274 0.2029 0.0602 3150 178 0.2045 0.0565

Source: Bangladesh, Retrospective Survey of Fertility and Mortality, 1974.
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the number dead are also among the oldest to be
included in multi-purpose inquiries. They were asked,
for example, in censuses of the United States of Amer
ica in the late nineteenth century, in the 1911 census of
England and Wales, and the 1930-1932 "medical cen
sus" of Nigeria. Il It was not until the I%Os, however,
that techniques for converting the proportions of chil
dren dying, tabulated by five-year age groups of moth
ers, into life-table functions were first developed b~

Brass," with subsequent modifications by Sullivan 3

and Trussell." Further refinernents have also been
developed by Preston and Palloni,15 using the age dis
tribution of surviving children; and by Feeney" and
Trussell," who have devised methods of locating in
tirne the mortality estimates derived from each age
group of mothers. The inclusion of the relevant ques
tions in censuses and surveys and the use of the ana
lytical techniques have been so widespread that they
now constitute the principal source of information on
infant and child mortality in the great majority of the
countries where birth and death registration is defec
tive.

The Brass estimates of mortality in the first two
years of life obtained from proportions of children
dying to mothers aged 20-24 were first tested
empirically with data from Canada and Hungary,
where they were compared with the mortality rates
derived from death registration; 18the test showed very
satisfactory agreement between the Brass estimates
and the registered rates. More recently, Somoza" has
made similar comparisons from data for Chile and
Costa Rica. Estimates of both levels and trends
derived from the use of Trussell's regression equations
were compared with the equivalent registered rates;
again, generally satisfactory agreement was found pro
vided the estimates were based on proportions of chil
dren dying to rnothers between the ages of 25 and 50.
The data for rnothers under age 25 tended to give over
estimates of mortality, which is attributed to the "fact
that mortality of children of very young mothers . . . is
higher than the average". 20 Another recent empirical
test, under more extreme conditions, is that made by
Garenne;" using data from a rural area of Senegal,
where not only was the general level of infant and child
mortality very high (nearly half the children born alive
died in the first five years of life), but the age-specifie
pattern of mortality diverged from that depicted by
any of the usual model life tables, the probability of
dying between the ages of 1 and 5 years being substan
tially higher than that in the first year of life. In this
test, the Trussell estimates of mortality in the first two
years of life (qz) based on proportions of children dead
to mothers aged 20-24 years agreed weIl with the
observed mortality rates, except when the regression
equations based on the North model life tables were
used; these equations gave an appreciable underesti
mate of mortality. However, the estimates of q3 and q5
based on the data for mothers aged 25-29 and 30-34,
respectively, aIl tended to underestimate mortality,
the bias being most serious when the North equations
were used. The figures are shown in table IX.2.
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Figure IX.l. Derived partial birth and death rates over
successive ages, by sex, Bangladesh, 1974

B. PROPORTIONS DYING AMONG CHILDREN
EVER BORN

Questions asked of adult women as to the number of
children they have borne, the number still living and

0.1

Source: Based on data from Bangladesh, Retrospective Survey
of Fertility and Mortality, 1974.

Fertility Survey" in 1976, shown in figure IX.2. Fur
thermore, even when the points do lie on a reasonably
straight line, the results should always be examined for
plausibility in the light of international comparisons.
Thus, in the case. of the data for Bangladesh cited
above, the life table constructed from the adjusted
mortality rates gave an expectation of life for males
aged 45 years that was higher than that for males in
England and Wales during the same period-a result
which caused at least sorne eyebrows to be raised.
Lastly, it should be remembered that the method can
normally only be used for the estimation of adult mor
tality; it can rarely, if ever, be used for the correction
of errors in infant and child deaths.
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Figure IX.l. Partial birtb and death rates over successive ages, by sex, derived from data on deaths in the
past 24months using the growth balance method, Jordan
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The data for Senegal discussed above may represent
an extreme mortality pattern, but sorne of the conclu
sions reached confirm the present writer' s experience
with other data for Africa, to the effect that the North
equations tend to give not only lower mortality esti
mates than those based on the other model life table
families but estimates that are less internally consis
tent. This feature becomes most starkly apparent
when each value of q x is equated to a given mortality
level of the modellife-table system and plotted against
the time-location estimates derived by the Feeney or
Trussell methods. The progressive underestimation of
mortality given by the North equations for the older

age groups of mothers simulates a rise in mortality
which may be obviously at variance with the fact that
data obtained for the same country at different periods
clearly show a decline in the proportions of children
dying. The data from the 1%6 and 1976 censuses of
Swaziland, shown in table IX.3 and illustrated in figure
IX.3, expressed in terms of the infant mortality rate,
provide an example, although the use of an alternative
mortality pattern, the West model, also fails to show a
clear mortality trend.

Spurious rises in mortality of this type, however,
should not be attributed solely to defects in the analyti
cal procedures. Progressive underreporting of dead

TABLEIX.2. IMPACf OFTHEMODEL AND AGE PATTERN OFMORTALITY ONESTIMATES OFPROBABILITY
OFDYING,q(X), SENEGAL,I963-1973

South

TrlUs.1I

NorthWestSouthEast

Sullivan

North

Pr~dicled values u.ring various models ÎII coniunction wit" "true"
proportion dead, by age o/mollier and true vailles offertÎüty

WestP2/P3

Brass

PItp2

Actual
values al

Nf:;~:;';:' -----,------ --------------- -----------------,--Probability
ofdying

q(l) . . . 0.2390 0.2575 0.2409
q(2) 0.3721 0.3699 0.3572
q(3) .. . . . . . . . . . 0.4496 0.4095 0.4162
q(5) 0.4894 0.4384 0.4314
4ql 0.3290 0.2436 0.2510

0.3674
0.3928
0.4162

0.3504
0.3715
0.4045

0.3717
0.3952
0.4236

0.3649
0.3964
0.4232

0.2598 0.2529 0.2634 0.2450
0.3717 0.3544 0.3735 0.3703
0.3989 0.3780 0.4030 0.4046
0.4249 0.4119 0.4273 0.4301
0.2230 0.2128 0.2225 0.2452

Source: M. Garenne, "Problems in applying the Brass method in
tropical Africa; a case study in rural Senegal" , paper submitted to
the International Union for Scientific Study of Population Seminar

on Methodology and Data Collection in MortaIity Studies, Dakar,
Senegal, 7-10 July 1981.

"Corrected for omission of deaths in the first month of Iife.
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TABLE IX.3. TRENDS IN INFANT MORTALITY ESTIMATEDUSING TRUSSELL'S REGRESSION EQUATIONS.

SWAZILAND. 1966 AND1976

"North" equations ..West" equations

Infant Infant
Proportion mortality rate monality rate

Baud on Age group ofchildren Mortality (pa J,()()() Time Mo,,'ality (pa J,()()() Time
census of ofmothers surviving level live births) location levet live births] location

1966 ........ 15-19 0.8277 8.64 176 1965 9.72 180 1965
20-24 0.8021 10.54 147 1963 11.01 159 1963
25-29 0.7979 11.61 133 1961 Il.59 150 1961
30-34 0.7738 12,01 127 1959 11.70 148 1959
35-39 0.7577 12,12 126 1956 11.65 149 1956
40-44 0.7295 11.80 130 1954 11.24 155 1953
45-49 0.7110 11.97 128 1951 11.37 154 1950

1976 ........ 15-19 0.8319 9.42 164 1975 10.42 169 1975
20-24 0.8092 10.85 143 1974 11.32 154 1974
25-29 0.8025 12.11 126 1972 12.12 142 1972
30-34 0.7870 12.35 123 1970 12.10 142 1969
35-39 0.7760 12.62 120 1967 12.22 141 1967
40-44 0.7522 12.43 122 1965 11.93 145 1964
45-49 0.7365 12.68 119 1962 12.11 142 1961

Source: Based on data from Swaziland, censuses of 1966 and 1976.

children by older mothers may well be a factor, and
Somoza's 22 suggestion that the data recorded for moth
ers under age 25 may give overestimates of mortality
may also be applicable. A very frequent feature of
child survival data from developing countries, clearly
illustrated by the example of Swaziland delineated in
figure IX.3, is that the estimates of q2 based on data for
mothers in age group 20-24 imply a higher level of mor
tality than the q3 and q 4 estimates derived from moth
ers in age groups 25-29 and 30-34, no matter what
conversion technique or model life table is used. To
illustrate this point, data from the 1970 Population
Change Survey in Malawi and the 1973 census of the
Sudan have been cited elsewhere by the present
writer."

Children borne by mothers aged 20-24 consist
largely of first-order births, which are generally sub
ject to higher mortality than those of second, third and
fourth orders. The same argument applies a fortiori to
data for mothers aged 15-19, and any estimates of
infant mortality derived from these data should be
regarded with the utmost distrust.

Further research on these potential biases is being
undertaken, and it is to be hoped that the results ofthis
research will permit the margins of error in the esti
mates of child mortality derived from these questions
to be further reduced.

C. MORTALITY OF CURRENT BIRTHS

Several censuses and surveys have included ques
tions on CUITent fertility, either in the form of a direct
question about births occurring in the previous 12
months or by asking for the date of the woman' s most
recent live birth, from which women bearing children
during the preceding 12 months can be readily extract
ed. These questions have sometimes also been accom
panied by one asking whether or not the child
concerned is still alive, The mortality rates derived
from these data have generally been regarded as con-
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stituting serious underestimates. For example, in the
1971 census of Botswana, 48 per 1,000 of the children
born during the preceding 12 months were shown to
have died. If this figure is taken as representing
approximately two thirds of the infant mortality rate, it
implies a value for the latter of sorne 72 per 1,000; esti
mates based on lifetime fertility data, however, indi
cated that the true value could not be much less than
100 per 1,000, so that the mortality of CUITent births
was being underreported by sorne 25 per cent.

Similar data and similar calculations for the 1973
census of the Gambia likewise indicated an under
reporting of such deaths by at least 25 per cent. A
study of the tape-recordings made of the census inter
views" showed clearly how such omissions occurred:
the questions were simply not being asked. In about
one third of the tape-recorded interviews concerning
eligible women, the question on the date of the most
recent live birth was not asked. Yet, in the majority of
such cases, entries were in fact being made on the cen
sus schedule; and it must be presumed that the enu
merators were inferring the answers on the basis of
other information, such as the age of the youngest
child in the household. This procedure would clearly
lead to error if the woman had subsequently borne
another child who had either died or was living else
where, but the follow-up question on the survival of
the last-bom child, which had been included in an
attempt to forestall this type of error, was also not
being asked-this time in almost half of the relevant
interviews.

This dismal result, however, has not been the uni
versaI experience. In the 1974Retrospective Survey of
Fertility and Mortality in Bangladesh, the reported
mortality of children born during the preceding 12
months was 97 per 1,000, implying an infant mortality
rate of 145per 1,000; this figure in fact agrees well with
estimates derived from other sources, most of which
indicated that infant mortality in Bangladesh is of the
order of 150 per 1,000 or fewer.



Figure IX.3. Trends in infant mortatity estimated by use of Trussell's regression equations
witb data from Swaziland
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In contrast, the mortality of current births recorded
in the Survey of Mauritania in 1975gave an estimate of
the infant mortality rate that was almost twice the fig
ure derived from the data on lifetime fertility. lt is
clear that the results of these questions should always
be regarded with cautious scepticism.

D. ORPHANHOOD

In contrast to the types of questions discussed
above, the orphanhood questions are of more recent
origin. The idea of estimating adult mortality in devel
oping countries by asking questions about whether
persons' fathers and mothers are still alive was first
proposed by Henry" in 1960, and was first put into
practice in the sample surveys conducted in Chad,
Mauritania and the United Republic of Cameroon
(West Cameroon only) in the mid-1960s. At about the
same time, Brass developed various techniques for
converting the data so obtained into standard life-table
probabilities of survival. His results were made avail
able to interested persons, although they were not offi
cially put before the public until 1973.26 Since then,
further modifications of the analytical procedures have
been developed." In the meantime, the questions have
grown in popularity, perhaps largely as a result of their
simplicity and in the light of the encouraging nature of
the results, which appeared, at first sight at least, to be
both plausible and internally consistent;" the y have
thus been included in several censuses and surveys in
Africa, Asia and Latin America.

It was recognized from the outset, however, that the
entire procedure would be subject to a variety of
potential biases. These biases included the "adoption
effect" (i.e., the substitution of foster parents for true
parents in the response), selectivity arising from cor
relation between the mortality ofthe respondents' gen
eration and that of their parents, multiple reporting of
the same parents by more than one offspring, the
effect of declining mortality, misreporting of the
respondents' ages and the divergence of the patterns
of fertility and mortality in the population under exam
ination from those of the models used for the calcula
tion of the conversion factors.

The magnitude of the bias due to the adoption effect
varies among different parts of the less developed
regions and is probably most serious in Africa, where
the terms "father" and "rnother" are often used
loosely to denote not only a person's biological par
ents but foster parents, older relatives acting, perhaps
temporarily, in loco parentis, or simply as terms of
respect for members of an older generation. Sorne
indication of the possible magnitude of the adoption
bias may sometimes be gleaned by comparing the
numbers of persons reporting their mothers as alive
with the numbers of living children reported by moth
ers in response to questions on lifetime fertility. In the
absence of migration, the two figures should agree.
Table IXA shows these comparisons for sorne selected
developing countries. When looking at these compari
sons, it is necessary to consider other possible causes
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TABLE IX.4. COMPARISON OF NUMBERS OF PERSONS WHO REPORTED

MOTHERS ALIVE WITH NUMBERS OF LIVING CHILDREN REPORTED BY

MOTHERS, SELECTED DEVELOPING COUNTRIES, VARIOUS YEARS

Persons who Living children
reported mothers reported by Percentage

Country Year alive mothers discreponcy

Bangladesh 1974 54253678 50306 167 + 4.8
Bolivia ....... 1975 39883 39428 + 1.2
Botswana o •••• 1971 458071 455555 + 0.5
Gambia ....... 1973 345948 306 113 +13.0
Honduras ..... 1972 24270 24488 - 0.9
Jordan ........ 1976 81540 82063 - 0.6
Kenya ........ 1979 12898552 12274265 + 4.8
Pern .......... 35803 37567 - 4.9
Syrian Arab

Republic .... 1978 82264 82001 + 0.3

of the discrepancies. In the first place, it is often
thought that the numbers of living children reported by
mothers, particularly by older women, tend to be
understated. Secondly, there are the effects of migra
tion: in countries experiencing net emigration, the
numbers of living children reported by mothers wouId
normally be greater than the number ofpersons report
ing their mothers as alive, and vice versa in the case of
immigration. Thus, the large discrepancy shown by
the 1973 census of the Gambia can certainly be
attributed, in part at least, to immigration, as the cen
sus shows about 55,000 persons born outside the coun
try. (In these circumstances, it would clearly be useful
to have the orphanhood data tabulated by the birth
place of the respondent.) On the other hand, the very
good agreement shown by the 1971 census of
Botswana may weil have been the result of compensat
ing errors; sorne overreporting of mothers alive due to
the adoption effect may have been compensated by an
appreciable net emigration. In the case of Jordan,
where the population has been much influenced by
substantial migratory movements in both directions,
the close agreement would seem to owe something to
good luck.

There is no doubt that the group of respondents
most susceptible to the adoption effect are young chil
dren enumerated in the same household as adults who
are shown, in answer to the question on relationship,
as being the parents of the children; in these circum
stances, enumerators rarely bother to probe whether
the children are the true offspring of these so-called
"parents" and automatically record the fathers and
mothers as being alive without asking the questions. In
almost ail censuses and surveys where the orphanhood
questions have been asked, the proportions of children
under age 15 for whom the mothers were shown as
being dead have been so small as to imply unaccept
ably low levels of mortality. The bias is less conspic
uous in the data for fathers, and it could be argued that
the adoption effect is less serious in the case of pater
nal orphanhood than it is in the case of maternai.

The rejection of the orphanhood data for children
under age 15 means that the first usable data are those
for an age group of respondents who represent the sur
vivors of a birth cohort that has already been substan-



tially depleted by mortality. Thus, any correlation
between the mortality of the respondents' birth cohort
and that of their parents will lead to an underestima
tion of mortality by the orphanhood method. The
problem may be illustrated by the data from the 1979
census of Kenya, shown in table IX.5, where the
maternaI orphanhood and child survival data have
been cross-tabulated by the education of the
respondent. Large differentials are clearly apparent in
both sets of data. However, it is comforting to note
that the implied bias in the overallfigures is, in this
case at any rate, negligible. If one assumes that the
respondents' birth cohort has been subject to a level of
mortality commensurate with that indicated by the
child survival data, it is possible to reconstruct the size
of the original birth cohorts for each education group;
the proportions with mothers alive for each education
group can then be reweighted by the number of births
of which the respondents represent the survivors,
rather than by the number of respondents themselves.
The overall proportion with mother alive so obtained
differs from the unweighted proportion by 0.2 per
cent. Similar calculations for older age groups of
respondents yielded similarly trivial differences, more
especially since the proportions of respondents with
any form of education diminished rapidly with increas
ing age. In this respect, therefore, education is perhaps
not the best variable to take to examine the possible
selectivity bias; geographical differentials might weIl
have a greater effect, but it still seems unlikely that
this particular source of bias can be very serious.

The bias due to multiple reporting remains entirely
problematical and no satisfactory method has yet been
devised of measuring it; indeed, it still is not entirely
clear whether this bias would be more likely to cause
an overestimate or an underestimate of mortality.
Attempts have been made in sorne countries to over
COme this problem by asking an additional question as
to whether the respondent is the oldest among his or
her living siblings; a separate analysis of the orphan
hood data for the eldest surviving children was then
made in the hope of thereby securing only one report
on each parent. Unfortunately, in aIl the countries
where this question has been asked, there has been
clear evidence that too many people claim to be the
eldest surviving child of their parents. This error
would tend to give an overestimate of mortality, since
the average age difference between parents and their

true eldest surviving children, to which the models
involved in applying the method would be fitted,
would be lower than that between parents and
reported eldest surviving children; a higher proportion
of parents would thus have died, giving rise to exag
gerated mortality estimates.

The exclusion of the data for the younger age groups
due to the adoption effect, described above, aiso has
the effect that the only usable data represent the cumu
lated mortality experience of a considerable number of
years preceding the survey. Brass and Bamgboye'"
have recently developed a method of time location for
the orphanhood and widowhood estimates, compara
ble with the procedures devised by Feeney and
Trussell for child mortality. On the basis of their
results, the orphanhood estimates derived from data
for respondents between the ages of 20 and 50 years
(which are normally regarded as the most reliable) may
be taken as representing mortality levels for a period
between 8 and 15 years before the survey. Thus, if
adult mortality is thought to be falling, sorne type of
projection will be needed to bring the mortality esti
mates up to date. When the levels of mortality derived
from the orphanhood estimates from different age
groups of respondents are plotted against the time
location estimates derived from the Brass and
Bamgboye method, they have frequently shown such
steep falls in mortality as to be unacceptable. This fea
ture becomes more starkly apparent when two or more
series of orphanhood data are available from different
censuses or surveys. Figure IXA shows such results
for Kenya, where three sets of orphanhood data are
available: from the 1969 and 1979 censuses; and from
the National Demographie Survey of 1977. In this
illustration, the generallevel ofmortality has been rep
resented by the use values of life expectancy at birth in
the right-hand margin (a lower level of alpha implies a
lower level of mortality). The fact that the lines are
parallel clearly dernonstrates the mutual incom
patability of the estimates. Another procedure that
may be applied when two or more sets of orphanhood
data are available is the synthetic-cohort method sug
gested by Zlotnik and Hill;30 application of this tech
nique to data from Peru also yielded very low esti
mates of mortality, which they regarded as unaccept
able, thus shaking their faith in the usefulness of
orphanhood data in general.

In the opinion of the writer, however, such scepti-

TABLE IX.5. DIFFERENTIALS IN ORPHANHOOD AND CHILD SURVIVAL. BY EDUCATION
OF RESPONDENT , KENYA, 1979

Source: Kenya, 1979 census.

Proportion offemales M'ilh momer alive,
by education ofrespondent

Age
group

15-19
20-24
25-29
30-34
35-39
40-44
45-49

Noschoo/ing Primary

0.9124 0.9573
0.8655 0.9257
0.8039 0.8866
0.7103 0.8342
0.6367 0.7767
0.5226 0.6821
0.4198 0.5766

Proportion ofchildrefl dead,
by education of responden/

Secondary No schooling Primary Secondary

0.9730 0.1479 0.1009 0.0613
0.9565 0.1610 0.1054 0.0604
0.9267 0.1749 0.1116 0.0585
0.8886 0.1954 0.1198 0.0567
0.8074 0.2062 0.1324 0.0635
0.7744 0.2363 0.1539 0.0727
0.5949 0.2689 0.1844 0.0851
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Figure IX.4. Trends in female adult mortallty estImated from
orpbanhood and widowhood, Kenya
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cism is not entirely justified, and further research is
needed on techniques that will rninirnize the bias due
to age-misreporting. Since the proportions of persons
with parents alive decline rapidly with age, even a
modest amount of overstatement of age can introduce
a serious bias into the proportion orphaned. It is
thought that this is the principal reason that the pro
portions with parents alive reported by male
respondents are consistently higher than those
reported by females, since, in Africa in any rate, there
is a greater tendency for males to exaggerate their ages
than there is for females. Further evidence of the
effect of age-misreporting can be seen in the extremely
low mortality levels implied by the proportions
orphaned reported by older age groups of respondents,
where age exaggeration on the part of the respondent
becomes increasingly prevalent. Analytical techniques
based on cumulated numbers, rather than age-specifie
proportions, offer greater hope of minimizing the
effect of such bias. Techniques of applying such pro
cedures when two or more series of orphanhood data
are available are currently being investigated.

A more encouraging assessment of mortality esti
mates based on orphanhood data cornes from
Somoza," who compares such estimates for Chile ,
Costa Rica, Guatemala and Panama with the corre
sponding measures of mortality derived from civil reg
istration. His figures show reasonable agreement.

E. WIDOWHOOD

The idea of deriving estimates of adult mortality
from proportions of persons widowed pre-dates the
development of the widowhood method proper. It was
used, for example, by Koblenzer and Carrier" to esti
mate the mortality of an indigenous tribe in Sabah,
Malaysia. However, the method as it is now generally
applied was only developed by Hill in the early
1970s.33 Although not adopted as widely as the orphan
hood approach, the necessary questions have, nev
ertheless, been asked in several developing countries.
Because of the bias due to remarriage, mortality can
not norrnally be estimated from conventional data on
current marital status. The widowhood method the re
fore requires special questions to be asked as to
whether a pers on has been married more than once,
and, if so, whether the first spouse is still alive. This
procedure, in itself, introduces a potential source of
bias, since in sorne circumstances earlier marriages
may be concealed or otherwise underreported. It is
thought that this is particularly liable to happen when
male heads of households are providing information on
behalf oftheir wives. Thus, in the Jordan Fertility Sur
vey in 1976,only 3 per cent of women aged 25-29years
were reported as widowed in their first marriages in
the household schedule, as against 10 per cent shown
by the individual questionnaires. It is thought that this
difference may be attributed to the fact that the infor
mation for the household schedule was usually pro-
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vided by the heads of households, whereas the
individual questionnaires were answered by the worn
en thernselves. Another source of bias arises in the
case of populations where sexual unions are inforrnal
and unstable, thus generating confusion as to what
should constitute an earlier marriage. For this reason,
the questions are perhaps more suited to countries of
Asia and Northern Africa than they are to those of
sub-Saharan Africa or parts of Latin America.

Apart from these difficulties, the widowhood meth
od has certain advantages over that of orphanhood.
Except in rare cases, such as polygamous unions, the
issue of multiple reporting does not arise. Nor is there
any exact equivalent of the adoption effect, unless the
underreporting of earlier marriages could be seen in
this light. The fact that in most developing countries
first marriages are clustered over a relatively short age
range also helps to limit the effects of deviations from
the patterns of the demographie models used in devel
oping the analytical procedures.

The time-location procedures developed by Brass
and Bamgboye for the orphanhood data are also
applicable to widowhood. Since the requisite ques
tions were asked in the 1977 National Demographie
Survey in Kenya, the trends shown by these data are
also plotted on figure IX.4. In contrast to the orphan
hood data, those on widowhood show no general
downward trend, although there is reason to think that
the generallevel of aduIt female mortality indicated by
this procedure constituted an underestimate.

Somoza has also made comparisons between wid
owhood estimates and mortality indices derived from
death registration for Chile and Panama. For Chile, the
widowhood estimates for both sexes tended slightly to
underestimate mortality; for Panama, good agreement
was secured.

CONCLUSION

AlI the mortality questions discussed in this chapter
are relatively simple and are suited for inclusion in
censuses or other forms of multi-purpose survey. They
take up little space on the questionnaires, and the data
so obtained are simple to code, punch and tabulate.
Thus, when reliable indices of mortality are not avail
able from other sources, there is much to be said for
including such questions whenever there is a suitable
opportunity. However, the mortality estimates
derived from them are all subject to biases of one type
or another. With well-conducted field-work, the
results will generally show reasonable agreement so
that they can be accepted with a reasonable degree of
confidence. Sometimes, however, they show wide dis
crepancies, so that any conclusions that are drawn
must be both tentative and determined by the subjec
tive judgement of the analyst. There is still no method
of estimating either fertility or mortality in developing
countries lacking reliable vital registration which can
be guaranteed to give accurate results.



NOTES

IHania Zlotnick and Kenneth Hill, "The use of hypothetical
cohorts in estimating demographie parameters under conditions of
changing fertility and mortality", Demography, vol. 18, No. 1 (Feb
ruary 1981), pp. 103-122.

2Manual IV. Methods of Estimating Basic Demographie Meas
ures from Incomplete Data (United Nations publication, Sales No.
E.67.XIII.2); William Brass, Methods for Estimating Fertility and
Mortality from Limited and Defective Data (Chapel Hill, N .C., Uni
versity of North Carolina, Laboratories for Population Statistics,
1975); Manual X. Indirect Techniques for Demographie Estimation
(United Nations publication, Sales No. E.83.XIII.2).

3Frank Lorimer, Demographie Information on Tropical Africa
(Boston, Mass., Boston University Press, 1961).
~he Mysore Population Study: Report ofa Field Survey Carried

Out in Selected Areas of Mysore State, India (United Nations pub
lication, Sales No. 61.XIII.3).

'Yves Blayo, Afrique noire, Madagascar, Comores: démo
graphie comparée; Vol. 4. Mortalité: niveau (Paris, Institut national
de la statistique et des études économiques and Institut national
d'études démographiques, 1967).

6Chad, Service de statistique. Enquête démographique au Tchad,
1964: résultats définitifs (Paris, published jointly by Secrétariat
d'état aux affaires étrangères chargé de la coopération, Mission
démographique du Tchad; and Institut national de la statistique et
des études économiques, 1966).

. 7W. Brass,op. cit.
8Hoda M. Rashad, "The estimation of adult mortality from defec

tive registration data", unpublished doctoral dissertation, Univer
sity of London, 1978; William Brass, Methods for Estimating
Fertility and Mortality from Limited and Defective Data, Interna
tional Program of Laboratories for Population Statistics, Occasional
Publication (Chapel Hill, N.C., University of North Carolina, 1975);
S. Preston and K. Hill, "Estimating the completeness of death regis
tration", Population Studies, vol. 34, No. 2 (July 1980) pp. 349-366;
Linda G. Martin, "A modification for use in destabilized popula
tions of Brass's technique for estimating completeness of death reg
istration, Population Studies, vol. 34, No. 2 (July 1980), pp. 381-395;
Samuel H. Preston and others, "Estimating the completeness of
reporting of adult deaths in populations that are approximately sta
ble", Population Index, vol. 46, No. 2 (Summer 1980), pp. 179-202.

9United States of America, National Academy of Sciences,
National Research Council, Panel on Bangladesh, Estimation of
Recent Trends in Fertility and Mortality in Bangladesh, Committee
on Population and Demography Report, No. 5 (Washington, D.C.,
National Academy Press, 1981).

I°Department of Statistics, The Jordan Fertility Survey, 1976:
Principal Report, World Fertility Survey report (Amman, 1979).

"0lusola Ayeni, "Demographie characteristics of Nigeria: an
analysis of population data from 1931-1965", unpublished doctoral
dissertation, University of London, 1975.

12William Brass and others, The Demography of Tropical Africa
(Princeton, N.J., Princeton University Press, 1968).

13Jeremiah M. Sullivan, "Models for the estimation ofthe proba
bility of dying between birth and exact ages of early childhood" ,
Po~ulation Studies, vol. 26, No. 1 (March 1972), pp. 79-97.

-r. James Trussell, "A re-estimation of the multiplying factors
for the Brass technique for determining childhood survival rates",
P0f,ulation Studies, vol. 29, No. 1 (March 1975), pp. 97-108.

'Samuel H. Preston and Alberto Palloni, "Fine-tuning Brass
type mortality estimates with data on ages of surviving children' , in

89

Population Bulletin of the United Nations, No. /0-1977 (United
Nations publication, Sales No. E.78.XIII.6), pp. 72-87, and Alberto
Palloni, "Estimating infant and childhood mortality under condi
tions of changing mortality", Population Studies, vol. 34, No. 1
(March 1980), pp. 129-142.

16Griffith Feeney, "Estimating infant mortality rates from child
survivorship data by age of mother", Asian and Pacifie Census
Newsletter, vol. 3, No. 2 (November 1976), pp. 12-16; and "Estima
ting infant mortality trends from child survivorship data", Popula
tion Studies, vol. 34, No. 1 (March 1980), pp. 109-128.

17See Manual X. Indirect Techniques for Demographie Estima
tion.

18Manual IV. Methods ofEstimating Basic Demographie Meas
ures from Incomplete Data.

19Jorge Somoza, "An evaluation of the performance of indirect
estimation techniques in the analysis of defective data" , in Interna
tional Population Conference, Mani/a, 1981 (Liège, International
Union for the Scientific Study of Population, 1981), v. 3, pp.
375-396.

2oIbid., p. 382.
21M. Garenne, "Problems in applying the Brass method in tropi

cal Africa: a case study in rural Senegal", paper submitted to the
International Union for the Scientific Study of Population Seminar
on Methodology and Data Collection in Mortality Studies, Dakar,
Senegal, 7-10 July 1981.

22J. Somoza, op. cit.
23J.G. C. Blacker, "The application of indirect techniques for the

estimation of fertility and mortality to African data", paper submit
ted to the [United Nations] Expert Group Meeting on Fertility and
Mortality Levels, Patterns and Trends in Africa, Monrovia, Liberia,
26 November-l December 1979.

24M.Gibril, The Problem of Identifying and Measuring Response
Errors from Survey Data (Paris, Organisation for Economie Co
operation and Development, 1977).

2.5Louis Henry, "Mesure indirect de la mortalité des adultes",
P0J:,ulation, vol. 15, no. 3 (June-July 19(0), pp. 451-466.

W. Brass and K. H. Hill, "Estimating adult mortality from
orphanhood", in International Population Conference, Liège. 1973
(Liège, International Union for the Scientific Study of Population,
1973), vol. 3, pp. 111-123.

27K. Hill and J. Trussell, "Further developments in indirect mor
tality estimation", Population Studies , vol. 31, No. 2 (July 1977),
pp. 313-333; and Manual X. Indirect Techniques for Demographie
Estimation.

28J. G. C. Blacker, "The estimation of adult mortaIity in Africa
from data on orphanhood", Population Studies , vol. 31, No. 1
(March 1977), pp. 107-128.

29William Brass and E. A. Bamgboye, The Time Location of
Reports of Survivorship: Estimates for Maternai and Paternal
Orphanhood and the Ever-Widowed, Centre for Population Studies
working paper, No. 81-1 (London, London School of Hygiene and
Tropical Medicine, 1981).

3"H. Zlotnick and K. Hill, loc. cit .
31J. Somoza, op. cit.
32p. J. Koblenzer and N. H. Carrier, "The fertility, mortality and

nuptiality of the Rungus Dusun", Population Studies , vol. 13, No. 3
(March 19(0), pp. 266-277.

33Kenneth Hill, "Indirect methods of estimating adult mortality
levels", unpublished doctoral dissertation, University of London,
1975; and "Estimating adult mortality levels from information on
widowhood", Population Studies , vol. 31, No. 1 (March 1977), pp.
75-84.



X. USE OF SPECIAL MORTALITY QUESTIONS IN FERTILITY SURVEYS:
THE WORLD FERTILITY SURVEY EXPERIENCE '"

John Hobcraft/"'

As indicated by its name, the World Fertility Survey
was not primarily intended as a mortality survey. Yet,
its results probably constitute the richest body of data
on infant and child mortality currently available for
developing countries. Much of the potential of these
data has only recently begun to be exploited and much
remains to be done.

The intentions of this chapter are to review briefly
the nature of the information relevant to the study of
mortality which has been collected in the World Fertil
ity Survey, to review the various assessments of the
quality of data on infant and child mortality, to discuss
the relative advantages and limitations of retrospective
maternity histories for the study of infant and child
mortality, to provide sorne highlights of findings to
date from comparisons across a large number of coun
tries, to give sorne preliminary findings on the inter
play between individual and household factors in
determining levels of infant and child mortality and to
outline sorne of the major directions for future utiliza
tion of these data.

A. WORLD FERTILITY SURVEY DATA
ON MORTAUTY

Infant and child mortality

At the heart of every survey in the World Fertility
Survey programme is a complete birth history for each
woman included in the individual interviews. This his
tory attempts to provide reliable information on the
time of occurrence of each live birth (and stillbirth), its
sex, whether still alive; and, if dead, the time that the
child lived. The actual procedures used to obtain the
dating vary among countries; a summary for the first
19 countries is given in table X.l. In general, attempts
were made to get a month and year for the occurrence
of each birth; and in all cases, either a calendar year or
an age were recorded (except for 0.2 per cent of mater
nities in Guyana). Table X.2 summarizes the distribu
tion of births by the form in which their dates were
reported for all maternities that resulted in live births
for the subset of the first 19 countries for which this
information was available. In all instances, a date in

·The original version of this chapter appeared as document IESA/
P/AC.17/10.

··Chief, Comparative Analysis Section, World Fertility Survey,
London, United Kingdom of Great Britain and Northern Ireland.
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months and years was imputed, subject to relevant
constraints, where not reported. This imputation pro
cedure cannot by itself misplace births seriously in
time, at least for purposes of studying infant mortality.
Equally, the imputation procedure used on births has
no effect on the age at death for non-surviving chil
dren.

Ages at death or length of life of dead children are,
of course, not always accurately known. In particular,
for deaths in the first year of life, heaping on exact
years (with zero months) is by no means easy to
detect, as deaths in the first month of life (neonatal
mortality) are likely to be frequent. For many of the
surveys, there is evidence of heaping on exact years of
age at death, or perhaps non-reporting of months. In
so far as such heaping represents an age at death in
completed years, this will have little effect on conven
tional mortality calculations. However, a tendency to
report late infant deaths as occurring at age 1 would
result in a downward bias in estimated infant mortality
rates. Similarly , though to a lesser extent, upward
transfer across exact year-of-age boundaries at higher
ages of death would also affect mortality estimates.

The apparent degree of accuracy of the ages at death
available to the analyst of infant and child mortality
with World Fertility Survey data varies somewhat
between surveys. Most frequently, the ages at death
are coded in single months and years. Of the 23 coun
tries that have published their reports, for which sorne
results are given later, 12 fall into this category:
Bangladesh; Fiji; Guyana; Haiti; Jamaica; Jordan;
Kenya; Malaysia; Nepal; the Philippines; the Republic
of Korea; Senegal. For a substantial number of the
remaining countries, deaths in infancy are coded into
four categories: under 1 month; 1-2 months; 3-5
months; and 6-11 months. In all these cases, deaths are
then presented at age 1 and then for ages 2-4 years
combined, but there are minor variations over age 5.
In Colombia, Costa Rica, Indonesia, Mexico, Panama
and Sri Lanka, the groups 5-9 years and over 10 years
are used; in Peru and Thailand, there is no subdivision
over age 5; and in Pakistan, the groups are 5-14 years
and over 15 years. Lastly, for the Dominican Republic
and Venezuela, deaths are coded by single years of
age, with no further subdivision, even in infancy,

AH World Fertility Survey reports also contain a
range of other information relevant to the study of
infant and child mortality. First, all the demographie



TABLE X.1. QUESTIONS AND TECHNIQUES USED TO OBTAIN DATES INTHE MATERNITY H1STORY.
19 WORLD FERTILITY SURVEY COUNTRlES

Daling of births Dattng ofdeotks of chi/dren

Monlh Numberof Age Age Duration Monlh Age How long Numberof Age
Majorarea and years of of of and al chill, yeats of
and country year Season aga child respondent interval year Season dealh 8 lived aga respondent

Asia
Bangladesh Yes Yes Yes Yes
Indonesia ......... Yes c Yes d Yes e Yes
Jordan ............ Yes Yes Yes
Malaysia ·......... Yes Yes Yes Yes
Nepal •••••••••• o, Yes Yes Yes Yes Yes Yes Yes
Pakistan .......... Yes Yes Yes Yes
Philippines ........ Yes Yes Yes Yes
Republic of Korea ... Yes! Yes Yes Yes Yes Yes f Yes Yes
Sri Lanka ......... Yes Yes Yes
Thailand ·......... Yes Yes Yes

Latin America
Colombia ......... Yes Yes Yes
Costa Rica ........ Yes Yes Yes
Dominican Republic Yes Yes Yes
Guyana ........ '" Yes Yes Yes Yes
Jamaica ••••••••• o' Yes Yes Yes Yes
Mexico ........... Yes Yes Yes
Panama ........... Yes Yes Yes
Pero .............. Yes Yes Yes

Oceania
Fiji Yes Yes

Source: Christopher Scott and S. Singh, "Problems of data collec
tion in the World Fertility Survey", paper submitted to the World
Fertility Survey Conference, London, 7-11 July 1980.

8The question was: "How old was the child when he/she died?".
t>rhe question was: "How long did the child live?".

TABLE X.2. DATE OFALL MATERNITIES: PERCENTAGE DISTRIBUTION
ACCORDING TO FORM OF REPORTING, SELECTED WORLD FERTILITY
SURVEY COUNTRlES

Percentage distribution according
10 form ofreporting

Total number
Numberof of

Mqjorarea Monlh and Year years aga futile pregnancies
and country vear only only (/IXJ per cenl)

Asia
Bangladesh 12.3 2.5 85.2 25515
Indonesia 46.5 10.4 43.1 32014
Jordan .... 66.5 11.2 22.3 19351
Malaysia ·. 86.2 13.88 0.0 26473
Pakistan · . 79.8 20.2 0.0 20943
Philippines. 96.2 3.8 0.0 45238 b

Sri Lanka .. 73.4 17.5 9.1 26889
Thailand .. 84.2 12.6 3.2 14899

Latin America
Guyana" .. 91.2 3.6 5.0 16716b

Jamaica ... 90.6 0.1 9.3 10766b

Panama ... 97.7 2.3 0.0 12474
Pero ...... 93.1 6.9 0.0 25326

Oceania
Fiji 86.3 13.7 0.0 18634

Source: See table X.l.
8Including some with only years ago stated.
bJ'otal number of pregnancies, including non-fertile pregnancies.
cNo date was given for 0.2 per cent of fertile pregnancies.

information-such as the date ofthe chiId's death, age
of the mother at that time, sex ofthe chiId, birth order,
whether a multiple birth, length of the subsequent
birth interval, length ofthe previous birth interval, sur
vivorship status of the previous child and marital sta-
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Yes

eyear and month asked separately.
dMonths and years ago.
"The question was: "How many years and months after your (first

marnage, previous birth) ... T":
fA battery of questions was asked.

tus of the mother at the birth of the child-permit
extremely useful studies of demographie difTerentiaJs.
Moreover, ail surveys include a basic range of back
ground variables, such as the mother's education,
place ofresidence, childhood place ofresidence and
work history variables; and the CUITent husband's edu
cation, occupation, work status and employment sta
tus. Several surveys included additional questions on
such topics as religion, ethnicity, language and migra
tion for the women; and age, income and migration for
the husband.

In addition, information is available on length of
breast-feeding for the two most recent births in ail
countries except Fiji, where it is only available for the
most recent birth. In Pakistan and the Republic of
Korea, the length ofbreast-feeding was obtained for
every live birth.

Three of the 23 countries obtained sorne information
on maternai and child health. The Dominican Republic
asked questions of ail women who had a pregnancy in
the previous year, whereas Peru and Mexico asked ail
women about their most recent or CUITent pregnancy.
The information collected varies in its exact nature but
inc1udes type of medical care during pregnancy, place
of delivery and who assisted at the delivery (excluding
the Dominican Republic); whether, and if so where,
the child was taken to a physician; and whether, and if
so when, vaccinated.

Two further sources of information are relevant to
the study of infant and childhood mortality in the



World Fertility Survey: the household and community
questionnaires. Several countries included questions
on children ever born and children surviving in the
household surveys, permitting the indirect study of
infant and child mortality, usually on a larger sample
of women. This is the case for Colombia, the Domin
ican Republic, Jordan, the Republic of Korea, Senegal
and Venezuela; and it is effectively so for the non
World Fertility Survey household surveys, from which
the World Fertility Survey samples were drawn, for
Indonesia, Kenya and Thailand.

In sorne countries-Jamaica, Jordan, Malaysia,
Mexico, Panama, the Philippines and Sri Lanka
questions were asked about the source of drinking
water and, in four cases, cooking-water. Equally valu
able, in Haiti, Jordan, Malaysia, Mexico, Panama, the
Philippines and Sri Lanka, questions were asked about
lavatory facilities.

Community-Ievel questionnaires were not used in aIl
countries and were, as a rule, only used in rural areas
because of the problems of defining corn munity in
urban areas (Mexico was an exception). Of the 23
countries discussed here, Bangladesh, Jordan, Malay
sia, Mexico, Pakistan, Peru, the Philippines, the
Republic of Korea and Thailand used community-Ievel
questionnaires, although they varied widely from
country to country. They aIl included sorne informa
tion on availability or accessibility of various health
care facilities, including hospitals, clinics, doctors,
nurses etc. Bangladesh, Jordan and the Republic of
Korea included specifie but limited information on
maternaI and child health care; and Bangladesh
included a specifie question on vaccination facilities.
In addition, Bangladesh, Malaysia, Mexico, Pakistan,
Peru and the Philippines aIl asked specifie questions
on water-supply; and Malaysia, Mexico and Peru also
asked about sewerage. In Bangladesh, a question was
included on availability of a communal latrine; and in
Malaysia, a question was included on garbage dis
posaI. In Peru, the altitude was recorded. Lastly,
Malaysia included a series of questions on disease
prevalence in the community, covering malaria, tuber
culosis, cholera, dengue and helminthic ailments (or
worm infestations), and a general question on what
were the most prevalent diseases.

Adult mortality

In general, the World Fertility Survey has not set
out to collect information on adult mortality. AIl the
individual surveys contain a complete union history,
which, in principle, permits the calculation of wid
owhood rates (Le., death rates of husbands) by age of
woman and gives sorne information about male mor
tality, although an adjustment would be required to
relate it to age of the male and the range of ages cov
ered is very limited.

More importantly, an attempt has been made in sev
eral countries, particularly for the more recent surveys
in Africa, to obtain estimates of adult mortality using
the mortality module. This effort relies mainly on indi-
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reet estimation procedures, including questions on
maternaI and paternal mortality (orphanhood), with
a question on whether the (sometimes proxy) respon
dent was the eldest surviving child of the parent;
whether the first spouse was still alive (widowhood);
and deaths in the previous two years, obtaining the sex
and age at death of the deceased and the date of death.
These questions were included in full in Jordan (and
also are included in the forthcoming surveys for
Lesotho, Mauritania, Morocco, the Sudan, the Syrian
Arab Republic, the United Republic of Cameroon and
Yemen). The Republic of Korea used the questions on
orphanhood and recent deaths, the Dominican
Republic asked about maternal orphanhood only, and
Mexico and the Philippines asked only about recent
deaths in a 12-month period.

In view of the limited experience in analysing data
on adult mortality from the World Fertility Survey, it
is discussed here, while the bulk of the remainder of
the chapter considers infant and child mortality. A pre
liminary report on the Jordanian data indicates that the
recent deaths were grossly underreported (this seems
to be a general problem with such data) and that wid
owhood was also substantially underreported; but
results from the orphanhood data seem consistent and
plausible. There are preliminary indications that the
results from the survey in the Syrian Arab Republic
are much better, showing mutual consistency between
the orphanhood and widowhood estimates. The study
of differentials is always problematical with indirect
estimation procedures, particularly when the events
may have occurred a long time in the past. In early
adulthood, death rates are fairly low, which also
makes the study of differentials problernatical. The
greatest problem of aIl with the study of differentials in
adult mortality from the types of data considered here
is that the limited information on characteristics of
households, communities and persons in the house
hold rarely refer to the experience of the deceased.
This deficiency is clearly particularly true of orphan
hood but is also problematical for previous spouses.

B. DATA QUALITY

A review of aIl known reports on infant and child
mortality using World Fertility Survey data, including
the relevant chapters of the evaluation reports, shows
that the data for the 22 countries concerned are gener
ally of remarkably high quality. In no single instance
was there a demonstrably better source of information
on infant and child mortality at the nationallevel. The
only major exception to this generalization is that
there is sorne evidence, mainly from internaI consis
tency checks, of increasing differential omissions of
dead children beyond 15-20 years prior to the surveys
for several countries.

In view of the widespread lack of reliable registra
tion data in developing countries, these evaluations
very often had to rely on purely internaI consistency
checks. A good example of a thorough check of inter
naI consistency is Somoza's' illustrative analysis for



Colombia. Screening procedures usually include: plau
sibility of age patterns, compared with model or other
life tables; examination of sex ratios; examination of
time trends in sex ratios and for subgroups of the pop
ulation; and study of patterns by age of mother or birth
order. In virtually every country so far, the Survey
data survive these screening procedures remarkably
weil, giving at least moderate confidence in the results.

The other form of checking, which can be carried
out in fewer countries, involves comparison with data
sources other than the World Fertility Survey. In a few
countries, especially Costa Rica and Malaysia, good
vital registration data exist and the Survey data com
pare quite weil. In many other countries fragmentary
information from a variety of censuses or surveys
exists, especially child survivorship questions which
give indirect estimates but also other more detailed
surveys. Again, there has been no instance of esti
mates based on the Survey data being seriously defi
cient when compared with these other sources.
Indeed, in many countries, the estimates based on the
maternity histories obtained in the Survey are demon
strably superior to those from other sources.

For example, the Panel on Thailand of the United
States National Academy of Sciences concludes that
"the results from SOFT (WFS), taken between the
rounds of the second SPC and therefore referring to a
similar time period are consistently higher, perhaps
indicating a lower omission of dead children using the
pregnancy history question"." For Mexico, the Survey
data were found to be "remarkably free of inconsisten
cies, especially for the twenty years prior to the sur
vey" and demonstrably better than estimates derived
from the subsequent Contraceptive Prevalence Sur
vey.' For the 1975 survey in the Dominican Republic,
evidence was found" of omissions prior to 1960, but
only of infant deaths and not of chiId deaths, suggest
ing omission of early deaths. In addition, the results
were remarkably close to other estimates and there
was no evidence of selective omissions, for example,
by education or residence. In 1980, the Dominican
Republic, with technical assistance from the World
Fertility Survey, carried out a second-round survey,
which replicated the birth history questions (among
others). In a preliminary analysis of the survey,S it was
possible to compare estimates for the same calendar
periods from the two surveys, The consistency was
generally reassuring, with the omissions apparent
before 1960 in both surveys, but there was some evi
dence that mortality de cline may have been slightly
overstated in the 1975 survey.

It should be stressed that the view here is that ail
evidence accumulated so far points to World Fertility
Survey data being generally at least as good as and
often better than other national data sources. This is
not a claim of perfection. It is quite plausible that aIl
retrospective surveys omit some early infant deaths
and thus understate infant and child mortality, as also
occurs in many registration systems. Internal consis
tency checks are not certain to pick up evidence of
such omissions, although it would be surprising indeed
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if omissions were constant across time, educational
groups, urban/rural categories, sex of child etc. Thus,
one may have a fair degree of confidence in these data.

Problems of evaluation can be ilIustrated by refer
ence to Senegal. In general, the data pass internal con
sistency checks, although they suggest some problems
with the recording of neonatal deaths. The only reli
able external source" of data on infant and child mor
tality is the longitudinal survey in an area centred on
the village of Ngayokheme in Siné Saloum Province,
Senegal, which gives an estimated sqo of 0.467 for
births in the period 1963-1973. For births in the period
1968-1973, the Senegal Fertility Survey gives a sqo of
0.275 for the country as a whole and 0.286 for Sine
Saloum Province as a whole; even allowing for the
possible omission of neonatal deaths, these values
would scarcely exceed 0.810. The question is what
does one make of these differences: is Ngayokheme
representative of mortality in Sine Saloum Province as
a whole? If so, the World Fertility Survey data would
be manifestly deficient; yet, for Casamance, the Sene
gal Fertility Survey gives a sqoof 0.361 for births in the
period 1968-1973. If this figure were deficient by an
amount similar to the apparent discrepancy for Sine
Saloum, child mortality would be astoundingly high in
Casamance. Nevertheless, one must stand by the
assertion that these data are the best available national
data source for Senegal (though the competition is not
stift). It is impossible to assess their accuracy against
the one external source, and the internai consistency,
with the exception of neonatal deaths, is good.

C. DESIGN ISSUES

This section outlines some of the comparative mer
its of maternity histories for the analysis of infant and
child mortality. In particular, there is a series of issues
connected with the retrospective nature of the data
which require discussion. As the quality of the results
on infant and child mortality obtained from the World
Fertility Survey have already been considered and a
positive conclusion reached, these issues are not
addressed again.

A major source of information on infant and child
mortality for developing countries has been through
the use of the retrospective questions on children ever
born and children surviving in a large number of cen
suses and household surveys. These data are used to
produce indirect estimates of life-table functions of
mortality with the Brass procedure or its subsequent
modifications. This effort involves a number of
assumptions about the age pattern of mortality, con
stancy of fertility over time, lack of differentials by age
of mother (or birth order) etc. It is only very recently
that it has become possible to estimate time trends, on
the assumption of a fixed pattern of mortality change.

Good maternity history data provide a much richer
potential for analysis than could ever be contemplated
from summary retrospective questions. For example,
it is possible to estimate directly mortality levels and
trends for, say, the 20 years prior to the survey.



Trends in the different components of infant and child
mortality can be examined separately, with separation
of neonatal, post-neonatal and child rates or even finer
subdivision. (The age range of women covered in a
typical World Fertility Survey country is 15-49, which
restricts the age range covered in earlier periods to
progressively younger upper limits.) A fascinating
range of demographie differentials in infant and child
mortality cao also he considered singly and conjointly.
These include differentials by sex of child, age of
mother at the birth, birth order, single versus multiple
confinements, interval since previous birth (optionally
by its own survival status), interval to subsequent
birth and consequent effects and marital status of the
mother at birth (using the marriage history). In addi
tion, although presenting more complex analytical
problems, the relation between breast-feeding and
infant mortality for the two most recent births can be
partially examined. In many instances, it is also possi
ble to examine at least partial time trends for these dif
ferentials. This list of topics on its own gives a
formidable advantage to maternity histories as a
source of data on infant and child mortality, when
compared with simpler retrospective questions. AI
though relatively few detailed analyses have yet been
published on these issues, it is clear that the Survey
data will make a major contribution to the knowledge
of such differentials and that more elaborate multivari
ate analyses should considerably enhance understand
ing of the interrelations between these variables.
Studies of this topic are already weil under way or in
press for several countries, including Bangladesh,
Kenya, the Republic of Korea and Sri Lanka, as weil
as a comparative study on several countries of Latin
America. At the World Fertility Survey, work is weil
advanced on a cross-national summary of the se demo
graphie differentials, and sorne results from this effort
are presented later in this chapter.

Moving beyond purely demographie differentials is
clearly of major policy interest and the Survey data
can make a major contribution here as weil. However,
the cross-sectional nature of the country surveys does
impose greater limitations upon the analysis of socio
economie and other differentials. Almost ail of the
information collected on these background variables
refers to status at the time of the country survey. This
factor poses few problems, even for analysis over long
periods, in the cases of education, ethnicity and, per
haps, religion of the mother, which are relatively fixed
attributes, even by the beginning of childbearing. The
same relative fixity for childbearing experience is also
true for the mother' s usual type of place of residence
during childhood and work status and occupation prior
to marriage, although greater care in interpretation is
required when examining differentials in infant and
child mortality by these variables. The woman's (or
mother's) work status, occupation and place of work
since marriage are vaguely defined in time; and differ
entials in infant and child mortality will thus be
imprecise for these variables, although still of interest.
Most of the other variables that can be used are cur-
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rent status variables, such as region or type of place of
residence; and current or last husband's charac
teristics, including childhood type of place of resi
dence, education level, literacy, occupation and work
status (for women still in their first union with no pre
union births, sorne of these husband's characteristics
are fixed). Equally, if one moves beyond the indi
vidual-level attributes to household attributes or com
munity-Ievel variables, these again represent the
current situation.

It is clear from the foregoing discussion that consid
erable care is required in examining socio-economic or
other differentials from retrospective data. An obvious
approach to minimizing the difficulties is to restrict
analysis to a recent period and to exercise caution in
interpreting the results. Perhaps regarding the current
attributes as being at least a good indicator of past
socio-economic status is the easiest way out. Yet, it is
clearly of considerable interest to attempt examination
of the effects of each variable and the interplay

. between them. Sorne judgement and caution are
required, but the retums to careful analysis will still be
substantial and the results from studies so far are
encouraging. The World Fertility Survey has recently
begun work on a cross-national summary of differen
tials in infant and child mortality by the standard back
ground variables, and a comparative project on the
interrelations between these factors is also at the
development stage.

One of the most interesting policy areas on which
the Survey data can throw sorne light is the interplay
of individual and health attributes at both the house
hold and community levels. This study cannot be done
for ail countries but is a fascinating topic for those
where such household and community data exist. Only
one study utilizing this interplay has been published so
far, although another project is weil advanced in Jor
dan. A few indicative results from Meegama's? work
on Sri Lanka and sorne further exploratory work are
presented later in this chapter.

D. SOME RESULTS

This section first presents sorne indicative key
results for ail 23 countries with a published report and
then presents an illustration of sorne work on the inter
play between individual and household attributes in
determining infant and child mortality.

Comparative results

The tables given here are a subset of those which
will be included in the forthcoming World Fertility
Survey cross-national summaries on infant and child
mortality and have been made available by Shea Rut
stein, one of the co-authors. Table X.3 presents the
estimates of levels of several mortality indicators for a
period of 0-4 years prior to the survey with countries
ranked by their values of 5QO' These results confirm
that infant and child mortality is extremely high in Sen-



TABLE X.3. CURRENT LEVELS OF INFANT AND CHILD MORTAUTY IN THE PERIOD 0-4 YEARS PRIOR TO THE SURVEY.

23 WORLD FERTILITY SURVEY COUNTRIES

(Rates per J,()()())

Mortality rates for childre«:

Infant Post- Aged
mortality Néonatal neonatal Under Aged 2-4

Date of rate morlu/ity mo,tality age 5 1 year years

Country survey (l)q(O) rate rate (')q(O) (I)q(l) (3)q(2)

Senegal ................... 1978 111.8 49.6 62.1 262.4 73.9 103.4
Nepal .................... 1976 142.3 75.4 66.9 234.6 53.7 57.0
Bangladesh ................ 1975(76 135.0 73.7 61.3 221.6 34.6 67.9
Pakistan .................. 1975 139.0 79.9 59.0 207.2 33.1 47.8
Haiti ..................... 1977 122.7 60.5 62.2 191.1 29.5 49.9
Indonesia ................. 1976 94.6 47.3 47.3 158.5 26.4 45.4
Pero ...................... 1977(78 96.5 43.8 52.7 149.3 31.3 28.0
Kenya .................... 1977(78 86.6 37.8 48.8 141.6 27.9 33.3
Dominican Republic 1975 88.6 a a 128.5 25.3 18.9..... '"

Colombia ............. , ... 1976 69.6 33.5 36.2 107.9 18.5 23.0
Mexico ................... 1976(17 71.6 40.9 30.7 96.0 12.5 14.0
Philippines '" ............. 1978 58.3 24.5 33.7 92.9 15.5 21.6
Thailand .. , ............... 1975 65.1 38.9 26.2 90.9 8.6 19.2
Sri Lanka ................. 1975 59.9 36.9 23.0 86.1 8.2 19.7
Jordan .................... 1976 65.6 27.5 38.1 79.7 9.3 5.8
Guyana ................... 1975 57.6 34.3 23.3 77.2 11.7 9.2
Venezuela 1977 53.1 a a 63.7 5.5 5.7................
Costa Rica ................ 1976 53.3 24.8 28.5 61.3 3.9 4.6
Fiji 1974 47.0 a a 58.5 5.4 6.7.......................
Republic of Korea ......... 1974 41.7 23.0 18.7 56.1 6.9 8.1
Jamaica ................... 1975(76 43.0 23.9 19.1 55.8 8.1 5.3
Malaysia .................. 1974(lS 36.1 13.9 22.2 49.8 5.5 8.7
Panama ................... 1976(17 32.8 20.5 12.3 45.7 5.6 7.9

NOTE: Countries are ordered by level of (5)q(0). aRate not calculable.

egal, Nepal, Bangladesh, Pakistan and Haiti. The
relationships between neonatal and post-neonatal mor
tality rates suggest that neonatal deaths were under
reported in Senegal in relation to the other countries;
and the neonatal rates for the Philippines, Jordan and
Malaysia also seem low, perhaps indicating omissions
of neonatal deaths or upward transfers into the post
neonatal age range. Mexico has relatively low child
mortality, whereas that of Guyana is relatively high.
Of greatest note are the child mortality rates recorded
for Senegal, which confirm long-held opinions and
fragmentary evidence, at least at the nationalleveI. It
should be menlioned again that no subdivision of
infant deaths is possible for the Dominican Republic
and Venezuela, and that this situation is effectively
true for Fiji, owing to an error in the coding rules.

Table X.4 shows the relative change in infant and
child mortality rates over time, with the period 0-4
years prior to the survey set to 100. This table is
restricted to experience of mothers aged 20-29years at
the time of the birth, in order to control for the pro
gressive truncation of age ranges that would occur for
the more remote periods. In this and subsequent tables
in this subsection, values are given in parentheses
when any of the exposures used in the synthetic
cohort calculations falls below 500. Even with this
restriction one must mention that the rates are subject
to quite large sampling fluctuations and that not too
much weight should be placed on minor variations. Of
the 23 countries, Il exhibil infant mortality rates at
least 30 per cent higher 15 years prior to the most
recent period considered (probably 12 if one includes
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Costa Rica, which exhibits a deficiency of infant
deaths 15-19 years prior to the survey, as do the
Dominican Republic, Senegal and, perhaps, Haiti).
Several countries exhibit extraordinarily rapid
declines in childhood mortality, including Costa Rica,
the Republic of Korea, Venezuela and especially Jor
dan. Even for Jordan, though, the value for 3q2 for the
period 15-19 years prior to the survey is a still plausible
47 per 1,000. In general, the declines in childhood mor
tality are dramatic and fairly consistent, with 15coun
tries having levels of Iql and 13 having levels of 3q2 at
least 50 per cent higher in the period 15-19 years prior
to the survey than for the most recent period. In
Guyana, the time patterns of child mortality are some
what strange, particularly for Jq2, although this finding
may simply retlect a rather high value for the most
recent period. Bangladesh may weil be expected 10
have had high mortality, perhaps especially child mor
tality, in the five years prior 10 the survey, due to the
war and several natural disasters.

For the period 15-19 years prior to the survey, the
overall values of 5QO have been examined, except Ihat
the period 10-14 years prior was considered for the
Dominican Republic, Haiti and Senegal, and for infant
mortality in Costa Rica. The values of 5QO (per l ,(00)
are approximately 300 for Nepal and Senegal; about
250 for Bangladesh, Haiti and Pakistan; about 200 or
more for Indonesia, Jordan, Kenya and Peru; about
150 for Colombia, the Dominican Republic, Mexico
and Thailand; and approximately 100 for Costa Rica,
Guyana, Jamaica, Malaysia, the Philippines, the
Republic of Korea and Sri Lanka; and about 75 for



TABLEX.4. RELATIVE CHANGE IN INFANT AND CHILD MORTALITY RATES OVER TIME. CHILDREN WITH MOTHERS IN AGE GROUP 20-29
AT TIME OF THE BIRTH. 23 WORLD FERTILITY SURVEY COUNTRIES

Number ofyears prior 10 the survey

().4 5·9 1Q-l4 15-19

Mor/oUfy rate Mortality raie Monalily raie Mortality raie

Infant
of cltildren:

Infant
ofchildren:

Infant
ofchildren:

Infant
ofchlldren :

mortaiiry Aged Aged 2-4 mortality Aged Aged 2-4 mortaiity Aged Aged 2-4 mortality Aged Aged 2-4
Date of rate 1 vear years raie 1 year vears raie / year years raie 1 year years

Country survey (I)q(O) (I)q(l) (3)q(2) (I)q(O) (I)q(I) (3)q(2) (I)q(O) (1)q(I) (3)q(2) (I)q(O) (I)q(l) (3)q(2)

Senegal .............. 1978 100 100 100 115 110 lOS lOS 113 125 99 93 118
Nepal ............... 1976 100 100 100 lOS 93 101 126 114 134 127 113 160
Bangladesh ........... 1975n6 100 100 100 92 67 77 109 60 84 117 100 96
Pakistan ............. 1975 100 100 100 99 94 83 104 155 104 1I9 175 120
Haiti ................ 1977 100 100 100 123 103 117 129 123 156 123 122 (173)
Indonesia ............ 1976 100 100 100 101 132 105 13l 162 124 132 198 147
Pern ................. 197m8 100 100 100 114 117 118 121 158 150 132 170 189

IQ Kenya ............... 197m8 100 100 100 llO 129 117 1I6 124 121 146 123 1560'1
DominicanRepublic ... 1975 100 100 100 115 102 106 123 130 139 84 99 (134)
Colombia ............ 1976 100 100 100 104 97 93 120 145 106 142 202 104
Mexico ••••••••••• o •• 1976m 100 100 100 114 156 123 120 177 149 125 204 245
Philippines ........... 1978 100 100 100 99 92 88 98 127 103 99 130 92
Thailand ............. 1975 100 100 100 134 101 138 151 154 153 160 202 160
Sri Lanka ............ 1975 100 100 100 96 124 77 99 120 95 110 151 153
Jordan ............... 1976 100 100 100 102 191 165 121 344 322 174 487 818
Guyana .............. 1975 100 100 100 96 57 84 lOS 1I4 60 128 166 47
Venezuela ........... 1977 100 100 100 89 137 166 82 212 1I7 89 257 (348)
Costa Rica ........... 1976 100 100 100 139 366 153 158 400 173 113 431 324
Fiji .................. 1974 100 100 100 112 86 60 1I4 106 99 137 140 75
Republicof Korea .... 1974 100 100 100 139 194 196 147 272 347 161 281 406
Jamaica .............. 1975n6 100 100 100 88 109 107 97 102 160 170 236 205
Malaysia ............. 1974n5 100 100 100 109 127 86 153 13l 147 207 196 274
Panama .............. 1976m 100 100 100 152 147 91 135 266 136 178 271 127

Notes: Countries are ordered by levelof mortality rate for children under age 5, (5)q(0). Figures in parentheses indicate fewer than 500exposures.



Fiji, Panama and Venezuela. Most of these values are
reasonable. Venezuela appears to have the most
dubious data on trends. For the Philippines, however,
the very slight decline gains added plausibility from
the fact that the survey data show steep declines more
than 20 years prior to the survey.

One of the strongest and most persistent demo
graphie differentials to emerge from analyses of data
on infant and child mortality is that in relation to the
previous birth interval. This has been found in country
studies for Nepal and the Republic of Korea, and table
X.5 presents a summary for the 23 countries consid
ered here. Intervals from the previous birth are sub
divided into those of length under two years, from two
to three years and four years or longer. Twins are nec
essarily excluded from this analysis. For previous
intervals of less than two years, two sets ofresults are
presented: the first relates to aIl births of this type; the
second relates only to those cases where the previous
birth either lived to age 2 or outlived the subsequent
birth. The latter restriction generally ameliorates the
differentials. The magnitude of the excess infant mor
tality for children born after a short birth interval is
really quite astonishing. What is even more notewor
thy is the general persistence of this disadvantage
beyond the first year of life, usually affecting even the
chance of surviving from age 2 to age 5. Indeed,
for Iq., rather curiously, it is only in Malaysia and
Senegal that the differential does not appear to persist
beyond infancy. Perhaps this finding is again to be
taken as indicative of omissions of dead children in
Senegal, particularly fairly early deaths to children
born at short intervals from the previous birth. It is
also somewhat surprising that children born at inter
vals of four or more years after previous births seem to
have a widespread but not universal advantage in sur
vival chances even compared with the group for inter
vals from two to three years. As will be obvious from
the number of values given in parentheses for the
interval offour or more years, there are not large num
bers of births at these relatively longer intervals in
many of the countries.

It is always tempting to draw policy conclusions
from such an analysis. In this case, the apparent lesson
seems to be "ifonly we couId persuade women to stop
having short intervals, their children wouId have bet
ter survival chances". Yet, without considerable fur
ther analysis one cannot really be sure that this is the
case. These short intervals almost certainly occur dif
ferentially to relatively disadvantaged women (or fami
lies) and the observed differentials in survival status
by previous birth interval may reflect a complex of
other factors, such as education, public health provi
sion, income and housing conditions, which are also
associated both with the length of birth intervals and
with infant and child mortality. Nevertheless, analysis
to clarify this question is clearly desirable, as the dif
ferentials are both large and internationally persistent.

As mentioned earlier, the World Fertility Survey
data permit the study of many other demographie dif
ferentials. Owing to space limitations, however, it is
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not possible to present these results in detail, but sorne
of the major findings based on analysis for the 10years
prior to the surveys are briefly summarized below.

Births to teen-age mothers usually experience con
siderably higher infant mortality (often about 20 or 30
per cent higher than for births to mothers aged 20-29).
Births to women over 30, especially those over age 40,
generally experience higher infant mortality. In most
countries, the disadvantage for births to teen-age
mothers persists weIl into childhood, as it also does for
births to older mothers in about half the countries sur
veyed.

Male infants generally show higher mortality (with
the Dominican Republic and Jordan as notable excep
tions), with the excess often being 20-30 per cent. As
may be expected, the sex ratio of chiId mortality is
more balanced, with a clear male advantage in
Bangladesh, Nepal, Pakistan, Panama, the Philippines
and Sri Lanka, but a cIear female advantage in Indo
nesia, Jamaica and Malaysia.

Births of order seven or higher experience substan
tially higher infant mortality in almost aIl countries,
with sorne indications of a lower effect in those coun
tries lacking a cIear indication of fertility decline. Per
haps this situation results in part from picking up
differentials brought about by other factors also asso
ciated with fertility differentials. Again, it is notewor
thy that these differentials usually persist beyond
infancy into childhood, which perhaps supports the
supposition that it is the socio-economic conditions of
the women reaching high birth orders which bring
about these differentials. The patterns for birth order
one are more curious. In about half the countries con
sidered here, the y experience higher mortality than
birth orders two and three; but in the remaining coun
tries, they exhibit lower mortality. It is possible that
lower mortality of the first-born for these countries is
genuine, but an alternative worthy of further explora
tion is that prior infant deaths have been omitted.
Moreover, recent first births are more likely to have
occurred to educated women in recent periods than
are higher-order births, owing to the rapid increase in
education over time for many of these countries.

Multiple births experience infant mortality rates
from two and one half to six times higher than sin
gleton births, although these results are inevitably
based on a small number of cases. In general, the rela
tive disadvantage of multiple births persists weIl into
childhood, which is hardly surprising.

This survey of demographie differentials may be
completed by noting that in those 10 countries where
consensual unions were distinguished from more for
maIly married, children born in formaI marriage had a
relative advantage in survival chances at all ages up to
5 years. In general, children born to women not in a
union at the time of the birth also experienced higher
mortality, although few countries had a large enough
exposure for these calculations.

To illustrate further the value of the World Fertility
Survey data, infant and child mortality by the mother's



TABLEX.5. RELATIVE MORTALITY BY INTERVAL SINCE PREVIOUS BIRTH FOR THEPERIOD 0-9 YEARS PRiOR TOTHESURVEY,
23 WORLD FERTILITY SURVEY COUNTRIES
(Rate for interval: 24-27 months = ](0)

Infant mor/oUry MorlaUty rate of Morlality rate of
rate, (I)q(O), children aged 1 chi/dren ageâ 2-4
by interval in year, (l)q(l),by yeors, (3)q(Z), by

months interval in monlhs interval in months

Dale of Less than24 Less than 24 Lus thon 24
Country survey (A) (B) 24-47 48+ (A) (B) 24-47 48+ (A) (B) 24-47 48+

Senegal .............. 1978 130 100 100 77 83 68 100 54 97 95 100 (96)
Nepal ............... 1976 153 139 100 54 144 138 100 73 98 103 100 37
Bangladesh ........... 1975(76 208 181 100 65 147 156 100 34 131 145 100 44
Pakistan ............. 1975 178 147 100 69 123 118 100 50 137 146 100 55
Haiti .............. ,. 1977 167 142 100 (81) 159 157 100 (l6S) 104 117 100 (77)
Indonesia ............ 1976 180 152 100 73 155 147 100 37 130 126 100 70
Pero ................. 1977(78 158 140 100 63 149 141 100 60 113 109 100 48
Kenya ............... 1977(78 173 144 100 87 143 131 100 53 121 120 100 77

\0 Dominican Republic ... 1975 140 117 100 (80) 158 145 100 (85) 149 151 100 (68)
00

Colombia 1976 154 135 100 72 141 132 100 102 131 127 100 (88)............
Mexico .............. 1976(77 155 137 100 113 152 139 100 66 80 81 100 42
Philippines ........... 1978 160 150 100 119 136 128 100 42 142 141 100 59
Thailand ............. 1975 209 182 100 81 200 194 100 77 138 146 100 99
Sri Lanka ............ 1975 131 117 100 81 141 147 100 107 99 102 100 58
Jordan ............... 1976 244 218 100 107 187 184 100 12 185 206 100 (187)
Guyana .............. 1975 160 133 100 103 130 132 100 19 109 111 100 (43)
Venezuela ........... 1977 180 163 100 143 163 165 100 (128) 257 263 100 (109)
Costa Rica ........... 1976 155 136 100 78 137 123 100 76 98 104 100 0
Fiji .................. 1974 159 154 100 113 107 116 100 104 94 95 100 38
Republic of Korea .... 1974 175 132 100 101 203 191 100 106 104 127 100 41
Jamaica .............. 1975(76 185 168 100 89 153 135 100 56 323 320 100 (153)
Malaysia .. , .......... 1974(75 134 119 100 92 82 77 100 74 110 111 100 82
Panama .............. 1976(77 157 142 100 103 109 110 100 91 71 66 100 78

Notes: Countries are ordered by level of mortality rate for children under age 5, (S)q(0). ling survived at least two years or to the death of the infant concemed. Twins are excluded.
For intervals of Iess than 24 months, column (A) shows the relative mortality for all Figures in parentheses indicate fewer than .500 exposures.

births while column (B) is restricted to the experience of those whose immediately prior sib-



level of education is now considered as an example of
socio-economic differentials. Table X.6 presents the
ratios of mortality rates for births to mothers with
varying levels of education to the rates for a baseline
group with 4-6 years of education. Attention is drawn
to the fact that all the ratios for Haiti, Nepal, Pakistan
and Senegal are given in parentheses because the
exposures relating to mothers with 4-6 years of educa
tion were below 500 at sorne point in the calculations.
AlI these countries have enough cases to calculate
rates for the lower groups, but they lack educated
women. The disadvantages for the child in having an
uneducated mother (and other related disadvantages)
are striking and very large. The general persistence of
these larger differentials into childhood is again note
worthy and it is perhaps here that education of the
mother could best be used to alleviate sorne of the
worst effects of the generally hostile environment the
se children experience.

Individual and household attributes

This section presents sorne preliminary results from
ongoing work on the interplay between individual and
household variables in determining infant and child
mortality. The starting-point is table X.7, which shows
the neonatal and post-neonatal mortality rates cross
tabulated by three dichotomous variables, namely,
mother's Iiteracy, husband's education and lavatory
availability in the household. To clarify relations with
in this table, log-linear rates models were fitted to the
observed counts of deaths with adjustment for the
exposure. For neonatal mortality, a model containing
main effects for lavatory access and husband's educa
tion gives an extremely good fit (X2 = 3.8, 5 degrees of
freedom), suggesting that mother's literacy has no
effect and that the husband having less than five years
of education raises neonatal mortality by 31 per cent
and lack of access to a lavatory by 28 per cent. For
post-neonatal mortality, an even simpler model suf
fiees, with only lavatory access appearing significant
(X2 = 3.1, 6 degrees offreedom), with the addition of a
main effect for husband's education giving too good a
fit (X2 =1.0, 5 degrees of freedom). Again, the wife's
Iiteracy appears to have no role, and even the hus
band's education is doubtful. Not having a lavatory
raises post-neonatal mortality rates by about 45 per
cent (or 40 per cent if the husband's education is add
ed, with fewer than 5 years of education raising neo
natal mortality a further 18 per cent).

In view of these interesting findings and the obvious
limitations of dichotomous variables and of consider
ing the entire period 1948-1974 and only rural areas, a
slightly more elaborate analysis was carried out both
for Sri Lanka and for Mexico; there are plans for fur
ther work on these and other countries. For both Sri
Lanka and Mexico, elaborate cross-tabulations of neo
natal, post-neonatal and child deaths and of survivors
at the beginning of each interval have been generated,
for births occurring 5-14 years prior to the survey.
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The tables cross-classify by five variables: lavatory
facility (yes/no); piped water-supply (yes/no); moth
er's and husband's education (none, 1-3,4-6 or 7 or
more years); and residence (for Sri Lanka, urban/rural!
estate; for Mexico, 500,000+ /2,500-500,000/under
2,500 population). These cross-classifications lead to a
possible 192 combinations of attributes, although
births actually occurred in only 162ofthese cells in Sri
Lanka and 172 in Mexico. For Sri Lanka, there were
27,412 births; and for Mexico, 28,775. Naturally, there
was an uneven distribution of exposure across the
cells, with only 32 cells for Sri Lanka and 35 cells for
Mexico having more than 100 births. Use of a rates
model, which takes account of the exposure in each
cell and models the counts of death assuming an
underlying Poisson process, means that these larger
cells will correctly dominate in determining the effects
of the individual and household attributes on infant
and child mortality.

A range of models has been explored for the experi
ence contained in these fairly elaborate tables; the
most parsimonious models containing only the main
effects are presented in table X.8. In each case, addi
tion of the missing main effects fails to improve the fit
significantly.

For Sri Lanka, a chiId born to a mother whose hus
band is uneducated and is currently resident on an
estate is 5.2 times (= exp (0.995 + 0.691) as likely to
die in the first month as one born to a mother whose
current husband has seven or more years of education
and is currently resident in an urban area (rates of 114
and 22 per 1,000, respectively). The dominant factors
in determining neonatal mortality (among those exam
ined) are current husband' s education and current
place of residence of mother, which seems to indicate
that socio-economic status prevails in determining
neonatal mortality in Sri Lanka. Post-neonatal mor
tality appears to be more susceptible to current avail
ability of lavatory facilities (perhaps a surrogate for
other public health or housing standard conditions).
Not having current access to a lavatory is associated
with a 41 per cent excess in post-neonatal mortality,
while the mother having an uneducated current hus
band is associated with a 78 per cent excess compared
with having a highly educated current husband. The
mother currently being in a rural area carried a relative
advantage of71 per cent after the tirst month (although
this finding may reflect differential misstatement of
ages at death in rural and urban areas), but her being
currently resident on an estate still carried a relative
disadvantage (24 per cent), compared with urban resi
dence. Being maximally disadvantaged gives a post
neonatal probability of death of 59 per 1,000, while
being maxirnally advantaged generates a rate of only
Il per 1,000. Rather interestingly, it is the mother's
education which seems to predominate in determining
child mortality, instead of her current husband's edu
cation. A child of an uneducated mother is two and a
quarter times more likely to die between ages 1 and 5
than is a child of a highly educated mother. In addi
tion, not currently having a lavatory raises child mor-



TABLE X.6. DIFFERENTIALS ININFANT AND CHILD MORTALITY BY EDUCATION OF MOTHER FOR THE PERIOD ~9 YEARS
PRI0R TO THE SURVEY, 23 WORLD FERTILITY SURVEY COUNTRIES

(Rates for births to mothers with 4-6 years ofeducation = /(0)

Illfalll morlaliry Morta/iry rate of MOrlaUry ral~ of
rate, (I)q(O), childr~1I ag~d / c/riltirm ag.d 2-4

by education of y~ar. (I)q(l), by y~a". (3)q(2), by
mOlhrr rdll.cat;oll ofmothrr rducation ofmotlarr

Date of /-3 4~ 7+ /-3 4~ 7+ /-3 4~ 7+
COIllllry Slirvey NOllr yraTs years years NOM years yeats years NOM years y ears yraTs

Senegal .............. 1978 (128) (76) (100) (33) (318) (281) (100) (29) (669) (98) (100) (160)
Nepal .............. , 1976 (l2S) (114) (100) (80) (283) (393) (100) (4S) (248) (42) (100) (101)
Bangladesh ........... 1975n6 119 liS 100 (101) 121 101 100 (26) 197 149 100 (34)
Pakistan ............. 1975 (113) (93) (100) (90) (2.58) (162) (100) (22) (174) (86) (100) (S2)
Haiti ................ 1977 (81) (72) (100) (42) (78) (S6) (100) (21) (209) (144) (100) (68)
Indonesia ............ 1976 126 133 100 67 114 129 100 29 140 IS7 100 33
Pern ................. 1977nB 202 17S 100 67 36S 268 100 29 362 229 100 33- Kenya ............... 197m8 126 109 100 84 203 179 100 116 IS6 130 100 81

8 Dominican Republic .,. 1975 14S 109 100 71 194 132 100 22 219 liS 100 (37)
Colombia ............ 1976 18S 174 100 87 141 131 100 69 20S ISS 100 37
Mexico ............. , 1976m 137 122 100 73 388 228 100 SS 462 207 100 23
Philippines ........... 1978 IS6 119 100 63 21S IS3 100 48 113 137 100 47
Thailand ............. 1975 136 (108) 100 (26) 194 (Ill) 100 (62) 160 174 100 (22)
Sri Lanka ............ 1975 131 120 100 67 93 123 100 S6 193 127 100 SS
Jordan ............... 1976 102 78 100 64 178 112 100 84 431 107 100 62
Guyana .............. I97S (6S) (118) 100 78 (SI) (83) 100 100 (lS8) (IS4) 100 64
Venezuela ........... 1977 142 104 100 67 20S 176 100 22 229 206 100 47
Costa Rica ........... 1976 163 liS 100 S2 323 163 100 7S 341 194 100 0
Fiji .................. 1974 119 101 100 70 14 90 100 63 SS 96 100 87
Republic of Korea .... 1974 127 114 100 91 180 116 100 38 178 181 100 92
Jamaica .............. 1975n6 (lS2) (129) 100 78 (l9S) (89) 100 SS (124) (IS4) 100 73
Malaysia ............. 1974n.s 104 87 100 60 237 130 100 29 227 169 100 27
Panama .............. 1976m 212 186 100 100 2S9 213 100 44 4S6 268 100 8S

Note: Countries are ordered by level of mortality rate for children under age S, (S)q(0). Figures in parentheses indicate fewer than .soo exposures.



TABLE X.7. NEONATAL AND POST-NEONATAL MORTALITY RATES. BY HUSBAND'S EDUCATION. MOTHER'S LlTERACY
AND LAVATORY FACILITIES. RURAL SRI LANKA. 1948-1974

(Rate per 1,000 live births]

Mather illiterate

No lavatory

Mother literate

No lavatory Lavatory

Husband' s education

Neonatal mortality
Up to 5 years of educa-

tion .
Over 5 years .

Rate

43
41

Number of
births a

2402
600

Rate

33
32

Number of
births a

2237
819

Ratl'

48
36

Numbcr of
births a

2261
1 303

Raie

39
26

Number of
births a

3929
5009

Post-neonatal
U p to 5 years of educa-

tion 26 2299 17
Over 5 years 19 576 19

2164
793

25
21

2 153
1256

18
15

3777
4881

Source: S. A. Meegama, Socio-economic Determinants of lnfant
and Child Mortality in Sri Lanka: An Analysis of Post-war Experi
ence, World Fertility Survey Scientific Report, No. 8 (Voorburg,
The Hague, International Statistical Institute, 1980).

aNumber of births on which rates were based.

TABLE X.8. PARAMETER VALUES AND GOODNESS OFFITFOR SELECfED LOG-LlNEAR RATES MODELS OFNEONATAL, POST-NEONATAL
AND CHILD MORTALITY FOR BIRTHS OCCURRING 5-14 YEARS PRIOR TOTHESURVEY, SRI LANKA AND MEXICO

Variable

Sr; Lanka

Post-
Néonatal neonatal
mortality mortality

rate rate
(per 1,(J(}() live births}

Child
mortality

rate
(per 1.(J(}() population)

Mexico

Post-
Neonatot neonatal
mortolity mortality

rate rate
(per 1.(J(}() live births}

Cllild
mortallty

rate
(per l ,(J()()pop..lation)

Grand mean

Lavatory .
No lavatory .

Piped water : .
No piped water .

-3.126 -3.391

0.000
0.347

-3.611

0.000
0.480

-2.829 -3.309 -3.272

0.000
0.710

Education of mother
None .
1-3 years .
4-6 years .
7+ years .

Education of husband
None .
1-3 years .
4-6 years .
7+ years ..

0.000
-0.233
-0.314
-0.691

0.000
-0.079
-0.114
-0.578

0.000 0.000 0.000 0.000
-0.168 -0.122 0.034 -0.522
-0.255 -0.414 0.028 -0.663
-0.810 -0.611 -0.872 -0.886

0.000 0.000
0.024 -0.155

-0.026 -0.402
-0.873 -1.370

Residence
Urban (Sri Lanka)/5oo,ooo+

population (Mexico) .
Rural (Sri Lanka)/2,500-5oo,ooo

population (Mexico) .
Estate (Sri Lanka)/under 2,500

population (Mexico) .

X2 value .
Residual degrees of freedom .
X2 value for grand mean model .
Residual degrees of freedom .

0.000

0.167

0.955

180
156
254
161

0.000

-0.535

0.214

131
155
178
161

161
157
206
161

263
168
285
171

149
165
193
171

149
164
336
171

tality by a further 62 per cent, which leads to extreme
rates of 44 and 12 per 1,000.

Turning to Mexico, one finds quite different rela
tionships. The major factor in determining neonatal
mortality appears to be the mother' s education,
although it should be mentioned that this is the only
table for which it has not been possible to find a satis
factory model. Children of uneducated mothers are 84

per cent more likely to die in the first month than are
children of highly educated mothers (rates of 59 and 32
per 1,000 respectively). Post-neonatal mortality seems
to be strongly affected by the education of both the
mother and her husband, with the only important
effects being associated with both parents being at the
highest education level. Having parents with up to six
years of education appears to have little effect on post-

lOI



neonatal mortality, but having either parent highly
educated conveys a major advantage (a rate of 15 per
1,000, compared with 37 for neither educated) and
having both highly educated a huge advantage (a rate
of 6.4). Lastly, the education of both the mother and
her husband also has a major impact on levels of child
mortality, as does currently having a lavatory avail
able. Here, possessing parents witheven a little educa
tion conveys an advantage, particularly where it is the
mother: even from one to three years of education
reduces child mortality to 59 per cent of that for chil
dren with uneducated mothers. Again, the mother's
current husband having seven or more years of educa
tion clearly conveys a special advantage. A child born
5-15 years before, to an uneducated mother who se cur
rent husband has no education and who currently lives
in a household with no lavatory, experienced child
mortality of 77 per 1,000; having a highly educated
mother alone reduces this figure to 32 per 1,000; if the
mother's current husband has seven or more years of
education alone, child mortality becomes 20 per 1,000;
if the mother currently lives in a household with lav
atory facilities alone, it becomes 38; and having a high
Iy educated mother whose current husband is also
highly educated and having current access to a lavato
ry generates a child mortality rate of only 4 per 1,000
for children born 5-15 years earlier.

An attempt has been made to indicate the interpreta
tional problems by pedantically careful wording. The
mother's education is fixed. Her current or most
recent husband's occupation is also fixed for him, but
he may not have been her current husband at the time
of all her births in the 5-15-year period prior to the sur
vey or during their subsequent life to death or age 5. In
general, husbands do not change frequently, especially
in Sri Lanka; and it would be possible to restrict analy
sis to births of women still in their first marriage,
although this has not yet been attempted. At the very
least, the current husband's educationallevel is likely
to be a fairly good surrogate for the woman' s entire
marital socio-economic experience in most if not ail
cases. Current type of place of residence may equally
not reflect previous residence, although this is proba
bly more problematical for urban than for rural areas
and may weil ameliorate differentials. Here, it is possi
ble to use the childhood type of place of residence par
tially to clarify this issue. Current access to a lavatory
consistently came out as a strong effect once the ear
liest stages oflife were over. Yet, again one cannot be
sure that the se lavatory facilities were available over
the entire 15-year period, nor that the place of resi
dence had not changed. Similar remarks apply to the
current availability of water-supply, although there
was no indication of apparent links. There is no way to
clarify the se issues from World Fertility Survey data.

At this stage, one is left with intriguing suggestions
and cannot be sure whether the lavatory variable, in
particular, is really picking up an aspect of public
health or is just indicative of differences in levels of
living more generally. It is intended to pursue this

question further, using sorne of the other household
characteristics data available from Survey reports.

There are intriguing and as yet unexplained dif
ferences between Sri Lanka and Mexico, although the
estate workers complicate comparisons. Perhaps the
most noteworthy contrast is between the different rel
ative importances ofthe two education variables. In
the first year of life, the husband's education seems to
affect survival chances in Sri Lanka. Yet, in Mexico,
the wife' s education predominates in the first month
and both affect the next Il months. In both countries,
however, it appears that having a parent with seven or
more years of education makes the key difference in
post-neonatal survival chances. For early childhood,
the mother's education predominates in Sri Lanka;
yet, both are again relevant in Mexico. There is a strik
ing consistency in the behaviour on the two "public
health" variables. In neither country does current
availability of a piped water-supply seem to be related
to previous mortality of children under age 5. Yet, in
both countries, current access to a lavatory does have
a clear relationship after the earliest stages of life. It
remains to be seen whether the planned work on other
countries contirms similarities and differences.

CONCLUSION

It should by now be readily apparent that the World
Fertility Survey does indeed constitute a uniquely rich
data source on infant and child mortality (as on many
other topics). In particular, it is the ability to assemble
comparable results for many countries which willlead
to a better understanding of the determinants of child
survival. But the glamour of the cross-national com
parative analyses should not blind one to the other
major contribution, namely, that in general, for the
countries studied, the World Fertility Survey results
represent a data source on infant and child mortality at
the nationallevel as good as, or better than, any pre
viously in existence. Even for those very few co un
tries that have a good registration system, providing
information on levels and trends, many analyses are
possible with the Survey data which could not be car
ried out using the registration data.

It is always tempting to dwell on the limitations of
any data source, but this should never prevent one
exploiting available sources to the full. No data source
could ever answer ail problems on infant and child
mortality, and the World Fertility Survey reports are
generally unable to answer questions on medical and
nutritional aspects of childhood mortality. Equally, it
is mortality up to age 5 that can most fruitfully he stud
ied from these data, although increasing use of the
adult mortality module in more recent surveys should
improve the extremely limited knowledge of adult
mortality, especially in Africa. For sorne purposes, the
Survey samples are too small, but again this is a matter
for concern rather than abandonment. Maternity histo
ries are unlikely to be perfectly recorded retrospec
tively, but skilled and careful analysis can overcome
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most of the problems. Indeed, the evidence so far is of
surprisingly good-quality data, which are eminently
valuable.

Over the next several years, the confident view is
that the understanding of relations between infant and
child mortality and an entire series of demographie,
socio-economic and, to a lesser extent, household and
community factors will be enormously enhanced by
full exploitation of the unique resource provided by
the many studies of the World Fertility Survey.
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XI. MORTALITY DATA COLLECTIONS: A REVIEW OF INTEGRATED MULTI
PURPOSE HOUSEHOLD SURVEYS AND MULTI-ROUND DEMOGRAPHIC SURVEYS·

A. Adlakha ** and M. Nizamuddin ***

The need to study levels, changes and differentials
in mortality has been increasingly realized by public
health administrators and policy makers since the Sec
ond World War. This renewed interest in mortality
studies has arisen from the realization that effective
measures to reduce mortality can best be taken in the
light of adequate knowledge about the health risks in
existence, from a need to assess the efficacy of inter
vention programmes and from recent concern about a
possible deceleration in the rate of mortality decline in
sorne regions.

Many aspects of mortality remain unexplored or
'unexplained for the majority of populations in devel
oping countries. There are several reasons for this,
from lack of trained manpower to collect, analyse and
interpret mortality data to the inadequacies and com
plexities of methodologies for collecting and analysing
such data. On the whole, the inadequacy of data,
whether due to unavailability or unreliability, seems to
be the major problem in the developing countries.

The traditional sources of mortality data have been
civil registration systems and population censuses.
The combination of a complete civil registration sys
tem and periodic reliable censuses provides much of
the information needed for basic mortality studies.
However, the problems of incompleteness, delays in
aggregating the data and biases introduced by the reg
istrars at the local level in reporting events make the
civil registration system of little immediate value in
many developing countries. Household sample sur
veys thus represent, in many countries, the most prac
ticable response to the growing need for data on a
variety of subjects. Especially during the past 30
years, several developing countries have resorted to
household sample surveys for obtaining information
on a number of topics, including fertility, mortality and
migration. It has been argued·that a household survey
is the most flexible data collection method available to
national statistical institutions. 1

The methodology of household sample surveys in
terms of basic concepts, field procedures and sampling

·The original version of this chapter appeared as document IESA/
PIAC. l7Il 1.

•"Deputy Director, International Program of Laboratories for
Population Statistics, University of North Carolina, Chapel Hill,
North Carolina, United States of America.

···Demographie Advisor, United Nations Development Pro
gramme, Amman. Jordan.
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techniques has expanded and improved considerably
over the years. Various types of surveys covering a
range of subjects and spanning different periods can
produce needed data for planning and evaluating
development programmes.

Multi-subject or multi-purpose surveys coyer a wide
range of subjects, such as income and expenditures,
health and nutrition, employment and vital events.
Great flexibility can be exercised in the selection of
subject matter or sample size. The National Sample
Survey in India, the Pesquisa Nacional por Amostra
de Domicilos in Brazil and the National Integrated
Sample Survey Programme in Kenya, described in the
next section, are good examples of multi-subject
household survey programmes. Special-purpose sur
veys, on the other hand, are designed to coyer a single
subject or to examine a single issue, although they may
sometimes be implemented as part of an ongoing
national survey programme. Both types of survey can
be retrospective, prospective or a combination of
both; and there are variations within each type which
make the sampie survey approach to data collection
flexible enough to coyer almost any subject for any
given length of time. For mortality estimation, it is
useful to distinguish between two distinct survey
approaches, the multi-round or prospective survey,
whereby an enumerated sample population is followed
for a period of time with the continuous or periodic
recording of vital events, and the single-round retro
spective survey, whereby a sample population is inter
viewed once only, with the recording of vital events
during sorne prior period such as the year or two years
preceding the survey . Although, in theory, either
approach can be used in single- or multi-purpose sur
veys (and both can be used in the same survey), in
practice, the multi-round approach has rarely been
used except in single-purpose demographie surveys,

Section A of this chapter describes the multi-pur
pose survey approach, illustrated by three examples,
with a discussion of how successful the surveys seem
to have been in collecting mortality information. Sec
tion B then describes the basic features of the multi
round survey approach, illustrated by two examples,
and goes on to examine the reliability of mortality
information collected in this way and to compare the
efficacy of the approach with that of single-round sur
veys. The final section draws sorne general conclu
sions about the suitability of the available method-



ologies to provide the types of mortality information
required.

A. MULTI-PURPOSE HOUSEHOLDSURVEY
PROGRAMMES

Multi-purpose household survey programmes repre
sent an attempt to co-ordinate the collection of the
socio-economic information required for planning pur
poses. Although the programmes in existence exhibit
substantial diversity, their common features generally
include: (a) a nationally representative master sample,
generally with built-in subsamples to be used for cer
tain purposes; (b) the creation and training of a perma
nent staff of interviewers; (c) the conducting of
surveys on certain topics at regular intervals; and (d)
the conducting of surveys to coyer special topics from
time to time during the existence of the programme.
For the purposes of collecting mortality information,
such multi-purpose programmes offer a number of
advantages over the single-purpose survey. First, the
interviewers are regularly employed in survey work,
thus being experienced and needing only specifie train
ing. Secondly, the survey cost is reduced since many
start-up costs, such as sampling and household identi
fication, are spread over a number of surveys. Thirdly,
the inclusion of a mortality (or demographie) study in
an integrated survey programme reduces the bureau
cratic problems often encountered. Fourthly, and per
haps most important, the other elements of the survey
programme can provide a wealth of socio-economic
background information about the population being
studied, in sorne ways comparable to one of the advan
tages offered by the multi-round survey approach,
although it should be noted that the ways in which sub
samples are drawn from the master sample often com
plicate the transfer of information between surveys.
The possible organizational disadvantages of the
multi-purpose approach are that the interviewers may
come to regard the work as routine, not putting much
effort into it, and that the population of the master
sample areas may become resistant to repeated sur
veying. A further disadvantage specifie to mortality
studies is that the single-round retrospective survey
approach is generally used, and this approach has cer
tain practical disadvantages.

The single-round retrospective survey approach can
only collect direct mortality information in the form of
deaths occurring to household members or relatives
over sorne specified period. Usually, a household
member is asked about deaths in the household over
the preceding 12or 24 months, and is asked to give the
age, sex and date of death of each deceased. Wide
spread experience has shown that such information is
deficient not only in coverage (deaths may be omitted
for single-person households, as a result of a house
hold disintegrating because of the death of a member,
as a result of reference period error or as a result of
intentional concealment) but with respect to such
details as age. Coverage is often particularly poor for
deaths of infants and young children. Fortunately for
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the single-round retrospective survey approach, two
developments, one in survey methodology and one in
analytical methodology, have greatly increased the
usefulness of direct information on deaths for mor
tality studies. First, the widespread collection of
maternity histories, whereby women of reproductive
age are questioned concerning the dates of birth and, if
applicable, dates of death of aIl of their live-born chil
dren, has greatly improved the reliability of informa
tion on infant and child mortality. A large number of
such surveys have been carried out under the auspices
of the World Fertility Survey, and the mortality find
ings of these surveys have been reviewed by
Hobcraft:? in several cases, including Kenya from the
examples discussed below, these surveys have been
conducted within the framework of multi-purpose
household survey programmes. Secondly, the devel
opment of a range of procedures for assessing the com
pleteness of reporting of adult deaths by comparison
with reported age distributions' has greatly increased
the usefulness of survey information on recent deaths.
Thus, the combination of a small-scale, carefully con
ducted maternity history survey and a large-scale
household survey collecting data on deaths by age and
sex in the previous 24 months now represents a viable
solution to the problem of mortality estimation in
many developing countries. The large-scale household
survey also offers the opportunity for the collection of
data needed for the application of a number of other
indirect mortality estimation procedures. Examples of
the application of such procedures, based on informa
tion concerning the proportions surviving of children
ever born by women classified by age or duration of
marriage, the proportions of mothers and of fathers
surviving classified by age of respondent and the pro
portions of first spouses surviving by age or marital
duration of respondents, are given by Blacker." Such
methods use demographie models to transform the
deserved proportions surviving into conventional life
table measures and to obtain reference dates for the
measures.'

Three examples, from Kenya, India and Brazil, are
given below of the collection of mortality information
in multi-purpose household survey programmes.

Kenya

Kenya is one of the few countries of Africa that has
had considerable experience with a multi-purpose
household survey programme. The Central Bureau of
Statistics first launched the National Integrated Sam
ple Survey Programme during 1975, to run to 1979.
Under this programme, a series of socio-economic and
demographie surveys were conducted using a common
sample covering 95 per cent of the country's popula
tion. The primary objective of the sample frame was to
ensure that all the surveys conducted under the pro
gramme should yield reliable estimates on population
changes and information on labour force c~arac

teristics, the agricultural sector and ?ther soclo-e~o

nomic variables. The sample was designed to provide



representative results for seven of the eight provinces
of Kenya; the eighth province, a sparsely populated
and backward area of north-eastern Kenya, was
excluded from the frame. Surveys conducted under
the programme have covered incorne, expenditure,
employment, nutrition, rural land use and wealth, as
well as demographie topics. The two surveys with
important components for the study of mortality are
the 1977 National Demographie Survey and the Kenya
Fertility Survey, 1977/78, part of the World Fertility
Survey programme. The former survey was conducted
in the entire primary sample, covering about 50,000
households, whereas the latter was conducted in one
of the six blocks into which each primary sampling
unit was divided and covered about 8,000 women aged
15-49. The fertility survey differed in execution from
standard survey rounds in that specially recruited and
trained female interviewers were used instead of the
regular teams of the National Integrated Sample Sur
vey Programme.

The National Demographie Survey collected infor
mation relevant only to the application of indirect mor
tality estimation procedures, specifically concerning
survival of children (by sex), parents and first spouses.
No direct information was collected about household
deaths. The Kenya Fertility Survey only collected
information about child mortality in the fonn of mater
nity histories, obtaining the date of birth and, if
applicable, the date of death of each child reported by
the women surveyed.

Blacker" analysed data on mortality collected in
these two surveys and compared the results with the
previous two population censuses, in 1962 and 1969.
The indirect estimates of infant and child mortality
derived from the proportions of children dying, by age
of the mother, obtained from these four different
sources, indicate clear and consistent evidence of a
substantial decline during the period covered by the
data, a trend further supported by the results of the
1979 population census. These results also broadly
corroborate the direct estimates of infant mortality
obtained from the Kenya Fertility Survey birth histo
ries. It may be mentioned in passing, however, that the
results of both the National Demographie Survey and
the Kenya Fertility Survey indicated somewhat lower
child rnortality than did the censuses. The evidence on
the trends and levels in adult mortality from the vari
ous surveys is neither consistent nor reliable," and it
appears that the indirect approaches to the estimation
ofadult mortality are less satisfactory than those avail
able for estimating child mortality.

India

India introduced the National Sample Survey in
1950. It is a large-scale programme covering all the
geographical area of India, comprising a series of
socio-econornic surveys. Although the National Sam
pIe Survey was primarily designed to obtain data on
economie indicators, such as employment, income and
expenditures, sorne rounds have been devoted to data
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on fertility 1 mortality and migration. The second round
of 1950 was used to collect a smaU amount of data on
fertility with the objective of studying fertility levels
and trends. Later, realizing the limitations of the vital
registration system and the questionable reliability of
the estimates of demographie variables derived from
it, the National Sample Survey included a fertility sec
tion in the subsequent rounds until 1953. In the sev
enth round in 1954,a revised and more detailed section
on demographie data was used to collect information
on the births, marriages and deaths in the 12 months
preceding the survey and on illness in the sampie
households. The Survey has since continued to devote
sorne survey rounds to obtaining demographie data.
Sorne methodological variations were introduced in
different rounds, although the major approach has
remained the single-round retrospective survey.

A distinctive feature of the Survey is that its sample
units are arranged in the fonn of an interpenetrating
network of subsamples, each of which is surveyed
and/or processed in different but comparable opera
tional units. This technique was introduced three dec
ades ago, by P. C. Mahalanobis of the Indian
Statistical Institute. The technique provides two or
more independent, but equally valid, estimates of each
variable under study (and also of any derived func
tions, such as vital rates). Thus, the design of the sub
sample network can be used to examine the
differences arising from two or more sources of error,
such as two or more interviewers or types of question
naires.

In the fourteenth round of the National Sample Sur
vey (July 1958-June 1959), the Government of India
accorded very high priority to the collection of infor
mation for estimating current birth and death rates.
Consequently, a separate schedule was developed spe
cifically for the study of fertility and mortality, cover
ing population, births and deaths; the sex, age at
death, date of death, place of death and relationship of
the deceased to the head of the household were col
lected for each reported death of a household member
over the 24 months preceding the survey. The house
hold roster also included background information on
the parent(s) of the children who died during the peri
od. The special schedule was administered in each and
every household of the selected geographical area.
Each state was divided into a number of strata; and
from each rural stratum, two independent subsamples
of six villages were drawn systematically. In addition
to the separate schedules, the survey design was also
modified. The survey year was divided into six sub
rounds, each of two months' duration; and the same
two investigators worked in a particular stratum dur
ing the entire survey period. By this method, the inde
pendent and interpenetrating subsamples were
obtained for each of the six subrounds. In the first two
subrounds, detailed demographie information for each
member of the sample household was collected, while
in the subsequent subrounds, only summary informa
tion on a household basis was obtained; the block of
information relating to births and deaths was the same



in all the subrounds. Information on deaths in single
member households was sought from neighbors and
responsible persons in the village, as well as from
every tenth household surveyed. The reference period
for births and deaths was extended to two years in this
round, so that in the final estimation ofbirth and death
rates, the data relating to a shorter period, such as the
preceding year, could be used while the information
relating to a longer interval would be available for an
assessment of the effect of recall lapse and timing
bias."

In the fifteenth round (July 1959-June 1960), data on
births and deaths were obtained from the same set of
sample villages. The reference period was again the
two years preceding the interview date, so what was
"Iast year" in the fourteenth round became the "year
before last" in the fifteenth. A detailed analysis of data
on births and deaths obtained from these two survey
rounds provides sorne measure of relative under
reporting of vital events, as one passes from the last
year to the year before last.

Infant mortality and age-specifie death rates were
calculated from the two interpenetrating subsamples in
any given round for both the year before the survey
and the year preceding that. The reporting of deaths in
the National Sample Survey was found to suffer a
higher degree of "recall lapse" than the reporting of
births; 9 and the mortality rates calculated from the
Survey, when compared with those ofthe Sample Reg
istration System, appear to be too 10w. 1O Thus, the
National Sample Survey programme, though it has
been able to produce timely and useful data on many
socio-economic variables, has produced less than sat
isfactory information on mortality, a common failing
of the retrospective methodology used.

Brazil

Brazil, like many other countries in Latin America,
has had a vital registration system since the beginning
ofthis century, although the statistics produced by this
system have, in general, been deficient. However, the
quality of data-gathering and analysis seems to have
improved since the Government officially assigned the
task of processing and publication of vital statistics to
the Fundaçâo Instituto Brasileiro de Geografia e
Estadistica (FIBGE) in 1971. li

Apart from the efforts to improve the vital registra
tion system, a series of annual national household sur
vey programmes, Pesquisa Nacional por Amostra de
Domicilos, was initiated in 1967. The series was pri
marily designed to measure employrnent trends. In
1970, the programme was expanded to coyer other
socio-economic and demographie topics which could
be varied from round to round. Although the surveys
were national in coverage, the sample was designed
with the explicit objective of producingregional esti
mates. Since 1970, these surveys have included sever
al questions that could generate data for the indirect
estimation of child mortality using techniques pro
posed by Brass and his colleagues. 12 In addition to
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basic information on age and sex, the rounds of the
Pesquisa Nacional in 1972, 1973, 1976 and 1977 col
lected information on children ever born and children
surviving; the 1977 round also collected information
on survival of mother, but no other information rele
vant to the estimation of adult mortality has been col
lected. During the period 1974-1975, no survey was
undertaken by the Pesquisa Nacional because a large
scale survey, the Estudo Nacional da Despesa Famil
iar, was conducted by FIBGE during that period. The
main purpose of the survey was to collect data on
household expenditures and nutrition, but it also col
lected more extensive information on mortality than
the rounds of the Pesquisa Nacional, covering children
ever born and children surviving by sex, and deaths in
the household during the preceding 12 months. How
ever, due to the fact that the major emphasis of the
Estudo Nacional da Despesa Familiar was on collect
ing information on household expenditures and nutri
tion, and also because the demographie questions
were placed at the end of the questionnaire, the quality
of the mortality data appears to have suffered. Nev
ertheless, both of these surveys have been able to gen
erate demographie data suited for the application of a
number of the indirect estimation techniques currently
available.

As mentioned earlier, all surveys in the Pesquisa
Nacional por Amostra de Domicilos were designed to
produce both national and regional estimates. The
sample design used was a multi-stage probability sam
ple, with households as the ultimate sampling units.
Because the surveys were multi-purpose in nature, the
interviewers were instructed to administer the ques
tionnaires to the head of household or, in his or her
absence, to any other household member who could
provide the required information. As a result, data on
children ever born and children surviving to women in
the household were not generally provided by the
women themselves.

The child survival data from the two surveys dis
cussed above have been used by the United States
National Academy of Sciences 13 to estimate levels and
trends of chiId mortality in Brazil. Results indicate
that, in general, child mortality in Brazil had been
declining, although at the regional level the estimates
do not show consistent patterns of decline across sur
veys, and the Pesquisa Nacional surveys seem to be
yielding lower levels of child mortality than the esti
mates from the Estudo Nacional da Despesa Familiar
and the censuses. Furthermore, the National Acade
my of Sciences analysis of urban/rural child mortality
differentials based on census data indicated practically
no differentials for Brazil as a whole, whereas the esti
mates obtained from the sample surveys suggest that
urban/rural differentials in childhood mortality do
exist. In summary, it may be said that although the
child mortality estimates by region, derived from the
series of Pesquisa Nacional surveys, have proved use
ful as indicators of levels and trends of mortality in
Brazil, they have not been consistent enough to be
entirely unambiguous. The estimates of female adult



mortality obtained from information on survival of
mother from the 1977 survey proved to be much less
satisfactory, indicating an unacceptably rapid mor
tality decline over time.

Conclusions eoneerning multi-purpose household
surveys for mortality estimation

Integrated household survey programmes have been
instituted primarily for the collection of socio-eco
nomic data; and, as such, they have often been used to
generate needed data on demographie parameters,
including mortality. Ali the programmes herein
described, excluding the Pesquisa Nacional por
Amostra de Domicilos, have accorded prominence to
demographie data collection either by earmarking to it
separate rounds or by using a separate schedule (as in
India) for demographie data. As a result, numerous
sets of demographie data from different rounds are
available and provide an opportunity to study levels,
trends and differentials of mortality, as weil as the
potential to link the information on diverse topics from
successive rounds. This review, however, also finds
several problems. To date, these programmes have
generated only limited data on mortality. Most analy
ses have been limited to the estimation of levels and
trends of child mortality, providing little information
on adult mortality or mortality differentials. The latter
deficiency has arisen in part from the fact that the sur
veys did not collect detailed information for the study
of differentials, but also, in many instances, the data
collected have not been fully analysed.

On an overall basis, this limited review indicates
that multi-purpose household survey programmes,
because of their flexibility in sample designs and the
availability of field infrastructure, funds and staff on a
continuing basis, can be used to generate cost-effec
tive and timely data for estimating mortality as weil as
for other demographie parameters and may fill many
of the existing data gaps in these areas.

B. MULTI-ROUND DEMOGRAPHIe SURVEYS

Multi-round demographie surveys are generally sin
gle purpose, although the single purpose generally
includes fertility and migration as weil as mortality.
The rnulti-round survey, as its name implies, involves
repeated visits to the same sample of households. This
approach was devised to minimize the deficiencies in
coverage exhibited by single-round retrospective sur
veys in which questions are asked about events that
have occurred in a fixed reference period (usually one
or two years prior to the survey), The multi-round sur
vey approach is described in detail in the literature."
Although variations exist, the multi-round survey usu
ally consists of an initial round at which the charac
teristics of the sample population are recorded,
followed by two or more subsequent rounds which
update the household listings, using changes in house
hold composition to prompt inquiry about vital events
since the previous round. The multi-round survey
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approach, in essence, uses a combination of retro
spective and prospective approaches for the collection
of data on occurrence of events.

The most distinctive feature of the multi-round sur
vey is that it uses a reference period bounded by the
visit to the household at the previous round, whereas
the single-round retrospective survey uses a reference
period bounded by a date or length of time, a much
vaguer delimiter. Thus, instead of asking the
respondent whether a death has occurred in the pre
vious 12or 18 months, the interviewer asks about each
person listed in the previous round, i.e., whether that
person is still residing in the household, has migrated
or has died." The recall of events is bounded by the
previous interview; thus, errors of dating and of
erroneous inclusion of deaths are minimized.

During the past two decades, several local and
national multi-round inquiries have been carried out in
Africa, Asia and Latin America. An inventory oflarge
scale surveys since 1960 was compiled by the World
Fertility Survey." Of 175 surveys studied, 26 per cent
were multi-round surveys. Cantrelle 17 describes the
evolution of the approach in francophone countries of
Africa. An inventory that he prepared lists 23 distinct
regional and national inquiries that had been carried
out by 1974 in Africa. In the 1960s the Centro Latino
americano de Demografia (CELADE) independently
developed and tested the multi-round survey. Two
experimental surveys were carried out: one in the
State of Guanabara, Brazil, in 1960/61; and another in
Cauquenes, Chile, in 1964-1966. The results from the
se experiments were found to be satisfactory. Encour
aged with the results of these experiments, a multi
round demographie survey was carried out the first
time in Honduras in 1970-1972. Surveys analogous to
Honduras were followed in Panama in 1974/75 and in
Peru in 1974-1976.

A brief description of the survey in Honduras and a
multi-round survey undertaken in Iran in 1973-1976 are
given below as examples of multi-round surveys in
general, followed by a discussion of the relative merits
for mortality studies of the multi-round and the single
round approaches.

Honduras National Demographie Survey, 1970-1972

The Honduras National Demographie Survey of
1970-1972, conducted by the Director General de
Estadïstica y Censos (DGEC), with technical assist
ance from CELADE, was the first national implemen
tation of the multi-round survey methodology tested
by CELADE in experimental surveys in the State of
Guanabara, Brazil, in 1960/61; and in Cauquenes,
Chile, in 1964-1966. The objectives ofthe survey were
to obtain estimates of fertility, mortality and migration
for the country as a whole and for urban and rural
areas. 18 The survey included sorne 98 per cent of the
national population, the very sparsely populated and
poorly developed area in the eastern part of the coun
try being excluded because of its inaccessibility. A
stratified cluster sample was drawn with the objective



of obtaining a study population of about 35,000 people;
in ail, 134clusters were surveyed. Four survey rounds
were conducted, the first between December 1970 and
March 1971, the second from April 1971 to July 1971,
the third between September 1971 and December
1971, and the fourth between July and October 1972.
The intervals between rounds were thus between 6 and
10 months, the interval between the third and fourth
rounds being longer than originally intended as a result
offinancial constraints. Four teams, each consisting of
a supervisor and two interviewers, carried out the
field-work, with the teams being rotated to avoid the
same team always visiting a given sample area. The
first round collected baseline information on the initial
population, covering household characteristics; the
age, sex and marital status of each member; the preg
nancy status for each female aged from 12 to 50 years;
and the date of interview. Subsequent rounds col
lected information on changes affecting the popula
tion, covering the arrivai of immigrants (with origin),
departure of emigrants (with destination), births,
deaths, pregnancy status and marital status; in ail
cases, the round by which the change had occurred
and the date of the change were recorded. At each
round after the first, the information from the previous
round or rounds was available to the interviewer. By
collecting the dates of changes, it was possible at the
analysis stage to compute rates on the basis of the true
person-years lived by the survey population, taking
account of entry and exit. Over the survey period,
there were a total of 51,855 entries, made up of the
34,444 persons first enumerated, 2,520 births and
14,891 immigrants; when classified by exit, 33,688 of
the 51,855 persons registered remained in the popula
tion at the last round; 725 had died and 17,442 had emi
grated.

The results of the survey indicated a crude death
rate of 14.2 per 1,000 population and an infant mor
tality rate of 1I7 per 1,000 live births; comparable fig
ures calculated from the vital registration system were
8 and 37, respectively, indicating that the multi-round
survey approach represented a major improvement
over the conventional statistics. Rather marked mor
tality differentials by urban/rural residence and socio
economie group were also found, the crude death rate
for urban centres (8.2) being less than half that for the
western region (19.7), and the corresponding infant
mortality rates being 85 and 133, respectively.

The mortality estimates derived from the multi
round survey can be evaluated by a number of indirect
techniques, since the fourth survey round included an
additional questionnaire collecting information on chil
dren ever born and children surviving, survival of par
ents and survival of first spouse. The internal
consistency check of the age distribution of the popu
lation against the age distribution of deaths suggests
sorne underrecording ofadult deaths, ofthe order of 10
to 15 per cent, although the discrepancy could arise
from sampling error, given the small number of deaths.
The indirect estimates of child mortality indicated a
somewhat higher level of child mortality than that
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obtained by the survey, though the difference was only
sorne 5-10 per cent. Thus, in general, the multi-round
survey seems to have recorded deaths adequately,
though a somewhat larger sample would have been
advantageous.

Population Growth Survey in Iran, 1973-1976

The Population Growth Survey in Iran was carried
out by the Statistical Centre of Iran with advice from a
United Nations technical advisor.

Detailed descriptions of the survey organization,
methodology and results have been given by the Sta
tistical Centre 19 and by Tamrazian." The Population
Growth Survey was a multi-round follow-up survey
which covered a nationally representative population
of about 100,000 persons, The sample design was a
11300 self-weighted sample of city districts (in urban
areas) and dehestans (in rural areas). This choice of a
self-weighted sample greatly eased data processing
and analysis. An initial baseline survey of the popula
tion was taken in October 1973. The baseline survey
obtained name, relationship to head of household, res
idential status, sex and date of birth or age, duration of
residence, orphanhood status, marital status, births
and deaths that occurred in the household during the
previous 12 months; and for females below age 50,
pregnancy status. After this initial baseline survey,
households were visited six additional times at six
month intervals to determine births, deaths and moves
in or out of the household during the interval between
rounds. The interview technique was that of follow
up: the interviewer asked the respondent about the
status of each pers on recorded at the previous round
as living in the household; that is, whether he/she was
still living there or had moved out or died. The respon
dent was then asked about any births or other addi
tions to the household that might have occurred during
the interval.

The interviewing was carried out by a permanent
interviewing staff. In order to enhance quality, no
interviewer visited the same sample unit more than
once. Nevertheless, in order to ensure the quality of
the survey operation, control checks were carried out
after the third, fifth and seventh rounds. After each of
these rounds, in a subsample of the survey areas, field
supervisors duplicated the interviews and matched the
results of these interviews against the originals. The
Chandraskaran and Deming approach was then used
to estimate the number of events that were missed by
the original interview and correction factors were cal
culated which were applied to the recorded births and
deaths. These completion checks indicated that 5.5 per
cent of births and 9 per cent of deaths were missed by
the interviewing procedure. The adjustments are
incorporated in the published results.

For the period 1973-1976, the Population Growth
Survey showed a crude death rate of 11.5 per 1,000
population and an infant mortality rate of 105 per 1,000
live births. Life expectancy at birth was approximately
57 years for both males and females, the lack of a sex



TABLE XI.2. COMPARISON OF INFANT MORTALITY RATES FROM THE
MULTI-ROUND APPROACH AND THE RETROSPECTIVE REFERENCE PERI
OD APPROACH, SELECTED COUNTRIES

(Per l,(){)() live births)

Morocco 1961-1963 21.0 23.1
Tunisia 1968/69 13.8 11.9
Algeria 1969-1971 16.2 12.9
Senegal 1970/71 22.0 13.7

TABLE XLI. COMPARISON OFCRUDE DEATH RATES FROM THE MULTI

ROUND APPROACH AND THE RETROSPECTIVE REFERENCE PERIOD

APPROACH. SELECTED COUNTRIES

(Per l,(){)() population)

Source: Dominique Tabutin, "Avantages comparés des enquêtes
à passages répétés et passage unique pour la mesure de la mortalité
dans les pays en développement" , paper submitted to the Interna
tional Union for the Scientific Study of Population Seminar on
Methodology and Data Collection in Mortality Studies, Dakar, Sen
egal, 7-10July 1981. To be published under the title "Comparison of
single- and multi-round surveys for measuring mortality in develop
ing countries", in Methodologies for the Collection and Analysis of
Mortality Data, J. Vallin, J. H. Pollard and L. Heligman, eds., DoI
hain, Belgium, Ordina Editions, forthcoming in 1983.
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Source: See table XI.1.

United Republic of
Cameroon
North Cameroon-

Foulbe .
North Cameroon

Dourou ........

Algeria

Country

Senegal
Siné Saloum .
Thienaba ..

Tunisia 1969-1971

obtained from the multi-round survey than the single
round retrospective survey approach at least suggest
that the former approach provides a better coverage of
deaths than the latter. Similarly, in an analysis" of
data collected in the multi-round survey of Morocco in
the period 1961-1963, it was found that a survey with
two rounds completely eliminated the inclusion of out
of-scope deaths and considerably minimized the
underenumeration of deaths.

Although the multi-round approach has clear advan
tages over the single-round collection ofrecent deaths,
its advantages over estimates of mortality derived indi
rectly from data obtained in single-round retrospective
surveys are less clear. The final rounds of the multi
round surveys carried out by CELADE in Honduras,
Panama and Peru included retrospective question
naires for obtaining suitable data for indirect estima
tion. Arretx 24 provides results on child mortality and
adult mortality using indirect estimation techniques
based on child survival, parental survival and spouse

differential being one of the interesting findings from
the survey. Large urban/rural differentials in mortality
were also indicated by the survey; the crude death rate
varied from 14 per 1,000 in rural areas to 8 in urban
areas, and the infant mortality rate from 126 in the
rural areas to 62 among urban populations.

The existence of questions on orphanhood status
and household births and deaths in the baseline sur
veys give the possibility of producing comparative
mortality estimates based on retrospective techniques.
Unfortunately, tabulations based on these questions
have not been published.

Advantages of multi-round surveys

The major advantage of the multi-round approach
over the simple retrospective reference period
approach is that it reduces the burden placed on the
respondent's memory. Rather than having to recall
births and deaths and try to place them in a time
frame, the respondent merely has to update the list of
household members; and since the reference period is
bounded by the date of the first interview, there are
fewer errors of either inclusion or exclusion of deaths
due to faulty dating of the event. In addition, it is more
difficult for a respondent intentionally to conceal the
occurrence of a death because the interviewer asks
about each person who was present at the previous
round, one by one.

The multi-round approach has no marked advantage
over the single-round retrospective survey in the
reporting of "double" events occurring to the same
pers on between rounds, such as a baby who is born
and dies or an immigrant who dies. In these cases, the
approach relies upon retrospective questioning and is
thus as prone to incomplete reporting of deaths as any
other retrospective method, although the measure
ment of early infant mortality may be improved if
information on the pregnancy status of each woman of
childbearing age is obtained in each round and the out
come of the pregnancy is investigated in subsequent
rounds. For example, Cantrelle " reports that esti
mates of infant mortality in the Sine Saloum Survey in
Senegal were much higher when information on preg
nancy outcome was used to supplement reports of
infant deaths.

In general, empirical findings bear out this theoreti
cal advantage of multi-round surveys, although the
necessary data for such comparisons are available for
very few surveys. However, several multi-round
inquiries in Africa provide two sets of estimates of
annual death rates: (a) estimates from the initial or
baseline survey based on retrospective information on
deaths in the 12 months before the survey; and (b) esti
mates based on the information on deaths from the fol
low-up rounds after the baseline survey. Tabutin"
compares results of the two approaches for selected
countries in terms of crude death rates and infant mor
tality (see tables XI.1 and XI.2); the multi-round sur
vey gives higher rates in every case except for the
crude death rate in Morocco. The higher death rates
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survival, and compares them with the results from the
follow-up approach, with results shown in tables XL3
and XIA.

In two of the three comparisons, the estimates of
mortality from the follow-up approach are lower than
those obtained by the use of indirect methods.
Although the two sets of estimates refer to somewhat
different periods, it would appear that the multi-round
approach resulted in an underestimation of mortality.

Analysis of mortality differentiais

In one respect, the multi-round survey approach is
better suited for studying differentials of mortality
than any single-round survey approach, with or with
out indirect techniques, since information can be
obtained about aIl household members, so that back
ground characteristics of a person who subsequently
dies, such as age, education or income, can in many
cases be obtained from the persons themselves prior to
death, rather than from proxy reports from others after
the death. It is unfortunate that most multi-round sur
veys, because of concern for keeping costs manage
able and the questionnaire brief, have used relatively

small samples and have not collected much informa
tion on socio-economic characteristics, thus losing an
excellent opportunity to study differential mortality
risks.

The study of differentials by indirect procedures,
although possible as demonstrated by the series of
studies of child mortality in Latin America carried out
by CELADE on the basis of the 1970 round of cen
suses, suffers from sorne inherent problems. Most
indirect estimates are based on measures of the
cumulative experience of a particular age cohort,
spread over a long exposure period, while information
on characteristics for classification usually pertains to
the time of the survey. This discrepancy between the
time references for characteristics and for mortality
estimates creates difficulty for a valid study of differ
entials, especially when characteristics are not
unchanging.

Simplicity ofanalysis

The initial analysis of mortality data collected from a
multi-round survey is relatively straightforward, with
conventional mortality measures being computed

TABLE XI.3. COMPARISON OF LEVELS OF CHILDHOOD MORTALITY INTERMS OF PROBABILJTY OF DYING
FROM BIRTH TO AGE x , ESTIMATED FROM DATA COLLECTED INMULTI·ROUND AND RETROSPECTIVE SURVEYS
INHONDURAS, PANAMA AND PERU

Probability ofdying, q(x)

Age
x

Multi
round

survey

Honduras

Retrospective
(indirect)

survey

Multi·
round
survey

Panama

Retrospective
(indirect)
survey

Multi·
round
survey

Peru

Retrospective
(indirect)
survey

2 0.148 0.164 0.045 0.051 0.156 0.135
3 0.167 0.192 0.049 0.065 0.167 0.147
5 0.182 0.200 0.057 0.072 0.178 0.159

Source: Carmen Arretx, "Comparison between prospective and retrospective demographie sur
veys to estimate levels and differentials of mortality: the experience of CELADE" , paper submitted to
the International Union for the Scientific Study of Population Seminar on Methodology and Data Col
lection in Mortality Studies, Dakar, Senegal, 7·10 July 1981. To be published in Methodologies for the
Collection and Analysis of Mortality Data. J. Vallin, J. H. Pollard and L. Heligman, eds., Dolhain,
Belgium, Ordina Editions, forthcoming in 1983.

TABLEXI.4. DEATH RATES BY FIVE·YEAR AGE GROUPS DERIVED FROM INFORMATION COLLECTED
INMULTI·ROUND AND RETROSPECTIVE SURVEYS, HONDURAS, PANAMA AND PERU

Death rate

Honduras Panama Peru

Age Mu/ti-round Retrospective Mu/ti-round Retrospective Mu/ti-round Retrospective
group survey suney survey survey survey survev

5-9 0.0048 0.0037 0.0010 0.0016 0.0023 0.0030
10-14 0.0030 0.0027 0.0005 0.0012 o.eon 0.0022
15-19 0.0024 0.0046 0.0011 0.0021 0.0025 0.0038
20-24 0.0028 0.0063 0.0010 0.0031 0.0048 0.0051
25-29 0.0056 0.0065 0.0017 0.0033 0.0055 0.0053
30-34 0.0044 0.0068 0.0024 0.0038 0.0041 0.0056
35-39 0.0064 0.0076 0.0014 0.0042 0.0042 0.0063
40-44 0.0045 0.0091 0.0046 0.0054 0.0062 0.0075
45-49 0.0085 0.0115 0.0055 0.0073 0.0053 0.0096
50-54 0.0153 0.0154 0.0043 0.0102 0.0124 0.0130
55-59 0.0165 0.0209 0.0082 0.0154 0.0122 0.0178
60-64 0.0253 0.0308 0.0134 0.0246 0.0156 0.0266
65-69 0.0262 0.0443 0.0188 0.0405 0.0363 0.0391
70-74 0.0446 0.0702 0.0219 0.0698 0.0446 0.0634
70"5 ....... 57.19 54.20 63.95 59.44 59.01 56.27
Difference .. 2.99 4.51 2.74

Source: See table XL3.
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directly from recorded deaths and person-years of
exposure. The time reference of the measures is unam
biguous-the survey period-and no reliance is placed
on models except in sorne cases for local smoothing.
For a secondary analysis of completeness, models will
normally be invoked. A similar advantage clearly
applies to single-round retrospective survey data on
deaths in a defined preceding period. Indirect estima
tion procedures applied to the single-round data, on
the other hand, although involving only simple tabula
tion and calculation, rely heavily upon assumed mod
els of demographie phenomena; and, under conditions
of changing mortality, produce estimates of an uncer
tain period, unless a further assumption covering the
regularity of the mortality change is introduced.

Disadvantages of multi-round surveys

Complexity of operations

The major disadvantage of the multi-round approach
is that the field-work is relatively complex and places
heavy demands on financial and skilled manpower
resources in countries where such resources are typ
ically scarce. The enumeration units have to be clearly
identified and mapped because the approach entails
follow-up visits to the same units. The questionnaire is
generally more complex and often there may be prob
lems of transcription of the questionnaire for the fol
low-up visits." The survey operation is spread over an
extended period oftime and may be disrupted by polit
ical or administrative changes. The multiple visits to
the same units may result in respondent and inter
viewer fatigue, adversely affecting the quality of data.
Thus, the multi-round survey requires a highly trained
and motivated field staff and a close supervision of all
aspects of the field-work, a costly undertaking for
many developing countries." The single-round retro
spective survey, on the other hand, requires only a
short period offield-work, does not require the reiden
tification of households and entails less demand for
skilled manpower and administrative continuity.

Delay to availability of results

In its pure forrn, the multi-round survey produces no
useful information until its second round, since events
are only recorded between rounds; and it generally
produces no firm results until its final round, because
of sample size problems. Thus, there is a substantial
delay between the beginning of the field-work and
obtaining the results. The single-round retrospective
survey, on the other hand, can produce final results
within a few months of the field-work and is thus very
convenient for a quick assessment of the mortality
conditions of a country.

Larger sample size

Since death is a rate event, multi-round surveys
need a large sample if rates are to be measured with
adequate precision. A United Nations manual" on

112

sample surveys in Africa recommends a mmimum
sample size of 100,000 persons or 20,000 households
for a demographie household survey. A multi-round
survey should thus aim for 100,000 person-years of
exposure, although the sample size can be reduced by
extending the period of observation. Even this large
sample may not be sufficient for a detailed study of dif
ferentials of adult mortality.

A systematic study of sampling errors for estimates
from indirect techniques does not exist. However,
most indirect measures are based on measures of
cumulated lifetime experience, thus greatly increasing
the number of events included in the analysis; for
example, in orphanhood techniques, respondents of a
given age x report information on survivorship of their
parents over a period of x years. Thus, effective sam
pie size is much greater than the number of persons
surveyed, generally resulting in greater statistical pre
cision.

Higher cost

In terms of cash outlays, a multi-round survey is
more expensive than a single-round retrospective sur
vey of identical sample size. For example, the data
collection cost of a multi-round survey with R rounds
will be roughly R times the cost of a single-round sur
vey. The follow-up rounds may cost less than the ini
tial baseline survey but this saving will be more or less
compensated for by the additional costs that would be
involved for clear identification of the units required
for follow-up visits. Thus, even if costs for other
items, such as data processing and analysis, do not dif
fer between the two types of surveys, a multi-round
survey will cost more than a single-round retro
spective survey, particularly when the sample size
benefits of the latter survey are considered.

SUMMARY AND CONCLUSIONS

This chapter has described two survey approaches
to mortality measurement in developing countries, one
a generally retrospective approach incorporating mor
tality studies in multi-purpose household survey pro
grammes, and the other an essentially prospective
approach, generally single-mindedly demographie in
purpose, using multi-round surveys.

The utility of including a mortality element in multi
purpose survey programmes appears to be non-contro
versial. The mortality risks to which population sub
groups are exposed are important socio-economic
characteristics ofthe groups, and other elements in the
survey programme can provide useful background
information for the study of mortality. What remains
controversial is the way in which mortality informa
tion should be collected. The single-round retro
spective survey collecting only information on deaths
in the preceding 12or 24 months has rarely given satis
factory results; and even though recent analytical
developments offer the possibility of assessing and
adjusting such information on post-childhood deaths



as long as coverage reaches sorne 60 per cent, the
approach should not be used on its own, since it is like
ly to be particularly defective for childhood deaths.
Happily, two retrospective approaches seem capable
of providing information about levels, trends and to
sorne extent differentials in child mortality, namely,
the maternity history (direct) and the survival of chil
dren ever born (indirect). The latter approach is cheap
er, but the former provides much more information
about differentials and trends, so the choice for a par
ticular survey must depend upon its objectives.

The multi-round survey is expensive, cannot pro
duce quick results and demands an institutional com
mitment and continuity hard to achieve in many areas.
On the other hand, it can produce mortality informa
tion of adequate coverage and with great potential for
the analysis of differentials, given the longitudinal
nature of such studies.

Advances in survey methodology have undoubtedly
contributed to the improvement of mortality statistics
in developing countries. There is no one method that
can be regarded as a panacea, however; and the meth
odology for a particular survey must depend upon its
objectives, while recognizing the efficiency of pick-a
backing mortality studies on surveys of other popula
tion characteristics. Further experimentation is also
required in important areas where the CUITent meth
odologies are weak, such as the study of adult mor
tality differentials (difficult because the events are
rare) and the collection of usable cause of death data.

This chapter has brietly described the multi-round
survey approach to data collection and has discussed
sorne ofits strengths and its weaknesses. Several other
approaches to the collection of mortality data are also
available, sorne of which have been examined by the
other participants of this Working Group. No single
approach to data collection can be identified as being
most suited for aIl situations. Obviously, a number of
factors-including local statistical infrastructure and
the availability of resources, in terms of money, and
competent and experienced staff-will determine the
suitability of a particular survey approach.

Multi-round surveys, when weIl organized and prop
erly executed, can provide a wealth of data for mor
tality analysis. The multi-round survey has distinct
advantages over the single-round retrospective survey
in terms of obtaining reliable data for studying levels
and differentials of mortality. However, multi-round
surveys are cornplex and require substantial input of
money, skilled manpower and a high level of admin
istrative organization. Needless to say, these are
among the scarcest resources in many developing
countries, which adds to the difficulty of mounting
such surveys."
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XII, EXPERIENCES IN ESTIMATING DIFFERENTIALS IN MORTALITY IN DEVEL- 
OPED COUNTRIES-ACHIEVEMENTS AND SHORTCOMINGS OF THE VARIOUS 
APPROACHES" 

Elsebeth Lynge * * 

In recent years, interest in mortality differentials in 
developed countries has revived. There are two main 
reasons for this concern. The first reason is the obser- 
vation in the post-war period in some developed coun- 
tries of a stagnation or even an increase in male 
mortality. This unfavourable change has taken place 
simultaneously with an expansion in health care 
expenditures and has led to such concepts as "the 
diminishing return from health investments"' and "the 
medical nemesis".' The second reason is the general 
threat of ecological catastrophes caused by side- 
effects of technological innovations, especially from 
new chemicals and atomic energy. 

The study of mortality differentials in developed 
countries today therefore serves to identify high-risk 
groups or unfavourable trends, which in turn indicate 
areas in which preventive interventions are likely to be 
fruitful. Valuable supplements to such mortality stud- 
ies are studies of health factors other than mortality, 
such as cancer incidence, sterility, spontaneous abor- 
tions and congenital malformations, and studies of the 
effectiveness of treatment and prevention strategies. 

All mortality studies share certain traditional ele- 
ments, and well-tried techniques still have a role to 
play; but during the 1970s important methodological 
innovations were introduced into epidemiological 
studies of occupational risks, smoking, side-effects of 
drugs etc. This chapter gives a short description, illus- 
trated with examples, of each of the methods currently 
available for the study of mortality differentials. 

A. DETECTION OF MORTALITY DIFFERENTIALS BY 
PLACE AND TIME FOR POPULATION GROUPS 

First indications of areas where health intervention 
may be fruitful can often be obtained through the com- 
parison of mortality rates, particularly if specific by 
age, sex and cause, for different geographical areas 
and different times. The data for such comparisons are 
generally readily available and involve large numbers 
of events. 

The study of the geographical variations in mortality 

'The original version of this chapter appeared as document IESA/ 
PIAC. 1715. 

**Danish Cancer Registry, Copenhagen, Denmark. 

is relatively simple, requiring only consistency in data 
quality, the definitions used and the calculations. Con- 
sistent calculations of life expectancy for different 
countries are published by the World Health Organiza- 
tion (WHO).' In Europe, the highest levels of life 
expectancy for men are observed in the Scandinavian 
countries and in Greece, showing that there is no sim- 
ple geographical gradient in the mortality in Europe. 
Similarly, the study of time trends in mortality rates 
requires only consistency in data quality, definitions 
and calculations. 

Variability over place and time can also be studied 
jointly. Figure XII. 1 illustrates the stagnatiodincrease 
in mortality for middle-aged men in Europe. The age- 
adjusted mortality for males aged 40-64 years in the 
Netherlands increased in the 1950s and 1960s. In Eng- 
land and Wales, mortality declined throughout the 
period, whereas it remained nearly unchanged in the 
Federal Republic of Germany. Hungary experienced a 
decline in mortality in the 1950s and 1960s, but a steep 
increase in the 1970s. 

Although the examination of very broad differentials 
such as these indicates undoubted differentials in risk 
factors to which the populations are exposed, it pro- 
vides little or no indication of what the risk factors 
may be. For such purposes, the study of mortality 
rates specific for age, sex and cause of death, either 
over time or for much smaller geographical units than 
countries, is likely to be rewarding. Marked differen- 
tial mortality from some particular cause between two 
adjacent areas may indicate some particular environ- 
mental or occupational risk factor present in one area 
but not in the other. Similarly, a marked change over 
time in a particular age-, sex- and cause-specific 
mortality rate may indicate important behavioural 
changes: trends in lung cancer deaths are an obvious 
example. 

A study4 conducted at Chicago (United States of 
America) provides an example of the use of small-area 
information to examine socio-economic differentials in 
mortality. Five socio-economic groups within the city 
of Chicago were defined by assigning residents of each 
of the census tracts at Chicago to a socio-economic 
group on the basis of the median rent (1930 and 1940) 
or median family income (1950 and 1960) of the tract. 
The authors conclude that: 



"In general, despite the limitation of this 
approach which attributes to each individual resid- 
ing in a given census tract the average charac- 
teristics for the tract as a whole, it has demonstrated 
that there are wide variations in mortality by socio- 
economic status within metropolitan areas. These 
studies, as those based on individual characteristics, 
reveal an inverse relationship between mortality and 
socio-economic  tatu us."^ 
The possible pitfalls of examining small-area differ- 

entials are illustrated by a report6 from Finland on 
cancer incidence in relation to socio-economic charac- 
teristics of municipalities. This study found an increas- 
ing incidence of cervical cancer with increasing 
average income and percentage in the two highest 
social classes. This result is not in accordance with 
earlier studies, and the authors comment: 

Figure XII.1. Age-adjusted mortality for males aged 40-64 years, 
England and Wales, Federal Republic of Germany, Hungary and 
the Netherlands 
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aAge-standardized number of deaths in a world standard popula- 
tion of 100,000. 

"The apparently conflicting results with regard to 
cancer o f .  . . the cervix uteri might be explained 
simply by the fact that, in the main, the population 
of the municipalities are heterogeneous, i.e., high- 
risk sections with a low standard of living are found 
even in modern industrialized environments. This 
also shows the problems involved in the interpreta- 
tion of the results of studies like this."' 
The detection of differentials is only a first step in 

identifying the health problems involved. The second 
step in the process is to associate the observed differ- 
entials over place or time with behavioural or environ- 
mental differences or changes. Such studies are 
sometimes called "correlation studies". However, 
detailed individual-level studies have not always con- 
firmed the apparent link between excess mortality and 
environmental or behavioural factors found in correla- 
tion studies. There are several examples of apparent 
relationships which it has not been possible to confirm 
at the individual level. One such example is a positive 
correlation at the national level between the incidence 
of cancer of the rectum, and to some extent also colon 
cancer, and beer consumption per capita; this rela- 
tionship could not be confirmed in a follow-up studya 
of brewery workers in Denmark having a beer con- 
sumption above the average. 

B. CROSS-SECTIONAL STUDIES OF MORTALITY 
DIFFERENTIALS BY INDIVIDUAL CHARACTERISTICS 

Mortality differentials between areas and time peri- 
ods have proved very useful for suggesting the 
existence of specific health problems but, as has been 
demonstrated by the examples in the previous section, 
the possible confounding effects of uncontrolled fac- 
tors on such differentials limits their value in establish- 
ing causal links. For such purposes, individual-level 
studies with more elaborate experimental designs are 
essential. This section and that which follows it 
describe and illustrate the principal approaches in cur- 
rent use. Their main characteristics are summarized in 
table XII. 1. 

Conventional cross-sectional studies 

The cross-sectional study uses information on 
deaths and population for a particular point in time to 
examine mortality differentials by individual charac- 
teristics. The typical data sources are registered 
deaths to provide numerators and a population census 
to provide denominators. The decennial studies on 
occupational mortality for England and Wales provide 
typical examples. They are based on census data and 
data from death certificates. The population distribu- 
tion by sex, age and occupation is known from the cen- 
sus and is used as the denominator in the calculations. 
The distribution by sex, age and occupation of persons 
dying in a period of three or five years around the cen- 
sus date is taken from the death certificates and is used 
as the numerator in the calculations. William Farr9 
pioneered this type of study, first applied using the 



TABLE XII. I. CHARACTERISTICS OF METHODS FOR THE STUDY OF 

OCCUPATIONAL MORTALITY DIFFERENTIALS 

Characteristics of method 

Occupation Mortality 
known at foNowed 
diff,,,: long offer 
pornts in registration 

Method Linking rime of occupation Examples 

A. Cross-sectional studies . No No No United Kingdom decen- 
nial survey 

B. Follow-back surveys . . .  No No No United States, 1980s 
study 

C. Matched-record studies . Yes No No United States, 1960s 
study 

D. Follow-up studies; cen- 
sus data .............. Yes No Yes Scandinavian studies 

United Kingdom and 
France, samples 

E. Longitudinal studies .... Yes Yes Yes Norway 
F. Follow-up studies; cohort 

data .................. Yes Yes Yes Occupational medicine, 
e.g., United King- 
dom, polyvinylchloride 
workers 

Sources: For method A, United Kingdom, Off~ce of Population and Censuses and Surveys, 
Occupational Mortality: the Registrar General's Decennial Supplement for England and Wales, 
1970-1972, Series DS, No. 1 (London, H.M. Stationery Office, 1978; for method B, Evelyn M. 
Kitagawa, "Present shortcomings and knowledge gaps in U.S. studies", in Socio-economic Differen- 
tial Mortality in lndustrialised Societies (Paris, United Nations, World Health Organization and Com- 
mittee for International Co-ordination of National Research in Demography, 1981), vol. 1; for method 
C, Evelyn M. Kitagawa and Philip M. Hauser, Differential Mortality in the United States: A Study in 
Socioeconomic Epidemiology (Cambridge, Mass., Harvard University Press, 1973); for method D, 
Norway, Statistisk Sentralbyri, Yrke og Dldelighet, 1970-1973 (Occupation and mortality, 1970-1973), 
Statistiske Analyser, No. 21 (Oslo, 1976); Denmark, Danmarks Statistik, Dldlighet og Ehrverv 
1970-1975 (Mortality and occupation 1970-1975), Statistiske Undeys@gelser, No. 37 (Copenhagen, 
1979); Hannele Sauli, Kuolleisuus: Ammati ja Kuolleisuus 1971-75 (Occupational mortality in 1971-75), 
Tilastokeskus Studies, No. 54 (Helsinki, 1976); A. J. Fox, "Prospects for measuring changes in differ- 
ential mortality", in Proceedings of the Meeting on Socioeconomic Determinants and Consequences 
of Mortality, El Colegio de Mexico, Mexico City, 19-25 June 1979 (New York and Geneva, United 
Nations and World Health Organization, 1980), pp. 516-561; Guy Desplanques, La mortalit6 des 
adultes suivant le milieu social, 1955-71, Les Collections de I'INSEE, Series D, No. 44 (Paris, Institut 
national de la statistique et des Ctudes Cconomiques, 1976); for method E, Lars B. Kristofersen, Yrke 
og Dldelighet (Occupational mortality), report No. 79/19 (Oslo, Statistisk Sentralbyri, 1979); for meth- 
od F, A. J. Fox and P. F. Collier, "Low mortality rates in industrial cohort studies due to selection for 
work and survival in the industry", British Journal of Preventive and Social Medicine, vol. 30, No. 4 
(December 1976), pp. 225-230. 

1851 data; and the existence of a social class gradient 
in mortality has been documented for more than a cen- 
tury, as is shown in figure XII.2. 

Some of the ambiguities inherent in geographical 
studies are avoided by the use of this approach, but 
problems remain. The definitions used for recording 
occupation on the census forms and on the death cer- 
tificates have been co-ordinated so that both sets of 
data refer to last full-time occupation. However, dis- 
crepancies are discovered when death certificates are 
linked to individual census records. Among 607 men 
aged 15-64 years at the census in April 1971 who died 
in 1971,233 were allocated to different occupational 
orders at the census and on the death certificate, and 
62 were allocated to different occupational units within 
the same occupational order. More men were allo- 
cated to "inadequately described occupations" or 
"unoccupied" at the census than at death. A higher 
percentage than expected from pure chance of men 
"unoccupied" in the census were classified as  
labourers not elsewhere classified, miners or farmers 
on the death certificate, leading to an overestimation 
of mortality in these  occupation^.'^ 

The importance of the documentation of persistent 
mortality inequalities in societies from studies such as 
these cannot be overestimated. The publications "rep- 
resent an assessment of the current position. That coal 
miners die from pneumoconiosis is not a novel discov- 
ery-that they continue to die from this disease is a 
sad reflection on the inadequacy of preventive meas- 
ures over the past 30 or so years"." However, due to 
the inconsistencies in the occupational classifications 
described above and the lack of information about pos- 
sible exposure to risk factors earlier in life, such stud- 
ies are less valuable for the identification of specific 
occupational or other risk factors. Different types of 
linking techniques have been devised in order to over- 
come this deficiency. 

Retrospective unlinked studies 

The problems arising from combining death certifi- 
cate and census data in the analysis can partially be 
met by collecting data for deceased persons which are 
equivalent to the data collected for the risk population 
at the census. Such an approach will be used in the 



Figure XII.2. MorWity for males aged 15-64, by social dess, 
Eagland d WPles, 1930-1970 
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United States of America for the study of mortality dif- linking of death certificates to the general census rec- 
ferentials in the early 1980s. A mail questionnaire will ords; and in the subsequent linking to socio-economic 
be sent to relatives of a sample of 50,000-70,000 records for the deceased persons supposed to be 
deceased persons. The occupational data for these included in the 25 per cent coded sample. Conse- 
deceased persons will be coded according to the 1980 quently, only 75 per cent of the death certificates were 
census classifications, and the census data from a Sam- ultimately matched. 
ple of 69,000 households will be used to provide 
denominators . I 2  

C. FOLLOW-UP STUDIES If this approach is extended to include information 
on exposuie to risks earlier in life both for the Cross-sectional studies suffer from a limitation in 
deceased and for the household sample, the design is that they provide little information about the earlier 
equivalent to a case-control study with population experience of the deceased. If death is regarded as the 
controls (see section D). culmination of continuous exposure to various risks, 

such information is clearly of value. The follow-up 
Matched-record studies study, whereby a population is defined by a census or 

baseline survey and then followed up for a period of 
The approaches described above are not true indi- time, provides such information and avoids biases 

vidual-level studies, but rather attempts to classify introduced by, for example, disease-related changes in 
events and exPo ure for relatively homogeneous PoPu- occupation prior to death. However, the costs of these I lation subgroup As such, they benefit fmm large advantages are long delays before results can be 
~ ~ m b e r s  of captured events, given the simple design, obtained and relatively small numbers of events to 
but suffer from the small number of factors that can be work with. 
allowed for. The matched-record study, whereby the 
census records for a sample of persons dying in a par- Follow-up studies based on census data 
ticular period are linked to the death records, provides 
greater scope for disaggregation, although still on a censuses can be used to identify the base population 
cross-sectional basis. A study undertaken in the Uni- to be followed up. The central technical problem in 
ted States in 1960 provides an example. l 3  Deaths such a case is the matching of subsequent deaths to the 
occurring in the United States during the period from initial study population. Personal identification num- 
May to August 1960 were manually matched to the bers facilitate this process. In France, the RCpertoire 
individual census records from April 1960, using national d'identification des personnes-which is a 
addresses. However, the census data on socio-eco- manual register-has been used for a 17-year follow- 
nomic characteristics were coded for only 25 per cent UP study of mortality in a sample of 5*9*0 men from 
of the census population and mismatching therefore the 1954 ~ ~ n s u s . ' ~  
occurred at two stages in the mortality study: in the The Central Population Registers in the Scandina- 
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vian countries have been used for mortality follow-up 
studies of the total 1970 census populations, three-year 
follow-up studies in Norway1' and five-year follow-up 
studies in Denmark16 and Finland.17 

The National Health Service Central Register for 
England and Wales-which is a manual register like 
that in France-has been used for a five-year follow- 
up study of mortality in a sample of 500,000 persons 
from the 1971 census.18 

In the Federal Republic of Germany, a one-year fol- 
low-up study of mortality is based on data collected 
from a sample of 181,000 households included in two 
successive labour force sample surveys, also called 
micro-censuses. l9 

In each of the studies, mortality in the follow-up 
period has been analysed by occupation at the time of 
the census. The Scandinavian studies show that the 10 
per cent of the men who were aged 20-64 years and 
economically inactive at the time of the census have a 
mortality that is 2.5 times the rate for the economically 
active. Within the economically active part of the pop- 
ulation, male unskilled workers have a 40-50 per cent 
excess mortality in the younger age groups. This 
excess decreases with increasing age and disappears 
towards the pensionable age (see the diagrams from 
Denmark and Norway in figure XII.3). 

One of the purposes of occupational mortality stud- 
ies is to generate hypotheses about occupational risks. 
For this purpose, detailed tabulations by occupation 
and cause of death are necessary. The Danish study 
has, for instance, revealed an excess risk for lung can- 
cer among butchers. This association is, however, not 
seen when all workers in the food and beverage indus- 
try are studied together." Detailed tabulations require 
large numbers; and although the total national popula- 
tions are included in the Scandinavian studies, pro- 
longation of the follow-up periods will obviously 
improve the analytical possibilities. 

Another limitation in the census-based studies is 
that only the occupation at one point in time is known. 
Selection mechanisms influencing the composition of 
the labour force at the time of the census therefore 
have to be taken into account in the interpretation of 
the results. The problem is clearly illustrated by the 
mortality pattern among women: housewives have a 
40 per cent excess mortality in comparison with eco- 
nomically active women, suggesting a strong health 
selection in the labour force rather than exposure to 
differential risks. 

Continuous longitudinal studies 

The follow-up approach can be modified to avoid 
some of the pitfalls of selection effects by recording 
not only deaths but important changes affecting the 
living through regular monitoring of the study popula- 
tion. Such continuous longitudinal studies require 
intensive and lengthy field-work, but they also offer 
control of a wide variety of factors. For example, 
selection out of the labour force of unhealthy persons 

can be accounted for to a certain extent in the analysis 
of occupational mortality by inclusion of data on pre- 
vious employment. 

In Norway, individual records from the 1960 and 
1970 censuses have been linked together. Based on 
this linked file, the mortality differentials in the period 
1970-1973 for occupational and social groups have 
been studied, including both persons who were eco- 
nomically active in 1970 and persons who were eco- 
nomically inactive in 1970 but were members of the 
labour force in 1960.'' Figure XII.4 shows the dif- 
ference in the mortality between men in social group D 
(unskilled workers) and men in social group A (profes- 
sionals) in Norway in 1970-1973. The graphs show that 
the recorded difference in mortality between the two 
social groups is enlarged when the persons who were 
economically active in 1960 but retired in 1970 are 
included in the respective social groups. This suggests 
that the narrowing of the social difference in mortality 
in the older age groups can be explained in part by ear- 
ly retirement of unhealthy manual workers. 

However, the data from Norway also show that 
even when early pensioners are included in the analy- 
sis, the excess mortality of male unskilled workers is 
greater in the younger than in the older age groups. 
The same pattern is observed in England and Wales 
and in Denmark. 

Several factors seem to contribute to this charac- 
teristic pattern in the mortality of male unskilled work- 
ers: first, an unfavourable health selection in the 
younger age groups; secondly, an excess mortality 
from violent deaths; thirdly, the early retirement of 
unhealthy manual workers; and lastly, almost no 
social difference for men over age 50 in mortality from 
circulatory diseases; at this age, half the number of 
deaths are due to circulatory diseases.22 

Follow-up studies based on cohort data 

The difficulties in interpretation of cross-sectional 
mortality data can also be reduced by registration of 
persons from the moment when they enter a particular 
exposure group, such as an industrial or occupational 
category. This technique has been widely used in 
occupational medicine, especially in the United States 
of America and in the United Kingdom of Great Brit- 
ain and Northern Ireland. 

Supplementation of the data on date of entry to the 
cohort with data on date of exit provides the pos- 
sibility for the study of mortality in relation to length of 
exposure. A well-known example is the British 
of workers in the polyvinylchloride industry. Selection 
mechanisms have been illustrated by data for cohorts 
of such workers. Table XII.2 shows mortality for male 
polyvinylchloride workers by age and length of time 
since entry to the industry. The mortality among men 
aged 25-44 during the first five years after they entered 
the polyvinylchloride industry is only half the national 
rate, with a standardized mortality ratio of 45, but 
reaches the average level 15 years after entry to the 



200 c Relative mortality 

Figure X11.3. Mortality for males, by occupational groups, Norway, 1970-1973; 
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Figure XII.4. Mortality for males in social groups D and A, 
Norway, 1970-1973 
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TABLE X11.2. STANDARDIZED MORTALITY RATIOS AMONG MALE POLY- Selection out of the industry of unhealthy workers is 
VINYLCHLORIDE BY AGE AND LENGTH OF 'INCE illustrated by the mortality data for current and past 
ENTERING THE INDUSTRY. ENGLAND AND WALES 

Length of rrme since enrerrng rndusrry 
employees, respectively, 15 years after both groups 

(years) entered the industry. The recorded standardized mor- 
Age 

group 0-4 5-9 10.14 IS + Total tality ratio for current employees is then 74 in contrast 
25-44 ......... 45 73 57 104 62 to 108 for past employees. 
45-54 ......... 37 79 70 74 65 The selection into the industry of healthy workers 
55-64 ......... 32 51 99 92 79 
65-74 ......... 23 30 76 112 % 

and the selection out of the industry of unhealthy 
TOTAL 37 63 75 94 75 workers complicate the study of the effect on mortality 

Source: A. J .  Fox and P. F. Collier, "Low mortality rates in of length of exposure to vinylchloride monomers-the 
industrial cohort studies due to selection for work and survival in the very aim of the study - A method for analysis suggested 
industry", British Journal of Preventive and Social Medicine, vol. in the polyvinylchloride study in order to overcome 
30, No. 4 (December 1976), pp. 225-230. these difficulties is to look at the mortality by length of 

exposure among workers who were all alive 15 years 
industry (standardized mortality ratio of 104). The after entry and who had all left the industry by that 
health selection at entry is even more pronounced in time. By limiting the analysis to this group, both the 
the older age groups; the standardized mortality ratio effect of the selection into the industry and the effect 
for men aged 65-74 is only 23 during the first five years of selection out of the industry are taken into account. 
after entry. The analysis showed a slight increase in mortality by 
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length of exposure, the standardized mortality ratios 
being 104 for workers exposed 0-4 years, 116 for work- 
ers exposed 5-9 years and 117 for workers exposed 
10-14 years. 

The example given above clearly illustrates the 
problems in assessing the effects on health of exposure 
to potentially hazardous substances. 

D. MORTALITY STUDIES BASED ON NUMERATORS 
RATHER THAN RATES 

All the methods described above refer to situations 
where data both for the cases or the deceased and for 
the populations at risk are known, making possible the 
calculation of conventional rates. Proportional mor- 
tality studies and case-control studies are methods for 
bypassing the need for information about the popula- 
tions at risk in situations where only data for cases or 
the deceased are known. 

Proportional mortality studies 

In a proportional mortality study, the proportion of 
deaths due to a certain cause in a specific occupational 
or other group is compared with the proportion of 
deaths due to the same cause in the total population. 
The method is valuable in the search for excesses in 
mortality from rare causes of death. However, it is 
important in the interpretation to remember that no 
conclusion concerning the absolute mortality level can 
be inferred from the data. The following example illus- 
trates the problem. 

A studyz4 made in Switzerland showed that the 
number of deaths due to ischaemic heart disease in 
relation to the number of deaths due to other natural 
causes among men aged 45-65 was highest for profes- 
sionals and lowest for unskilled workers. An index 
equal to 100 for all men was 156 for the professionals 
and 82 for the unskilled workers. Mortality rates from 
England and Wales, however, show an excess in mor- 
tality from ischaemic heart disease for unskilled work- 
ers; and Scandinavian studies show almost equal rates 
for different social groups for males over age 50. The 
Swiss data do not necessarily indicate a risk distribu- 
tion for ischaemic heart disease that is different from 
the distribution observed in other countries; the appar- 
ently conflicting results can be explained by the excess 
mortality for unskilled workers from other natural 
causes of death, which results in low proportional 
mortality figures for ischaemic heart disease even 
though their absolute rates are equal to.or above the 
average. 

Case-control studies 

Case-control studies consist of matched samples of 
cases, i.e., persons with a specific disease; and of con- 
trols, i.e., persons from whom it is possible to estimate 
the proportion of persons in the population exposed to 
a specific risk. It is important to stress that although 

controls in case-control studies are often selected 
among patients with diseases other than those being 
studied, the purpose of the series of controls is to esti- 
mate the exposure rate in the population. Conse- 
quently, series of controls are selected for instance 
among patients with a disease supposedly unaffected 
by the exposure in question. 

Case-control studies are especially suited for the 
study of risk factors in rare diseases. A case-control 
study2' in Sweden, for instance, revealed a relative 
risk of from five to six for soft-tissue sarcomas among 
men exposed to phenoxyacids and chlorophenols. 
Men selected from the population and death registers 
and matched with the cases on age and municipality 
constituted the series of controls. Persons who died 
from cancer were excluded from the controls because 
phenoxyacids and chlorophenols might also cause 
types of cancer other than soft-tissue sarcomas. Fifty- 
two cases diagnosed over an eight-year period were 
included in the study. Due to the rareness of this dis- 
ease, it is very unlikely that this excess risk would 
have been discovered in a follow-up study. 

However, spurious results can arise from case-con- 
trol studies if strict rules for selection of controls are 
not followed. For example, data from the United 
States Third National Cancer Survey were analysed 
on a case-control basis, the fraction exposed to certain 
risk factors among persons with one type of cancer 
being compared with the fraction exposed to the same 
risk factors among persons with other types of can- 
cers. This analysis "indicates an inverse association 
between breast cancer and smoking which illustrates 
an artifact caused by inclusion of exposure-biased 
patients in the control group (lung and other smoking- 
associated cancers)" .26 

E. EVALUATION OF METHODS 

Methods for the study of mortality differentials must 
be evaluated in relation to the purpose of the study. In 
relation to data on occupational mortality, it is 
decisive for the evaluation of the method whether the 
purpose is to sharpen the awareness of social 
inequalities in societies, to generate hypotheses about 
occupational risks or to lay the basis for specific pre- 
ventive interventions. 

The cross-sectional method used in the decennial 
supplements in the United Kingdom is, as illustrated, 
sufficiently precise for the detection of social-class dif- 
ferences in mortality. The method is generally consid- 
ered to be inexpensive because it is based on already 
existing data. However, when computerized registra- 
tions with personal identification numbers are avail- 
able, linking of individual census records and death 
certificate records is no doubt both less expensive and 
more precise than the separate coding of occupational 
information on death certificates. Unfortunately, the 
linking of individual records for total national popula- 
tions is at the moment possible only in the Scandina- 
vian countries, and the use of cross-sectional or 



sample-based linking studies should therefore be rec- criteria is the association between cigarette smoking 
ommended in other countries. and lung cancer. The relationship between lung cancer 

The generation of hypotheses about occupational mortality and smoking habits among British doctors 
risk has normally been stated as the main purpose of studied by Doll and Peto3' can be explained by neither 
information systems on occupational mortality. The confounding nor chance biases. Additionally, several 
experience from the United Kingdom decennial sup- other studies+.g., of veterans and volunteers in the 
plement is, however, short of examples and-in United States of America-have shown the same asso- 
tion to the documentation of the social-class ciation. The association is strong, and the risk for 
differences-the supplements have mainly functioned smokers in relation to that for non-smokers increases 
as a monitoring system for already established or sus- with the number of cigarettes Sn~oked. Lastly, when 
pected associations between occupational exposures the British doctors stopped smoking, their lung cancer 
and specific  disease^.^' rate approached the rate for non-smokers. 

It may be reasonable to expect a broader field of However, few studies of the relationship between 
applications for studies of the linked type where there specific exposures and the development of human can- 
is no problem concerning misclassifications ofoccupa- cer fulfil all the criteria listed above. It is also impor- 
tions at death and where the calculations are demo- tant to remember that although true negative studies 
graphically more exact. exist, epidemiological studies often have an inherent 

The Danish occupational mortality study, which is a biad towards a negative result, primarily due to the 
five-year follow-up study of mortality in the 1970 ten- selection mechanisms On the labour market as dis- 

sus population, has revealed an excess lung cancer cussed above in section C. 

risk in, e.g., butchers (standard mortality ratio, I%), Concerning decisions on preventive interventions, 
bakers (209), plumbers (1 80), cooks (234) and dental therefore, mortality studies have to be supplemented 
mechanics (741). These observations are clues that mainly with experimental data and with data for earlier 
should be followed up by studies in these industries. detectable human reactions through mortality studies. 

However, the linked census-based studies are gen- Subsequently, mortality data are needed in order to 
erally not specific enough to form the basis for stand- monitor the effect of interventions. 
ards, norms or other preventive interventions. In AS discussed in the foregoing sections, it is possible 
studies where the occupation is only known at one to overcome some of the shortcomings in studies of 
point in time, caution is needed in interpretation of mortality differentials by the use of record linkage, 
mortality figures for certain occupations. Elevated registration of 0cc~pation at different points in time, 
lung cancer figures in Denmark for taxi-drivers (stand- prolongation of follow-up periods, etc. Therefore, it is 
ard mortality ratio of 272) and caretakers (158) are strongly mxmmended that occu~ational data from 
probably due to a selection of health-disadvantaged censuses, unions, industries, etc., should be collected 
persons into these relatively protected jobs, which are and stored in ways which would make it possible to 
often used for rehabilitati~n.~~ meet these methodological demands. 

Methodological demands on epidemiological studies 
, in relation to decisions on preventive interventions 

have been especially pronounced in relation to cancer. SUMMARY 
A recent review in the journal Cancer Mortality studies in developed countries serve to 

states that sufficient evidence of carcinogenicity is a identify high-risk groups and unfavourable trends. 
causal association between exposure and human can- During the 1970s, important methodological innova- 
cer: tions have come from studies of occupational risks, 

''Three criteria must be met to infer a causal smoking, side-effects of drugs, etc. Advantages and 
association between exposure and human cancer: shortcomings of the different methods must be evalu- 
(a)  there is no identified bias which could explain ated in relation to the purpose of the study. Meth- 
the association; (h)  the possibility has been ruled odological demands of mortality studies in relation to 
out that the association is due to another uncon- decisions on preventive interventions have especially 
trolled variable (often called a confounding vari- been discussed within the field of cancer. It is strongly 
able) that is associated with both the cancer and recommended that occupational data should be col- 
the presumed causal agent; (c) the association is lected and stored in ways which would make it pas- 
unlikely to be due to chance. sible to overcome shortcomings in the design of 

"In general, while a single study may be indica- mortality studies. 
tive of a cause-effect relationship, confidence in 
inferring a causal association is increased when 
several independent studies all show the associa- 
tion, when the association is strong, when there is NOTES 
a dose-response relationship, or when a reduction 
in exposure is followed by a in the inti- 'J. Powels, "On the limitations of modem medicine", Science of 

dence of cancer."29 Medical Management, vol. 1 (1973), pp. 1-30. 
2~van D. Illich, Limits to Medicine: Medical Nemesis (New York 

The classic example of an association fulfilling these and Harmondsworth, Penguin, 1977). 
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XIII. EXPERIENCE OF THE PAN AMERICAN HEALTH ORGANIZATION IN 
USING DEATH CERTIFICATES FOR INTENSIVE STUDIES OF MORTALITY* 

Ruth R. Puffer*" 

Many challenges for the improvement of vital statis- 
tics systems and of health programmes have resulted 
from the findings of two large investigations of mor- 
tality' based on death certificates. This chapter is pri- 
marily concerned with the experience gained from the 
Inter-American Investigation of Mortality in Child- 
hood in relation to the basic data needed for interna- 
tional programme planning. The findings were very 
revealing-far more so than expected-as they 
showed the need not only for improving the basic data 
but for reorienting maternal and child health pro- 
grammes to place more emphasis on producing healthy 
products of pregnancy, able to survive the hazards of 
the environment. For family planning programmes, 
they showed the most favourable age groups for child- 
bearing and the value of spacing pregnancies to reduce 
mortality risks. 

The development of studies of mortality in widely 
differing areas has many advantages but also distinct 
problems. Standard definitions and procedures must 
be followed to attain comparability. Since the United 
Nations and the World Health Organization (WHO) 
have been assigned such responsibility, it is logical 
that they sponsor studies to promote quality in the 
basic vital statistics. Only through operational in- 
depth studies will the problems be discovered. Com- 
parison of results from differing areas raises many 
questions and provides clues as to causation. 

In this discussion, the methodology of the regional 
programme is presented first, followed by a section 
showing the wide variation in death rates and the com- 
pleteness of the data. Then some of the highlights of 
the Investigation, principally those from the study of 
multiple causes of death and multiple factors related to 
reproduction, are given. In the last section, the experi- 
ence gained is shared for the benefit of future studies 
in the Americas as well as in other regions of the 
world. 

selected communities of the Americas research proj- 
ects designed to establish death rates for infancy and 
childhood that would be as complete and accurate as 
possible, taking into account biological as well as 
nutritional, sociological and environmental factors. 
For adults, the results of the Inter-American Investiga- 
tion of M~r ta l i ty ,~  carried out in the period 1962-1964 
in 12 cities, indicated the advisability of utilizing the 
experience gained in that large geographical study of 
diseases for an ambitious programme of research into 
mortality in childhood. Early in 1966, the protocol and 
procedures for a comprehensive investigation of mor- 
tality in infancy and early childhood were developed 
by the Pan American Health Organization (PAHO). 
The United States Agency for International Develop- 
ment (USAID) awarded funds for the pilot-testing 

- -- --- - 
phase. 

In order to agree on a questionnaire and to establish 
testing procedures, a working group meeting was held 
with participants from six countries. Field-testing was 
carried out in five areas and the first 700 completed 
questionnaires from the pilot projects were analysed in 
1967. The analyses revealed incompleteness of regis- 
tration of deaths in the first day of life in two areas, 
thus indicating the need for application of the WHO 
definition of a live birth.' Deficiencies in the com- 
pleteness of the clinical data in hospitals pointed to the 
need for improving the records systems of hospitals in 
areas where the Investigation was to be carried out, 
and also for providing short courses for personnel in 
charge of medical records. 

Difficulties were encountered in regard to the field- 
work in two rural areas, principally due to the lack of 
diagnostic evidence and medical attention. It was clear 
that the plan of the Investigation necessitated selection 
of rural areas that had local health services and were in 
close proximity to medical centres, so that satisfactory 
clinical data would be available for a high proportion 
of the deaths. Medical interviewers would be needed 
to make thorough investigations of the causes of 
death. 

The overall objective of the Inter-American Investi- On the whole, the public health nurses and social 
gation of Mortality in Childhood was to carry out in workers proved to be competent interviewers in 

obtaining complete histories of the pregnancies of the 
mother. Because of incomplete data on birth weights, 
efforts had to be made to introduce weighing of infants 

*The original version of this chapter appeared as document IESAJ 
P/AC.17/12. as a routine practice in hospitals. Standard procedures 

**United States of America. for the assessment of nutritional status were devised. 



A second working group, whose members had par- 
ticipated in the field-work, reviewed the results of the 
pilot testing and drew up several sections of the Man- 
ual of Procedures. The planning and pilot-testing 
phase resulted in valuable contributions to the design 
and operation of the research programme. 

Early in 1968, USAID approved the plans for the 
programme, as proposed for the period 1968-1972, and 
awarded funds for its initiation. The programme called 
for 27 months of field-work for the collection of data 
on deaths occurring in 24 consecutive months. Proj- 
ects were designed for 13 areas of Latin America. 
High-altitude communities, areas with serious health 
problems and both rural and urban areas were selected 
so that all types of problems would be represented and 
the results would be of value to health authorities in 
the major area. Since projects were desired also in 
Northern America, other sources of funds were 
sought; and projects were established in California, 
United States of America, and in Quebec Province, 
Canada. Thus, the Inter-American Investigation of 
Mortality in Childhood comprised research projects in 
15 different, widely separated areas in 10 countries of 
the Americas (see figure XIII.1). Although the pro- 
gramme included the collection of data on a sample of 
households for the same 24 months, this report is 
restricted to the studies of mortality. 

To reach agreement on procedures for the conduct 
of the Investigation, a planning conference of the prin- 
cipal collaborators was held in March 1968. In the 
selection of the study areas, the first consideration was 
to find a suitable health leader to serve as principal col- 
laborator and assume responsibility for the direction 
and conduct of the field-work and later for utilization 
of the results by both health services and schools of 
health sciences in the area concerned. The requisite 
qualifications included professional standing and expe- 
rience in the direction of field-work. The design of 
each project, the planning of its activities and the prep- 
aration and implementation of its budget for the 27 
months of field-work were essentially the responsibil- 
ity of the principal collaborator. Planning conferences 
for the medical interviewers also were convened as 
well as another for principal collaborators for discus- 
sion of rules for classification and coding of multiple 
causes of death in accordance with a new manual. 

The wide distribution of the 15 projects over the 
Americas can be seen in figure XIII. I .  The Sherbrooke 
project in Quebec Province has the northernmost loca- 
tion and the Chilean project the southernmost, lying at 
the other extreme of the hemisphere. The six projects 
shown by circles are confined to citirrs while the other 
nine shown by squares include suburban andlor rural 
areas. The 25 specific areas of the 15 projects with esti- 
mated populations under 5 years and 1-4 years of age 
and estimated live birrhs for the two years90 serve as 
the bases for rates are giver1 in table XIIT.1. Eight of 
the projects have divisions.into urban, suburban and/ 
or rural areas, while six are urban areas, either an 
entire city or districts of a city, as at Recife. Although 

the Sherbrooke project in Canada included suburban 
and rural areas, it was always treated as a whole 
because it was too small for subdivision. In five proj- 
ects, sampling was necessary. For example, at Silo 
Paulo, the sampling ratio was 1 in 4.25 deaths; and at 
Medellin, 1 in 3, while in the Santiago, Cali and Mon- 
terrey projects, the ratios were increased in order to 
complete the work with existing staff. In the principal 
report,' the projects are described to aid in under- 
standing the wide diversity of the material. 

The development of estimated populations and esti- 
mated live births was difficult for some of the areas. 
All available local material from censuses, surveys and 
reports was used; and the central staff worked with the 
principal collaborators to ensure the adequacy of these 
bases. For the 15 projects, the estimated population 
under age 5 for the two years was 2,098,890 and the 
total number of live births was 474,050. The project at 
St50 Paulo had the largest estimated population under 5 
years, namely, 243,710, and 58,160 live births. The 
smallest area was Viacha, the rural community on the 
altiplano in Bolivia, with an estimated population 
under 5 years of 3,350 and 850 live births. 

In each project, the principal collaborator directed a 
team of medical interviewers, public health nurses or 
social workers and others who assisted in the field- 
work. The 27-month schedule for field-work was 
divided as follows: one month of preparatory work and 
trial interviewing; 24 months for collection of data on 
deaths; and two months for completion of the pro- 
gramme. For the 13 projects in Latin America, data 
were collected for deaths for 24 months beginning in 
June, July, August or September 1968. The California 
and Sherbrooke projects were begun in 1969 and 1970, 
respectively. 

As soon as a death occurred and was known to the 
project staff, a nurse or social worker made a visit to 
the household concerned to obtain data on housing 
conditions, members of the family, parents of the 
deceased child, mother's reproductive history, pre- 
natal care, delivery, breast-feeding and provision of 
foods and medical attention to the index child. After 
this portion of the questionnaire (the first three pages) 
was completed, a medical interviewer sought clinical 
and pathological information in the hospitals, health 
centres or private physicians' offices where medical 
attention had been provided. If information was not 
available or was not satisfactory, the medical inter- 
viewer visited the home to obtain the history of ill- 
n e s ~ . ~  

The death certificate was usually the starting-point 
for the investigation, although in two projects, deaths 
were investigated before death certificates were avail- 
able, through the assistance of a public health nurse or 
hospital. 

Early in the programme, deficiencies in registration 
of deaths occurring in the first day of life were noted in 
several projects. In one of them the principal collab- 
orator was amazed to find that the difficulty was in his 
own large central hospital. He immediately improved 



the procedures in that hospital and more complete reg- gated routinely to distinguish those with evidence of 
istration was achieved in the second year of the proj- life after birth. The clinical records for women admit- 
ect. The change in registration procedures in Colombia ted to obstetrical wards of hospitals and the "delivery 
resulted in difficulties in all three projects; and books" proved to be an excellent source for discover- 
although the principal collaborators searched for unre- ing deaths that occurred soon after birth. Certain hos- 
ported deaths and found many, probably several were pitals buried unclaimed bodies without official death 
missed. certificates being filed.8 

1 Measures for evaluating; the com~leteness of inclu- 
sion of deaths were intFoduced and the rate of 10 B. RATES AND COMPLETENESS OF DATA deaths in the first day of life per 1,000 live births main- 
tained in the United States from 1950 to 1964' served For the two years of the Investigation, 35,095 deaths 
as a measure for judging completeness. In nearly all of infants and other children under 5 years of age were 
the projects, the registered foetal deaths were investi- studied in the 15 projects. The number of deaths varied 



TABLE XIII. 1. SPECIFIC AREAS. METHOD OF SELECTION OF DEATHS, PERIOD AND 

ESTIMATED POPULATION BASES FOR TWO Y E A R S ~  IN 15 P R O J E ~ S ~  
Estimated population base (rwo years)a 

-- 

Aged 1-4 years 
.Celection of Under - ....... 

deaths 07 5 years 2-4 Live Country, cenrral city 
residents perioda of a r e  Total I year years births 

- 
and other area 

Argentina 
1. Chaco Province project-Total . . 76 800 60 320 15 940 44 380 17 600 

Resistencia (urban), San Fernando 
................. Department All Aug. 1%8-July 1970 41 740 32 530 8 940 23 590 9 800 

Rural departments: Comdte. Fer- 
nhndez, Genl. Donovan, Liber- 
tad, Presidencia de la Plaza, 1 de 

.............. Mayo, Quitilipi All Aug. 1968-July 1970 35 060 27 790 7 000 20 790 7 800 
2. San Juan Province project-Total - 104 460 84 180 21 040 63 140 23 360 

San Juan (urban), capital depart- 
....................... ment All Aug. l%8-July 1970 25 240 20 220 5 060 15 160 5 820 

Suburban departments: Chimbas, 
Rawson, Rivadavia, Santa 

...................... Lucia All Aug. 1968-July 1970 35 540 28 620 7 160 21 460 7 920 
Rural departments: rest of 

................... Province All Aug. 1968-July 1970 43 680 35 340 8 820 26 520 9620 
Bolivia 

3. Bolivia project 
. . . . . . . . . . . . . . . .  La Paz (urban) All July 1968-June 1970 154 700 120 100 33 100 87 000 36 760 

Viacha (rural community) ...... All July 1968-June 1970 3 350 2 580 710 1 870 850 
Brazil 

4. Recife project-three urban dis- 
tricts: 

Beberibe, Casa Amarela, Encmzil- 
hada ....................... All July 1968-June 1970 123 910 95 810 26 820 68990 30400 

5. RibeirBo PrPreto project 
RibeirBo Pr6to (city) . . . . . . . . . . .  Ail July l%&June 1970 42 630 33 670 8 810 24 860 9 310 
Franca (interior city) . . . . . . . . . . .  All July 1968-June 1970 22 340 17 550 4 650 12 900 5 090 
Communities (suburbanlrural): 

Batatais, Brodosqui, Cravinhos, 
Jardin6polis, Sert5ozinho . . All July 1968-June 1970 17 530 13 850 3 610 10 240 3 840 

6. SBo Paulo project (urban) ...... 1 in 4.25 June 1968-May 1970 243 710 188 400 54 140 134 260 58 160 
Canada 

7. Sherbrooke projectC ........... All Jan. 1970-Dec. 1971 91 060 74 320 17 000 57 320 16 970 
Chile 

8. Chile project 
Santiago (urban) . . . . . . . . . . . . . .  1 in 5 July 1968-Feb. 1%9 

1 in 3 Mar. 1969-June 1970 191 650 154 500 37 130 117 370 40 180 
Cornunus (suburban/mral): Colina, 

Lampa, Quilicura, Til-Ti1 ..... AU July 1968-June 1970 16 120 13 000 3 120 9880 3400 
Colombia 

9. Call project (urban) ............ 1 in 2 July 1968-June 1%9 
1 i n 3  July1%9-June1970 101200 80900 20200 60700 21100 

10. Cartagena project (urban) ...... All July 1968-June 1970 86 000 68 800 17 200 51 600 17 900 
11. Medellin project (urban) ........ 1 in 3 July 1968-June 1970 93 300 74 600 18 600 56 000 19 400 

El Salvador 
12. El Salvador project 

San Salvador (urban) .......... All Sept. 1968-Aug. 1970 103 860 80 040 22 850 57 190 25 620 
Rural municipios: Apopa, Nejapa, 

Quezaltepeque .............. All Sept. 1968-Aug. 1970 21 430 16 550 4 510 12 040 5 400 
Jamaica 

13. Kingston-St. Andrew project- 
Total 183 240 143 570 39 110 104 460 40 960 

Metropolitan Kingston (urban) . . All June 1968-May 1970 167 530 131 260 35 770 95 490 37 450 
St. Andrew (rural) ............. All June 1968-May 1970 15 710 12 310 3 340 8970 3510 

Mexico 
14. Monterrey project (urban) ...... All Aug. 1968-July 1969 

2 in 3 Aug. 1%9-Jan. 1970 
1 in 2 Feb. 1970-July 1970 217 940 169 820 45 020 124 800 53 010 

United States of America 
15. California project 

San Francisco (urban) ......... All June 1969-May 1970 43 050 32 800 8 500 24 300 11 310 
Suburban sections of Alameda, 

Contra Costa and San Mateo 
counties .................... All June l%%May 1970 160 610 128 180 31 530 % 650 33 430 

aExcluding the California project, which was for one year. suburban and rural areas included in those projects. 
*he 15 projects are listed by the name that is used in referring to T h e  Sherbrooke project includes a large nual area but the num- 

them throughout this chapter. For four projects-Bolivia project, ber of deaths is too small for subdivision and the project is included 
Chile project, El Salvador project and California project-these with the cities. 
names are used when reference is made to the combination of urban, 
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from 371 at Sherbrooke, Canada, to 4,312 at Sfio Paulo 
and 4,276 in the Bolivia project (table XIII.2). The size 
of the project, as well as differences in birth rates and 
infant death rates, account for these wide variations. 
Of these deaths, 27,602 or 78.6 per cent were of infants 
and only 7,493 were of children aged 1-4 years. The 
numbers of deaths with rates in these three age groups 
for the 25 areas are given to show the magnitude of our 
projects and, likewise, the wide variations in mor- 
tality. Following the presentation of death rates, the 
completeness of registration of deaths is indicated by 
the death rates in early life. This discussion is followed 
by material showing the availability of birth weights 
and clinical data concerning cause of death. 

found in urban, suburban and rural areas of the 15 
projects. There are 25 distinct areas, as shown in fig- 
ure XIII.2, according to the size of the death rates, 
which range from a high of 50.5 per 1,000 population to 
a low of 4.1. The two areas with exceedingly high rates 
were the rural municipios of El Salvador and the rural 
community of Viacha, Bolivia. The three with the next 
highest rates were cities: Recife, Brazil; La Paz, 
Bolivia; and San Salvador, El Salvador. At the other 
end of the scale were three areas with very low rates. 
San Francisco and the suburban counties of Califor- 
nia, United States; and Sherbrooke, Canada. The rates 
given refer to known deaths, including those not regis- 
tered. 

In the five areas with very high rates under age 5, 
the mortality rates were relatively high in age group 
1-4, as well as in infancy. Although the study of mor- 
tality in this age group was most informative, in gener- 
al, it showed that the health problems were more 

Death rates in infancy and under 5 years of age 

Mortality in the period from birth to age 5 is dis- 
cussed first in general terms to illustrate the variations 

TABLE X111.2. MORTALITY RATES FOR CHILDREN UNDER AGE 5 ,  INFANTS AND AGE GROUP 1-4 YEARS, 
25 AREAS IN 15 PROJECTS 
- 

Under 5years Infant 1 4  years 

Rare Rare Rate 
Country, project Number (per 1,000 Number (per 1.000 Number (per 1,000 

and area of deaths population) of deaths live births) of deaths pwulation) 

Total .............. 
Argentina 

Chaco Province 
Resistencia ..... 
Rural departments 

San Juan Province 
San Juan (city) ... 
Suburban depart- 

ments ....... 
Rural departments 

Bolivia 
La Paz ............ 
Viacha ........... 

Brazil 
........... Recife 

Ribeirso Pr&o 
Ribeirso Pr6to 

(city) ........ 
Franca ......... 
Communities ... 

SBo Paulo ......... 
Canada 

Sherbrooke ...... 
Chile 

Santiago ......... 
........ Comunas 

Colombia 
Cali ............. 

........ Cartagena 
Medellin ......... 

El Salvador 
San Salvador ...... 
Rural municipios ... 

Jamaica 
Metropolitan Kings- 

............ ton 
St. Andrew (rural) . 

Mexico 
Monterrey ....... 

United States of Amer- 
ica 
San Francisco ..... 
California (suburb- 

an) ............. 



Figure XI11.2. Mortality rate of children under 5 years of age, 25 areas in 15 projects 
Deaths per 1 000 population 
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serious in infancy. M,ortality from diarrhoea1 disease suburban departments of San Juan Province and 49.4 
and nutritional deficiency was greater in infancy. in Viacha. The first four weeks of life constitute a criti- 
Since for studies of mortality and for health pro- cal period for the child's growth and development. 
grammes, knowledge of the problems in infancy is The first day of life is the most hazardous period and 
especially important, data in this chapter are limited more than half of the neonatal deaths in the projects in 
principally to deaths under I year of age. the California and Sherbrooke projects occurred in the 

The infant mortality rates for 24 areas," ranked first 24 hours after birth. For obtaining comparable 
according to level, are given in table XIII.3 and shown information on deaths of all those born alive in accord- 
in figure XIII.3, with division into those under 1 day, ance with the WHO definition, this is the critical ped- 
1-27 days and 28 days-l 1 months. The variation in the- od. The death rates in the first day of life in the 24 
se infant mortality rates was great-from 17.2 per areas varied from 6.5 per 1,000 live births in the co- 
1,000 live births in the suburban counties of California munus of Chile t~ 14.1 in Viacha. AS was pointed out 
to over 100 in two rural areas, Viacha in Bolivia and earlier, the standard of 10 deaths in the first 24 hours of 
the rural municipios in El Salvador. life per 1,000 live births was used to assess the com- 

pleteness of data in each project. Because the attain- 
Much qf the 'ariation occurred in the post-neonatal ment of complete data on deaths in the neonatal period 

rates (28 months), which ranged from 4.5 Per is so essential for the attainment of comparable death 
1,000 live births in suburban counties of California to rates, as well as for the seriousness of 
83.9 in the rural municipios of El Salvador. This high health problems, the registration problems discovered 
post-neonatal mortality is due principally to infectious ,, presented in some detail. 
diseases and nutritional deficiency, and it indicates the 
importance of these serious problems. Mortality in the Completeness of registration 
neonatal period showed less variation, ranging from 
12.7 per 1,000 live births in suburban counties of Cal- Of the total of 35,095 deaths, 32,700 or 93.2 per cent 
ifornia to rates three and four times higher-44.6 in were believed to have been registered and thus 
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TABLE XIII.3. INFANT MORTALITY RATE BY AGE GROUP, 
24 ARE AS^ IN 15 PROJECTS 

(Per 1,000 live births) 

Age group 

Under 
Area Infant Neonaral 1 day 

Viacha .............. 123.5 49.4 14.1 
El Salvador (rural) ... 120.0 36.1 12.6 
San Juan (rural) ...... 94.5 39.6 10.1 

.............. Recife 91.2 35.3 11.7 . . 

San Juan (suburban) . . 87.9 44.6 13.8 
Chaco (rural) ........ 85.0 30.9 8.8 
San Salvador ........ 8 1.7 28.2 9.3 
Resistencia . . . . . . . . . .  76.2 33.4 11.9 
LaPaz .............. 73.0 28.5 8.3 
Franca .............. 71.5 36.9 13.4 
SaO Paulo ........... 65.1 33.7 10.7 
Monterrey .......... 60.7 26.0 10.6 

..... Chile (commas) 57.9 19.4 6.5 
Santiago ............ 54.9 27.2 10.0 
Cali ................ 54.6 25.4 10.4 
Ribeifio Pr6to (commu- 

nities) ............ 50.8 27.1 12.0 
San Juan (city) ....... 50.7 29.6 8.9 
Cartagena ........... 47.8 22.4 8.2 
Medellin ............ 47.6 19.7 7.0 
Ribeifio Preto (city) . . 43.0 24.0 10.2 
Kingston-St. Andrew . 38.8 24.2 7.9 
San Francisco ....... 18.5 13.0 7.2 
Sherbrooke ......... 18.3 13.5 8.6 
California (suburban) . 17.2 12.7 7.4 

aThe Kingston-St. Andrew project is treated as a whole because 
of small numbers. 

included in the official statistics, and 2,395 were not 
registered. In the projects in Latin America, the per- 
centages of deaths registered varied from 79.8 to 99.6, 
with five projects having less than 90 per cent regis- 
tered. Each principal collaborator found deaths that 
had not been registered. Several introduced intensive 
searches to find missing deaths. In the Sherbrooke 
project in Canada, 94.3 per cent of the deaths were 
registered; and for the California project, death certifi- 
cates were the only source of information used, as a 
search for unregistered deaths was not considered nec- 
essary. The report included all deaths that were 
known, both unregistered and registered. To illustrate 
the problem, table XIII.4 and figures XIII.4 and XIII.5 
show the deficiencies in registration in four age 
groups. 

In only three projects were many unregistered 
deaths found in age group 1-4, namely, 8.8 per cent in 
the Bolivia project, 6.0 per cent at Cartagena and 17.8 
per cent in the Jamaica project. The situation was 
more serious for infant mortality. In six projects, 10 
per cent or more of infant deaths were not registered. 
Within the neonatal period, deaths in the first day of 
life were the most seriously affected, with those unreg- 
istered reaching 10 per cent or more in 10 projects. In 
four of these projects, the percentages were very high: 
65.1 at Cartagena; 45.6 in the Chile project; 41.3 in the 
El Salvador project; and 39.1 in the Bolivia project. 

Figure XIII.3. Infant mortality rate, by age at death, 24 areasa in 15 projects 
Deaths p e ~  1 000 llve births 
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=The Kingston-St. Andrew project is treated as a whole because of small numbers. 
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Age group 

Under I year Under I day 1-27 days 1-4 year& 

Number Number Unregistered Number Unregistered unregistered Number 
Unregistered 

of o f  of of  
deaths Number Perccnrage deaths Number Percentage deaths Number Percentage deaths Number Percentage Project 

Total ........................... 27 602 2 107 7.6 4 543 977 21.5 8 131 690 8.5 7 493 288 3.9 

Argentina 
Chaco Province ................ 1 410 77 5.5 186 36 19.4 382 14 3.7 29 1 8 2.7 

San Juan Province ............. 1 900 2 19 11.5 258 8 1 31.4 648 88 13.6 256 3 1.2 
Bolivia vroiect ................... 2 790 367 13.2 3 17 124 39.1 774 106 13.7 1 486 131 8.8 - - 
Brazil 

Recife ........................ 2 773 78 2.8 357 14 3.9 7 16 18 2.5 862 23 2.7 

306 167 Ribeiriio Preto ................. 959 4 0.4 209 4 1.9 
L 1 333 524 S5o Paulo ..................... 3 788 26 0.7 625 26 4.2 
* Canada 

83 6 7.2 61 Sherbrooke ................... 3 10 21 6.8 146 13 8.9 
735 149 20.3 3 10 Chile project .................... 2 404 344 14.3 425 194 45.6 

Colombia 
44 3 16 16 5.1 474 .......................... Cali 1 153 60 5.2 220 20.0 

Cartagena ..................... 856 229 26.8 146 95 65.1 255 105 41.2 399 24 6.0 
Medellin ...................... 924 45 4.9 136 18 13.2 247 19 7.7 424 6 1.4 

El Salvador project ............... 2 742 290 10.6 305 126 41.3 612 111 18.1 1 078 36 3.3 
Jamaica 

Kingston-St. Andrew ........... 1 589 
~ e x i &  

Monterrey .................... 3 220 187 5.8 563 166 29.5 8 14 15 1.8 733 1 0.1 

united states 
243 114 California project .............. 784 3 27 



Figure XIII.4. Percentage of deaths of infants and of children aged 1-4 years without registration 
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Figure XIII.5. Percentage of neonatal deaths without registration, two age groups in 15 projects 
Percentage Percon- 
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A major problem of incomplete registration of 
deaths (and likewise of births) was thus uncovered by 

, the research programme, with unregistered deaths dis- 
covered in the Sherbrooke project in Canada and in all 
the projects in Latin America. At Santiago, Chile, it 
was foundt0 that 56 per cent of the babies born in six 
large maternity sections of hospitals who died in the 
neonatal period were not registered. As the families 
did not claim the bodies for burial, death certificates 
were not filed in the office of civil registry; and, like- 
wise, birth certificates were not filed. Although 53 per 
cent of these babies with age of death known died 
within 24 hours of delivery, 10.5 per cent lived at least 
a week. Changes in procedures are essential to ensure I that birth and death certificates shall be filed and also 
that the hospital statistics shall be accurate and com- 

I 1127 days 

plete. Since the family may not be told that a baby is 
born alive, the responsibility must be placed on the 
attendant in the hospital for birth and death certifi- 
cates. This example shows the need for an educational 
programme for the introduction of WHO definitions as 
well as the need for improving and modernizing regis- 
tration procedures. 

Soon after the completion of the Investigation, the 
group at Recife" initiated a study of all products of 
pregnancy in three maternity hospitals. In this experi- 
ence, the death rate in the first day of life was 14.3 per 
1,000 live births; and in Maternity No. 1, which had 
the best quality records, the rate was 19.1. These find- 
ings indicate that the death rate in the first day of life 
may be higher than recorded in the studies and as 
published for many areas of the world. Operational 



research must be stressed as an essential element for 
understanding the completeness and accuracy of the 
basic data in both developing and developed countries. 

Completeness of other information 

In considering the completeness of information for 
deaths in the Investigation, recording of the place of 
birth, hospitalization, birth weights and clinical data 
gives some leads as to quality. 

Of the 27,602 infant deaths, the place of birth was 
specified for 91.1 per cent. However, in four proj- 
ects-Bolivia, Recife, Cali and Medellin-the place 
was not known for more than 10 per cent, the lowest 
percentage being for the Bolivia project (29 per cent). 

Of the infant deaths with place of birth known, in all 
projects combined, 79 per cent of those who died had 
been born in hospitals and the rest at home. Of the 
total, 45 per cent were known to have been delivered 
by physicians in hospitals and 25 per cent by midwives 
in hospitals. The attendant was not specified in 9 per 
cent. In the Sherbrooke and California projects, nearly 
all the deceased infants with place of birth stated had 
been born in hospitals and nearly all had been attended 
by physicians. In the Bolivia project, only 44 per cent 
of infant deaths with place of birth specified at La Paz 
were of babies born in hospitals and only 15 per cent at 
Viacha. Of the other urban areas, Cali had the lowest 
percentage of hospital births of these deceased infants, 
52. Thus, there was marked variation in the availabil- 
ity of data from hospital records completed at the time 
of birth. 

One of the intriguing findings of the Investigation in 
regard to neonatal mortality was the unusually high 
proportion of deaths of infants of low birth weight. The 
percentages of those dying in the neonatal period with 
birth weights of 2,500 grams or less were surprisingly 
high, and the percentages in the higher weight groups 
of 2,501 or more were much lower than found in the 
birth-cohort study in the United States in 1950" and in 
the British perinatal mortality survey in 1958,13 
indicating very different distributions of births by birth 
weight. 

Because weight at birth is a key element in evaluat- 
ing the state of health of the new-born, efforts were 
made to obtain birth weights of all babies. In one area, 
this effort meant providing scales for the hospital. 
Weights were used only when recorded in hospitals 
and clinics. Table XIII.5 gives the number and per- 
centage of neonatal deaths with birth weights stated. 

Birth weights were stated for three fourths of the 
infants who died in the neonatal period (74.5 per cent). 
In only four of the projects were at least 90 per cent of 
the birth weights known; the percentages were low for 
Bolivia (41.7), Cali (5 1.9), Recife (53.5) and Chaco 
Province (58.6). 

Efforts were made to obtain a complete record of 
the past history and fatal illnesses of the child, results 
of laboratory and other examinations and autopsy 
findings, in order to determine the underlying and 

TABLE XIII.5. NUMBER AND PERCENTAGE OF NEONATAL DEATHS 

WITH BIRTH WEIGHTS STATED, 15 PROJECTS 
Weight stated 

Number 
Project of deaths Number Percentage 

Total 12 674 9 446 74.5 .................. 
Argentina 

Chaco Province . . . . . . .  568 333 58.6 
San Juan Province .... 906 819 90.4 

Bolivia ~roiect  .......... 1 091 455 41.7 " 

Brazil 
Recife ............... 1 073 574 53.5 
Ribeiriio PrPrCto ........ 5 15 414 80.4 
S&o Paulo ............ 1 958 1 678 85.7 

Canada 
Sherbrooke . . . . . . . . . .  229 222 96.9 

. . . . . . . . . . .  Chile ~roiect  1 160 1 089 93.9 
~olombia 

Cali ................. 536 278 51.9 
Cartagena ............ 401 290 72.3 
Medellin . . . . . . . . . . . . .  383 3 19 83.3 

El Salvador project ...... 917 643 70.1 
Jamaica 

Kingston-St. Andrew . . 990 842 85.1 
Mexico 

Monterrey . . . . . . . . . . .  1 377 925 67.2 
United States of America 

California project . . . . .  570 565 99.1 

associated causes of death,  that is, the multiple 
causes. The medical interviewers obtained informa- 
tion from hospitals, clinics, private physicians and 
autopsy records; if no medical attention had been pro- 
vided or if no satisfactory record was available, a visit 
was made to the family to try to obtain the pertinent 
data. Table XI11.6 gives the number and percentage of 
deaths of children under age 5, for which clinical infor- 
mation was available (with and without autopsy), 
those which could be investigated through medical 
interview of the family and those for which the only 
source available was a death certificate or an 
incomplete record of death (without official death cer- 
tificate). 

In four projects, informatidn from clinical records or 
autopsy reports was available for over 90 per cent; and 
in these projects, medical interviewers brought the 
percentages with acceptable data to at least 98 per 
cent. In several projects, the medical interviewers did 
an excellent job in finding families and obtaining data. 
For example, in the El Salvador project, clinical or 
autopsy information was obtained for only 52.9 per 
cent, but visits were made to the homes of an addi- 
tional 44.4 per cent by a very competent medical inter- 
viewer. There are other examples of fine work in 
obtaining data on the fatal illnesses. In the Bolivia 
project, where some of the deaths were known only by 
burial in the large cemetery, the problems of finding 
data were serious. In general, the quality of the infor- 
mation was good and valuable for the purposes of the 
Investigation. 

On the last page of the questionnaire, the medical 
interviewer prepared a summary of the illnesses lead- 
ing to death. The principal collaborator of each project 
reviewed the completed questionnaires and stated his 
opinion of the underlying and associated causes of 



TABLE XIII.6. SOURCES OF MEDICAL INFORMATION FOR ASSIGNMENT OF CAUSES OF DEATH 
OF CHILDREN UNDER 5 YEARS OF AGE, 15 PROJECTS 

Clinical information Medical Death certificate 

Number of 
or autopsy interview only or other record 

Proiecr deaths Number Percentaye Number Percentaae Number Percentape 

Total . . . . . . . . . . . . . . . .  35 095 25 989 74.1 6 711 19.1 2 395 6.8 
Argentina 

Chaco Province . . . . .  1 701 1 049 61.7 505 29.7 147 8.6 
San Juan Province . . 2 156 1 942 90.1 174 8.1 40 1.9 

Bolivia project . . . . . . . .  4 276 2 305 53.9 1 273 29.8 698 16.3 
Brazil 

Recife . . . . . . . . . . . . .  3 635 2 548 70.1 822 22.6 265 7.3 
RibeirBo Preto . . . . . .  1 126 1 056 93.8 6 1 5.4 9 0.8 
SBo Paulo . . . . . . . . . .  4 312 4 170 %.7 92 2.1 50 1.2 

Canada 
Sherbrooke . . . . . . . .  371 330 88.9 34 9.2 7 1.9 

Chile project ......... 2 714 2 340 86.2 245 9.0 129 4.8 
Colombia 

Cali . . . . . . . . . . . . . . .  1 627 1 087 66.8 345 21.2 195 12.0 
Cartagena . . . . . . . . . .  1 255 1 074 85.6 123 9.8 58 4.6 
Medellin ........... 1 348 870 64.5 298 22.1 180 13.4 

El Salvador project .... 3 820 2 019 52.9 1 6% 44.4 105 2.7 
Jamaica 

Kingston-St. Andrew 1903 1649 86.7 190 10.0 64 3.4 
Mexico 

Monterrey . . . . . . . . .  3 953 2 653 67.1 852 21.6 448 11.3 
United States of America 

California project ... 898 897 99.9 1 0.1 

death. Upon completion of the questionnaires they 
were forwarded to the Pan American Health Organiza- 
tion in Washington, D.C. 

In the central office, the data were coded and trans- 
ferred to punch cards. Dr. Carlos Serrano, who, with 
the present writer, was in charge of the Investigation, 
was responsible for the final classification of underly- 
ing and associated causes of death. Fortunately, he 
had the assistance of several members of the staffs of 
the projects. A new computer service was available 
which facilitated exploratory tabulations of the multi- 
ple causes and factors involved in these deaths. 

An outstanding feature of the Investigation was the 
utilization of multiple causes of death. The first Inter- 
American Investigation of Mortalityt4 (in adults) indi- 
cated the need for studying multiple causes and 
combinations of causes of death for discovering 
aetiologically significant associations. The results of 
the research showe'd that selection of one underlying 
cause governed by arbitrary rules meant that valuable 
information was discarded. Experimentation was 
required using modern computer techniques for study 
of the epidemiology of diseases not as isolated entities 
but as combinations of pathological states. Experi- 
mentation in the Inter-American Investigation of Mor- 
tality in Childhood resulted in the unique findings of 
the seriousness of immaturity and nutritional deficien- 
cy in the first year of life. The interrelationship of fac- 
tors affecting the mother and the infant constitutes an 
extremely important field for analysis of the multiple 
causes and conditions responsible for morbidity and 
mortality and of the chain of events leading to death. 

The assessment of multiple causes was based on all 
the clinical and pathological information collected for 
each death. The starting-point was selection of the 
underlying cause of death in accordance with the defi- 
nitions and rules for selection and modification set 
forth in the WHO International Classification of Dis- 
eases. l 5  After the underlying cause was established, 
other causes were classed as associated causes. The 
underlying and associated causes are given in detail in 
the principal report of the Investigation. l6 To illustrate 
the value of associated causes as well as underlying 
causes in planning and evaluating health programmes, 
the experience in three cities has been used (see figure 
XIII.6). The death rates from five broad groups of 
causes are shown. Infant mortality varied widely for 
the three cities, from 91.2 deaths per 1,000 live births 
at Recife to 54.9 at Santiago to 18.5 at San Francisco. 
The death rates from the groups of underlying causes 
are shown by the bars in the left-hand section and 
those from the associated causes in the right-hand 
section. 

At Recife, which had a very high infant mortality 
rate, over half of the infant deaths were due to infec- 
tious diseases as the underlying cause, the rate for this 
group being 46.4 per 1,000 live births. This rate was 
much higher than the rates from respiratory diseases, 
nutritional deficiency and immaturity, and over twice 
the mortality rate of 21.9 from certain perinatal causes 
(excluding immaturity). 

As can be seen from figure XIII.6, at San Francisco, 
very few infant deaths were due to infectious diseases 
and half of the deaths were due to perinatal causes. At 
Santiago, the mortality rates had a different pattern: 
the mortality rate from infectious diseases was less 
than one third the rate at Recife and 10 times the rate 
at San Francisco. 



Figure XIII.6. Broad groups of underlying and associated causes of infant mortality in three cities 
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The international rules for classification specify that 
immaturity is not to be assigned as an underlying cause 
if any other cause of perinatal mortality is reported. 
Thus, the death rates with immaturity as an underlying 
cause are very small. 

The patterns of associated causes of death are dis- 
tinctly different from those of the underlying causes 
and death rates varied markedly in these three cities. 
The data on immaturity and nutritional deficiency 
have been processed so as to provide only one assign- 
ment for each, that is, either immaturity (777) or nutri- 
tional deficiency (260-269) as  an underlying or  
associated cause. Thus, it was possible to obtain the 
number of infant deaths in which one of these causes 
of death was present. At Recife, the death rate from 
nutritional deficiency as an associated cause of 34.0 
per 1,000 live births was very high. At Santiago, how- 
ever, the rate of 11.4 was much lower and in fact was 
lower than the rates from respiratory diseases, imma- 
turity and other perinatal causes. At San Francisco, 
the death rate from nutritional deficiency as an associ- 
ated cause was exceedingly low (0.6) and the two prin- 
cipal associated causes were immaturity (9.9) and 
other perinatal causes (10.5). 

The Investigation disclosed that immaturity is a 
serious problem in many areas of Latin America. In its 
definition of maturity, WHO states: "For the purpose 
of this Classification an immature infant is a live born 
infant with a birthweight of 5 112 pounds (2,500 grams) 
or less, or specified as immature".17 This condition 

can be considered the most important factor in vul- 
nerability to disease and death in the neonatal period. 
Its involvement as an underlying or associated cause 
was limited principally to that period. 

The uncovering of this problem of immaturity was 
due in part to the discovery and inclusion of unreg- 
istered neonatal deaths. Neonatal mortality from 
immaturity according to official registration of the 
deaths is shown in figure XIII.7 for four cities in Latin 
America and for San Francisco for comparison. If the 
unregistered deaths had not been included for San- 
tiago, the death rate due to immaturity as an underly- 
ing or associated cause would have been 12.2 per 1,000 
live births, while with the addition of 303 unregistered 
deaths found through searches of hospital records, the 
rate was 19.7, nearly double the rate of 10.2 per 1,000 
live births for San Francisco. 

The death rates from immaturity as an underlying or 
associated cause of infant deaths for the 24 areas of the 
15 projects are shown by the black bars in figure 
XIII.8. They were surprisingly high in several areas, 
exceeding 20 per 1,000 live births in five. In all the 
projects in Latin America, the rates were in excess of 
11 per 1,000 live births, varying from 11.8 to 29.9. 
However, in the California and Sherbrooke projects, 
the rates were only 10.1 and 9.8. 

Infants with immaturity who survive the first month 
of life often develop a superimposed nutritional defi- 
ciency state. Likewise, nutritional deficiency develops 
in many infants weighing 2,501 grams or more as a 



F i r e  XIII.7. Neonatal mortality with immaturity as underlying or 
associated cause, according to registration in five cities 
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result of repeated attacks of diarrhoea1 disease or 
other morbid conditions, usually associated with inad- 
equate intake of proteins and calories. In the areas of 
Latin America, the infant deaths with nutritional defi- 
ciency as an underlying or associated cause, as shown 
by the shaded sections of the bars in figure XIII.8, var- 
ied from 5.9 per 1,000 live births at Kingston-St. 
Andrew to 35.5 at Recife and 36.7 in the rural munici- 
pios of El Salvador. 

When the deaths from immaturity and nutritional 
deficiency are combined, it is apparent that relatively 
high proportions of infant deaths have this important 
evidence of insufficient growth and development. In 
nine areas, in fact, the number of infant deaths caused 
by these conditions was at least 40 per 1,000 live 
births. These high rates clearly point to the need for 
preventive measures to combat these serious condi- 
tions. 

Figure XIII.8. Infant mortality rates with immaturity and nutritional deficiency 
as underlying or associated causes, 24 areas in 15 projects 
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Differences in the size of these problems in urban 
and rural areas were evident in two projects with rela- 
tively complete data, namely, San Juan Province and 
El Salvador. In San Juan, the rates of 53.8 and 53.5 for 
the two causes combined in the rural and suburban 
departments were 1.9 times the rate in the city of San 
Juan (28.0). In El Salvador, the rate for the rural 
municipios (52.6) was higher than that in the city of 
San Salvador, which was also high (41.6). These 
results suggest that many rural areas have more 
serious problems in these fields than do cities in the 
same countries. 

Nutritional deficiency was found to be a cause of 
excessive mortality in the post-neonatal period and in 
early childhood. In all the projects in Latin America, 
the death rates from nutritional deficiency were higher 
in the first year of life than subsequently. However, 
very high rates were noted in the second year of life in 
the rural areas of the Bolivia and El Salvador projects. 
Relatively high rates in the second year of life were 
also found in the cities of Recife, La Paz and San Sal- 
vador, in the three cities of Colombia and in rural 
Chaco Province, Argentina. 

For the 13 projects in Latin America combined, fig- 
ure XIII.9 shows the role of the various types of nutri- 
tional deficiency as underlying or associated causes of 
death by age (in months) of children under age 2. The 
rates for all types combined were highest at 2 and 3 
months of age; it then declined for the older age 
groups. Protein malnutrition was diagnosed for three 
infants aged 2 months; the rates steadily increased to 
the age range 12-16 months and decreased thereafter. 

Although mortality from protein malnutrition 
increased to the highest rates in the second year of life, 
the rates from nutritional marasmus reached a peak at 
2, 3 and 4 months of age and then gradually declined. 

Since for all forms of nutritional deficiency com- 
bined, the highest mortality was in infants 2 and 3 
months of age (263.4 and 235.0 per 100,000 live births, 
respectively), there is clear evidence of the develop- 
ment of severe forms early in life. This finding is 
important, for in the past emphasis has been placed on 
deficiencies in the second year of life. Because the 
incidence of protein and calorie malnutrition is high at 
an early age when rapid growth and development take 
place, irreparable damage may be found in the sur- 
vivors. These analyses using the multiple-cause 
approach should lay the foundation for new and effec- 
tive approaches to the study of measures for preven- 
tion of such deficiency. 

The relationship of nutritional deficiency as an asso- 
ciated cause of deaths due to infectious diseases as the 
underlying cause and to other causes for the 13 proj- 
ects in Latin America combined can be seen in figure 
XIII. 10. Nutritional deficiency was an associated 
cause of 60.9 per cent of the deaths from infectious dis- 
eases, as compared with only 32.7 per cent of deaths 
from other causes. These findings are in accordance 
with previous research, indicating the importance of 
the nutritional state of the host in the development of 
disease. 

Figure XIII.lO. Nutritional deficiency as an associated cause of 
death due to infectious diseases and other causes, children under 5 
years of age: 13 projects in Latin America combined 

Figure XIII.9. Mortality from nutritional deficiency, protein mal- 
nutrition and nutritional marasmus, by month of age in first two 
years of life, 13 projects in Latin America combined 
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What is now known about nutritional deficiency as 
well as about low birth weight and immaturity would 
seem to indicate that the deficient nutritional state of 
populations is perhaps the most important cause of 
excessive mortality in less developed regions. A 
vicious cycle is established whereby mothers who 
have been handicapped since early life by nutritional 
deficiency and other environmental factors give birth 
to low-weight babies. Many of these infants die from 
infectious diseases because of their increased vul- 
nerability, and those who survive continue being at 
greater risk of the hazards of the environment and of 
nutritional deficiency than those born with satisfactory 
weight. Measures to break this vicious cycle through 
adequate nutrition of future mothers and their off- 
spring are required to improve the survival chances of 
the children. 
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D. OTHER HIGHLIGHTS CONCERNING 
CAUSES OF DEATH 

It should be pointed out before presenting further 
results based on causes of death that the original infor- 
mation on cause was substantially revised by the 
Investigation methodology. Only 52.5 per cent of the 
underlying causes stated on death certificates were in 
general agreement with those assigned on the basis of 
additional clinical and pathological information from 
hospitals and autopsy records and during interviews 
conducted in the homes of deceased children. 

The role of infectious diseases as underlying causes 
of death of children under 5 years of age has been clar- 
ified, with diarrhoea1 disease being found as the prin- 
cipal cause and measles second in importance. The 
death rate from infectious diseases was shown to be 23 
per cent higher than indicated by the official death cer- 
tificates. Failure to include the infectious diseases on 
death certificates, even when the evidence of them is 
available on clinical records, has restricted knowledge 
of the importance of infectious diseases as health prob- 
lems in many areas. In the case of measles, for exam- 
ple, mortality in five projects was found to be more 
than double that recorded on death certificates. 

The pattern of mortality from measles was surpris- 
ing; the highest rate was for children aged 12-14 
months and there were many deaths in infancy. Of the 
35,095 deaths under 5 years of age, 2,107 or 6.0 per 
cent were due to measles as the underlying cause. If 
the neonatal period is excluded, the percentage comes 
to 9.4. In the second year of life, measles accounted 
for 19.9 per cent of the deaths from all causes, and in 
one project (Recife) for 29.7 per cent. Soon after the 
beginning of field-work, many deaths from measles 
were reported in two projects, Recife and Bolivia. 
Vaccine was obtained for a massive programme at 
Recife in the second year of the study and vaccination 
against measles was begun at La Paz. 

The relationships of abnormal conditions in the 
mother before and during childbirth, complications of 
pregnancy and childbirth and their effects on the child 
were measured for the first time through the multiple- 
cause approach. Maternal conditions and difficult 
labour as underlying causes were increased sixfold by 
the additional information collected; other complica- 
tions of pregnancy and childbirth were increased more 
than tenfold and conditions of placenta and cord over 
four times. 

In three projects, the Investigation discovered 
excessive frequencies of deaths from congenital anom- 
alies of the nervous system. In two projects in Latin 
America-El Salvador and Monterrey, Mexico- 
research into the causation of spina bifida is essential 
in order to determine if some type of nutritional defi- 
ciency or a toxic or environmental factor is involved. 
Since some deaths from spina bifida and other anoma- 
lies of the nervous system occur before birth and thus 
are foetal deaths, only a limited part of this problem 
may have been uncovered. Moreover, damage other 
than that causing death should be explored in the sur- 

viving children. At the Sherbrooke project in Canada, 
anencephalus was found to have an excessive frequen- 
cy, the causes for which should be sought. 

Marked variations in patterns of mortality were 
noted for certain other causes and groups of causes, 
such as diseases of the nervous and respiratory sys- 
tems, malignant neoplasms, external causes and the 
sudden-death syndrome. Mortality from malignant 
neoplasms in childhood was greater than that revealed 
by mortality statistics of the respective countries and 
thus the groundwork was laid for studies on causation 
of these conditions. 

E. LINKS BETWEEN REPRODUCTION FACTORS AND 
CHILD MORTALITY 

The findings on immaturity and nutritional deficien- 
cy in infancy and early life indicate the need to explore 
the factors in reproduction that are responsible for 
excessive mortality and to determine why these rates 
are so high. Age of the mother, birth order and birth 
weight are all probably determinants; therefore, the 
data available on these factors-although currently 
limited, especially with respect to birth weight-are 
discussed below. The interval since the previous birth, 
though probably also important, could not be studied 
given the data available from the Investigation. 

Maternal age 

The calculation of death rates by maternal age group 
is dependent upon obtaining the distribution of live 
births by age of the mother for the same areas, the 
denominator for infant mortality rates. Fortunately, 
this information was available for six of the projects in 
Latin America; even though the information on births 
may not be perfect, differentials in infant mortality by 
age of mother are unlikely to be substantially dis- 
torted. 

Neonatal and infant mortality rates are shown for 
the six projects, according to the mother's age group, 
in figure XIII. 11.  The rate for the El Salvador project, 
88.4 per 1,000 live births, was the highest, while that 
for Ribeir5io PrCto, 52.6, was the lowest. In these proj- 
ects, the death rates for infants of young mothers 
(under age 20) were very high: 133.5 per 1,000 live 
births in Chaco Province; 116.6 in El Salvador; and 
104.1 at S5io Paulo. The lowest death rates were for the 
children of mothers in age group 25-29; this age period 
therefore appears to be the most favourable in terms of 
child survival. The patterns of neonatal and infant 
mortality in the California and Sherbrooke projects 
were, in general, similar but at a much lower level. In 
California, the infant death rate for babies born to 
mothers under age 20 was 26.2 per 1,000 live births, 71 
per cent higher than the lowest rate of 15.3 for those 
born to mothers aged 25-29 years. 

Birth order 

Another factor that would be used in combination 
with maternal age is birth order. In the Investigation, 



Figure XIII.ll. Neonatal and infant mortality rates, by age group of mother, 
six projects in Latin America 
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birth order was based on the total number of children 
born alive or dead, the desirable definition for consid- 
ering the effect of the number of pregnancies on its 
outcome and the health of the child. Unfortunately, for 
tabulations in vital statistics systems, often only live 
births have been used in obtaining birth order. 

Neonatal and infant mortality rates were calculated 
by birth order for three projects in Latin America- 
Chile, Monterrey and El Salvador. In these projects, 
the rates were lowest for first births and increased to 
high rates for those of fifth or higher birth orders. 

For the El Salvador project, these rates were calcu- 
lated for the five maternal age groups. Even the infant 
mortality rate for the first births was high for mothers 
under 20 years of age (89.6 per 1,000 live births); and 
for third births of young mothers, it was in excess of 
300 per 1,000 live births. For the first-born, the rates 
were lowest for babies of mothers in age groups 25-29 
and 30-34. For all maternal age groups, the infant mor- 
tality rates were, in general, lower for first births and 
increased with increasing birth order to exceedingly 
high rates for higher birth orders. Other studies, such 
as that of a cohort of over 140,000 live births in New 
York City,19 have revealed similar patterns. 

had birth weights of 2,500 grams or less, which is high- 
er than the percentages for the United States or Euro- 
pean countries. 

Figure XIII. 12 shows death rates in the first day of 
life and in the first 28 days (neonatal period), by birth- 
weight group, for the Ribeirgo PrCto and California 
projects. For comparison, data for the live-birth 
cohort of the United States in 19602'are shown. For 
the weight group 2,501-3,000 grams, the death rates 
were at least twice the rates for the most favourable 
weight group, 3,501-4,000 grams. 

The frequencies of low and deficient birth weights 
vary with the age of the mother at the birth of the 
child. Mothers under age 20 have a higher frequency of 
babies with low birth weight than do mothers in the 
other four age groups, as shown in figure XIII.13. 

In the experience of a hospital at Mexico City," 53.1 
per cent of the babies of the young mothers had low 
and deficient birth weights. The percentages were 
lower in the Ribeirso PrCto project and were much 
lower in the birth cohort of the United States in 
and they declined by age group to a low of 24.5 for the 
group of mothers at least 35 years of age, in the experi- 
ence of the United States. 

Birth weights - 
F. COMMENTS FROM EXPERIENCE OF THE 

The high rates of deaths with immaturity as an PAN AMERICAN HEALTH ORGANIZATION underlying or associated cause raised questions con- 
cerning the distributions of live births by birth weight First, the experience of the geographical studies 
in these areas in Latin America. The first concrete evi- undertaken by the Pan American Health Organization 
dence of a slightly high frequency of births of low has been tremendously rewarding and yet revealing of 
weight came from the Ribeirgo PrCto project.20 In that how much remains to be learned. The multiple-cause 
project, it was found that 8.7 per cent of the live births approach led into the problems of immaturity and 



Figure XIII.12. Infant mortality rate in first day and in first 28 days of Ufe, by birth weight, California and Rlbeirh Wto projeew 
and in the birth cohort of the United States of America, 1960 / 
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nutritional deficiency and, likewise, into the problem 
of low and deficient birth weights and the multiple fac- 
tors to be studied in reproduction. 

Undoubtedly, the greatest challenge resulting from 
the findings discussed here and from subsequent stud- 
ies is for the introduction of programmes for the pre- 
vention of immaturity and nutritional deficiency. 
These two conditions are endangering the survival and 
hampering the growth and development of infants and 
children. The challenge is to develop the necessary 
research and preventive action to ensure-to the 
extent possible-the birth of healthy babies with 
optimal chances for survival. Following birth, the nec- 
essary nutrients must be supplied for prevention of 

nutritional deficiency and susceptibility to infectious 
diseases. The question needs to be answered as to how 
community-centred programmes can reduce the inci- 
dence of low birth weights. Since such preventive pro- 
grammes are needed in areas without hospitals, 
physicians and nurses-and the problems appear to be 
especially serious in rural areas-educational pro- 
grammes will be required. 

Secondly, official mortality statistics fail to show the 
magnitude of health problems in early life. Registra- 
tion of neonatal deaths was found to be so incomplete 
that it is certain that mortality in this period of life has 
not been sufficiently known, even in developed coun- 
tries. In a study" of vital signs present at birth in five 

Figure XIII.13. Percentage of live births with low and deficient birth weights, by five age groups of mothers, in a hospital at Mexico City 
and in the Ribeirao Prito project; and in the birth cohort of the United States of America, 1960 

1 Percentago Percentage --flWw 

1 Low weight, 2 500 grams or less 0 Deflclent weight, 2 501-3 000 grams 

Sources: For Mexico City, Carlos V.  Serrano and Ruth R. Puffer, "Utilization of hospital birth weights and mortality as indicators of 
health problems in infancy, Bulletin of the Pan American Health Association, vol. 8, No. 4 (1974), pp. 325-346; and for United States, Robert 
J. Armstrong, A Study of Infant Mortality from Linked Records by Birth Weight, Period of Gestation, and Other Variables, Vital and Health 
Statistics Series 20, No. 12 (Washington, D.C., Department of Health, Education and Welfare, National Center for Health Statistics, 1972). 
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hospitals in New York City, it was found that four of 
the 40 deaths in the first week of life had been regis- 

\<ered as foetal deaths. Also, underlying causes of 
death as certified fail to show the size and nature of 
many health problems. 

In regard to specific comments from the present 
experience for studies in other areas, the work dis- 
cussed here could be repeated in whole or in part in 
many areas of the world. The approach using death 
certificates for the basic data has the advantage of 
providing an assessment of the quality of the registra- 
tion system. For areas with incomplete registration of 
births and deaths, studies would include procedures 
for finding and registering each birth and death in 
accordance with accepted international definitions. 
One of the goals would be the establishment of a satis- 
factory system. The responsibility would need to be 
shared by the family, attendant, hospital and local 
authority. As discovered in the Investigation, for hos- 
pital deaths the family may not know whether a baby is 
born alive or dead and may not obtain the body for 
burial. It may be noted, however, that since the main 
objective of such a study is to examine mortality dif- 
ferentials rather than levels, some degree of under- 
coverage of deaths may not affect the results greatly as 
long as coverage does not vary greatly. 

The advisability of collecting clinical data for study 
of multiple causes would depend upon the availability 
of the necessary infrastructure. The pilot testing in the 
Investigation revealed such a deficiency in the quality 
of information in one rural area that it was discarded. 
Although the proportion of infant deaths with clinical 
data in the rural communities of one project was rela- 
tively low, the painstaking work of the local medical 
interviewer resulted in findings of value. For this pha- 
se of a similar investigation, pilot testing would deter- 
mine its feasibility. 

Studies such as that discussed here would benefit 
from an extended planning phase and pilot testing of 
questionnaires, definitions and procedures. Com- 
parison of the findings for areas with distinctly differ- 
ent environmental conditions-both rural and urban- 
at different stages of development has proved to be an 
excellent method for discovery of problems and clues 
for their solution and for further in-depth studies. It is 
recommended that several areas of a region be incor- 
porated into a co-ordinated project. Co-operation 
between the local principal collaborators of projects, 
through planning conferences and meetings, is bene- 
ficial for the conduct of the research. The feasibility 
would be tested in each area; and if changes were 
needed, they would be introduced before the study 
began. 

As concerns the cost of the Investigation, each prin- 
cipal collaborator developed a proposal and budget. 
The collaborator knew the local costs for medical 
interviewers, nurses or social workers, a secretary 
and, if needed, a chauffeur. Provision was also made 
in the budget for equipment and supplies. The budgets 

for 12 months of field-work during 1968169 varied from 
about $20,000 to $30,000. As the field-work included 
the collection of information on a sample of living chil- 
dren under age 5, the costs for the study limited to 
deaths would be somewhat lower. Although all coding 
and processing were performed at the central office at 
Washington, some decentralization would be advis- 
able for the benefit of local personnel and would lower 
the costs of analysis. 

Similar investigations of mortality in other regions 
of the world would make valuable contributions to the 
improvement of the quality of the basic data and to the 
understanding of health problems. In all projects, the 
problems of unregistered deaths will probably be dis- 
covered and, likewise, the incompleteness of certifica- 
tion of causes of death. Thus, such studies would 
clarify the levels of death rates, the underlying causes, 
the associated causes and many factors responsible for 
high death rates. 
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XIV. SMALL·AREA INTENSIVE STUDIES FOR UNDERSTANDING MORTALITY AND
MORBIDITY PROCESSES: TWO MODELS FROM BANGLADESH-THE MATLAB
PROJECT AND THE COMPANIGANJ HEALTH PROJECT*

Stan D' Souza*"

Vital registration systems are practieally non-exist
ent in a number of developing countries. Sorne
countries have only a sample registration system, such
as that in India. In Bangladesh, vital registration is
very poor, providing little information of value at the
national level. On the basis of the Second Population
Census,' conducted from 6 to 8 March 1981, the cur
rent population of Bangladesh has been estimated at
89,940,000. Although intercensal growth rates have
been calculated on the basis of census population
totals for 1961,1974 and 1981, such growth rates,
while useful, are not very effective in documenting the
changes in vital rates that occur during a particular
decade. Over the past decade, Bangladesh has experi
enced pronounced fluctuations in birth and death rates
due to war and famine. Intercensal growth rates and
vital estimates based on retrospective methods do not
in such circumstances provide an adequate demo
graphie picture for the country.

This chapter describes two small-area studies in
Bangladesh in which a detailed monitoring of changes
in birth and death rates has been possible because of
intensive data-collection methods. The two areas are
Matlab Thana (a thana is a minor administrative unit),
situated in Comilla District, and Companiganj Thana
in Noakhali District. There are 474 thanas in
Bangladesh, with an average population in 1981 of
190,000. The methodologies utilized in the two areas
are different and represent different procedures of data
collection intended to study mortality and disease
processes.

In 1963, the International Centre for Diarrhoeal Dis
ease Research, Bangladesh (formerly known as the
Cholera Research Laboratory), initiated the Demo
graphie Surveillance System in selected villages within
and adjacent to Matlab Thana. The System combines
periodic censuses of the study population with contin
uous registration of vital events-births, deaths and
migrations. In 1966, a census was conducted in the
Matlab Demographie Surveillance Area, covering a
population of 110,000 residing in 132 villages, con
stituting the old trial area. The area was doubled in

"The original version ofthis chapter appeared as document IESA/
P/AC.17/14.

....Scientific Programme Head, International Centre for Diar
rhoeal Disease Research, Dacca, Bangladesh.
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1968 with addition of another 101 adjacent villages,
forming the new trial area. At the most recent census
in 1974, the population of the entire Demographie Sur
veillance Area was 264,000,residing in 233 villages. In
October 1978, the study area was reduced to 159 vil
lages containing an estimated 1974 population of
160,000. Ali the villages retained are within Matlab
Thana.'

The population of the study area is 88 per cent Mus
lim and 12 per cent Hindu. The average household
consists of six persons. Households of patrilineally
related families are grouped in cIusters (baris) having a
common courtyard. Landholding is skewed, with 18
per cent of the households owning 47 per cent of the
land. About 40 per cent of the males and 16per cent of
the females over age 15 have completed four years of
schooling. About 70 per cent of the males and 6 per
cent of the females are classified as "economically
active". Over the past decade, the Matlab Demo
graphie Surveillance System has generated an enor
mous volume of unusually reliable data. Censuses of
the population are available for the old trial area in
1966 and 1970, for the new trial area in 1968 and for the
entire surveillance area in 1974. Vital events have been
registered since 1966 in the old trial area and since
1968 in the new trial area. In January 1975, the contin
uous registration of marital unions and dissolutions
was introduced. Depending upon the census, selected
socio-economic information is available for ail house
holds.

The long-range goal of the Matlab Demographie Sur
veillance System is to obtain reliable information on
demographie and other selected characteristics of the
Matlab study population and to monitor changes of
these characteristics over time. Research products
include, among others, studies on: cholera and other
infectious diseases; epidemiology; vaccine effective
ness and development; beliefs concerning food, feed
ing and health; social relationship and community
structure; biosocial determinants; and correlates of
fertility, mortality, migration and marriage, These
studies are made possible by the quality and breadth of
the data base.

The immediate objectives of the Matlab project are:
(a) To provide a small-area registration system suit

ed for assessment of the effectiveness, safety and ac
ceptability of maternal and child health and family



planning technologies (contraception, oral therapy,
nutrition and immunization) to be used within the con
text of national programmes in the region and in other
developing countries;

(b) To undertake research related to diarrhoeal dis
eases and on the measurement and determinants of
fertility and mortality within one specifie field site of
the region. This research should help facilitate the for
mulation of more effective programme strategies and
policy planning, both in Bangladesh and elsewhere;

(c) To develop a demographie field site that can be
used for training of programme planners, researchers
and implementors of national and "developing coun
try" programmes.

Companiganj Thana is located in Noakhali District,
100 miles south-east of Dacca on the coast of the Bay
of Bengal. As previously mentioned, 88 per cent of the
people are Muslims, who are known to be highly con
servative. Most women do not leave the household
during the day. When they do go out, a veil (burqa) is
commonly worn. The southern part of the thana is
"Char-Iand"-new land, formed by the deposit of silt
in the Bay of Bengal. This land is quite saline and can
sustain only one crop per year: the Aman rice crop.
There are not many large landholders; nevertheless,
large inequalities exist in the distribution of land and,
unfortunately, most of the outside income is earned by
members of the families that have the larger landhold
ings.

The Companiganj Health Project began as a joint
venture of the Government of Bangladesh and a volun
tary agency. It was designed to establish a model of
the National Integrated and Family Planning Pro
gramme of 1973 in a single thana. In this model, it was
proposed that various features of the government pro
gramme would be tested and evaluated, and that there
would be experimentation with certain modifications,
in particular, local recruitment of women to work in
their own unions (a subunit of a thana) and the devel
opment of a maternai and child care programme.

ln September 1974, a separate evaluation unit was
established, which carried out a 10 per cent enumera
tion survey and began monthly vital registration to
record aIl births, deaths and migrations in a 10 per cent
sample of houses. The objective was to observe
changes in vital rates that might oceur as a result of
project interventions and to provide basic information
on demographie and health variables in a defined pop
ulation.'

Intensive data collection for small areas has also
been undertaken in other developing countries to
investigate mortality and disease processes. The
Institute of Nutrition of Central America and Panama
(INCAP), located in Guatemala, a scientifie institution
affiliated with the Pan American Health Organization
(PAHO), provides an example.

The member countries of INCAP are Costa Rica, El
Salvador, Guatemala, Honduras, Nicaragua and Pan
ama. It serves as a specialized centre for the study of
the nutritional problems of the area, seeking solutions

147

to the se problems and collaborating, through technical
co-operation, with the member Governments to put
into effect the measures recommended. It also contrib
utes to the training of professionals in the field of nutri
tion and food sciences. A longitudinal study condueted
under the auspices of INCAP has provided data on
infant mortality for several years. Sorne of these data
have been eollected in rural communities in eastern
Guatemala.4

Another longitudinal epidemiological study area has
been established in the north-western part of the
Machakos district of Kenya, involving approximately
4,000 rural households-24,000 people-in an area of
87 square kilometres. The various objectives of Joint
Project Machakos were based on the collection of
comprehensive field data intended to assist in the for
mulation of poliey to improve the health of mothers
and children in rural areas.' Specifie objectives of the
Machakos project can be summarized as follows:

(a) To obtain accurate data on morbidity and mor
tality from a number of acute infectious diseases and
on the outcome of pregnancy, and to investigate nutri
tional factors and factors of the social, biological and
physical environment which may have a bearing on the
observed disease pattern;

(b) To develop a system of registration of births,
deaths and morbidity which is suited for use in a dis
trict in Kenya having limited resources.

The study was intensively carried out up to 1977; the
project is currently being phased down. At first under
the scientific supervision of scientists from the
Netherlands, the programme is now being transformed
into a collaborative project with the Government of
Kenya.

This chapter is restricted to a description of methods
and results from the two study areas in Bangladesh
referred to above. Although reference is made to other
"areas" in the discussion, no detailed description of
the organizational structure and data-collection meth
odologies is provided.

A. METHODS AND PROCEDURES

Mat/ab Project

The scientific support work of the International
Centre for Diarrhoeal Disease Research in Bangladesh
is undertaken by "branches", each branch having a
specifie technical role. The Demographie Surveillance
Systems has three branches-the Field Station in Mat
lab, and the Data Management Branch and the Com
puter Information Services Branch, both at Dacca.

The Demographie Surveillance Programme of the
Matlab Field Station, headed by a Field Research
Officer (Grade 1), is responsible for the field operation
and collection of the surveillance data. The Data Man
agement Branch is responsible for the editing, pro
cessing and initial tabulation of the demographie field
data. The newly created Computer Branch is responsi-



ble forthe computerization of data on the IBM System
34 at the International Centre.

An operational diagram of the programme activities
is presented below:

Field Station, Data Management Computer Branch,
Mat/ab Bran('h.Dacca Dacca

Field operations --+ Editing, coding --+ Data entry, prelim-
and data collee- inary tabulations
tion

!
Verification --+ Verification --+ Verification

~ ~ !
Preparation of ~ Final tabulations

annual reports

In progress: full computerization of the data-processing system and
creation of a computerized population register.

The current data-collection system under the Demo
graphie Surveillance Programme of the Matlab Field
Station is a three-tier system. Detection of vital events
is primarily the responsibility of 110 female village
workers. Eighty ofthese workers undertake the prima
ry detection of the vital events in half of the sur
veillance area as part of their work in providing
village-based maternai and child health and family
planning services. Each of the workers covers approx
imately 300 households and visits each family fort
nightly. In the remaining half of the Matlab study area,
30 female village workers-covering approximately
500 households each-undertake only demographie
surveillance work and visit each household weekly.
Ali these workers have at least a seventh-grade educa
tion. They inquire about births, deaths, migrations,
marriages and marri age dissolutions (divorces), and
record these events in register books. The work of the
female village workers is checked by 12-16 male field
assistants who, accompanied by the female workers,
visit each household monthly" to review the com
pleteness of the registration and to record the vital
events on standard registration forms. The area cov
ered by a field assistant is called a "field unit" and
contains about 16,000people (2,800 households). The
work of the field assistants is again checked by three
or four senior field assistants, who visit each house
hold at least three times each year. Ail of these work
ers are supervised by the Field Research Officer, who,
along with two Assistant Supervisors, randomly
checks on the quality and completeness of the field
work.

Companiganj Health Project

The Companiganj thana had a 1974 population of
113,730. The area covered by the thana was divided
into 28 small units called "sub-subsectors" with an
average population size of slightly over 4,000. The
Malaria Eradication Programme had established maps
for the area. These maps were used as the basis for
selecting the sample.? Monthly visits to the selected
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houses were to be scheduled for the next five years.
After adjustment for abandoned hou ses and publ~c

utilities 10 per cent of the houses were selected ln
each of the 28 sub-subsectors. A house number in each
of the areas was randomly selected and used as a start
ing-point from which 10 per cent of the ~ous~s were
chosen systematically. If a house number identified on
the map proved to be non-existent when visited, the
next higher number was taken. The overall accuracy
of the malaria maps was about 85 per cent, which was
adequate for the purpose for which they were being
used."

A baseline survey was undertaken during the period
from January to March 1975 in the sampled houses,
using a de jure method. Two teams, consisting of two
trained field investigators and a qualified supervisor,
were employed in each sub-subsector. A female field
worker assisted each team. Data were obtained from
the head of household or responsible members of the
household. Each family was assigned a family number
and each person was given an individual number.
After completion of the survey, supervisors made a 10
per cent check of the data collected.

As in other parts of the sub-continent, the assess
ment of age was difficult for those aged 5 and over. A
calendar of locally important historical events was
used to ascertain approximate age for persons over 5
years of age. A census volume was developed and a
copy was returned to the field for recording subse
quent vital events. A family card was given to each
family listing the persons in the family. Migrants were
defined as people who were either in or out of the area
for a six-month period.

In each sub-subsector, a woman was selected to
work part-time, to record vital events in the sample
households. The women were often iIIiterate and
needed help from neighbours and relatives to record
events. Male field investigators visited each household
independently once a month to record births, deaths
and migration. These records were checked against
those maintained by the women interviewers. Ali field
workers were supervised by two senior field investiga
tors, who visited each household four times a year to
check past events. In addition to vital events, data
were collected on pregnancy status and related ques
tions.

Two censuses of the sample population were carried
out, the first in the period January-March 1975 and the
second in the period January-February 1978. Family
landholding was determined by asking a family mem
ber the total amount of land owned as weIl as the
amount of cultivable land owned. Death rates in 1975
and 1976 were calculated for landholding groups
according to the amount of cultivable land owned at
the 1975 census. The 1978 census was used for the
1977 and 1978 death rates. The second cens us was
important because there was very high out-migration
among the poor (15 per cent net out-migration of the
landless in 1975 and 1976) and because there were
major shifts in land ownership (the proportion of the



population with a family holding over three acres of
land rose from 17 per cent to 21 per cent between 1975
and 1978).9

Causes of death were determined retrospectively by
family interviews, which were reviewed by a commit
tee of physicians. Immediate and underlying causes of
death were recorded. Where sorne doubts remained, a
physician was sent to interview the family. As field
investigators became more proficient, fewer visits by
physicians were necessary-the percentages of such
visits required for the years 1975, 1976, 1977 and 1978
were 78, 62, 37 and 25, respectively."

Figure XIV.1. Infant" mortality rate, mortality rate of children aged
1-4 years and crude death rate, Matlab, Bangladesh, 1966-1977
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Crude death rate
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TABLE XIV.1. ADJVSTED PERCENTAGE DISTRIBUTION OFDEATHS.
BY AGE AND CAUSE. MATLAB. BANGLADESH. 1975-1977

Neonatal mortality

1966 1968 1970 1972 1974 1976
Year

Source: Lincoln C. Chen, Mizanur Rahman and A. M. Sarder,
"Epidemiology and causes of death among children in a rural area of
Bangladesh", International Journal ofEpidemiology, vol. 9, No. 1
(March 1980), pp. 25-33.

aNeonatal and post-neonatal.

60

20

40

Infants Children
Cause ofdeath (0-11 months) (1-4 years} Ali ages

Diarrhoea ........... 16.0 45.0 33.7
Tetanus ............. 25.5 1.4 8.1
Respiratory o •••••••• 7.0 5.0 6.6
Fever ............... 5.0 8.4 7.6
Measles ............. 2.0 12.7 3.8
Other ............... 44.5 27.5 40.2

ALLCAUSES 100.0 100.0 100.0

tinue through childhood and adolescence. In Matlab,
mortality differentials are reversed during the post
neonatal period with female mortality exceeding that
of males by as much as 50 per cent. 12 Data for a
number of countries in Latin America indicate a sim
ilar pattern, although less extreme.

A study of food distribution within the family shows
that a sex bias exists with regard to the intake of calo
ries and protein. Table XIV.2 shows that at aIl age
groups males have a higher intake of both calories and
proteins. This feeding pattern might partially explain
the higher mortality rates among female children."

A socio-economic census was taken in the Matlab

Mat/ab project

The vital registration data for Matlab show that little
improvement in the level of mortality has taken place
over the past decade. In fact, there are sorne sug
gestions that the levels have risen since the early
1970s. In 1971, the country went through a period of
stress because of the war. Later, in 1974-1975, famine
conditions existed in several parts of the country. The
infant mortality rates shown in figure XIV.l reflect
these changes.

Table XIV.l shows that the greatest contribution to
the current overall mortality rate is from diarrhoeal
diseases, which account for as many as one third of all
deaths; and that another one quarter of all deaths
result from other infectious diseases for which medical
science has a decisive prevention. A heavy burden of
the deaths from the se diseases falls on children. About
30 per cent of all deaths occur during infancy and an
additional25 per cent occur at ages 1-4.11

The data from Matlab provide conclusive documen
tation of higher female than male mortality shortly
after birth and thereafter through childhood and child
bearing ages. Data from many countries suggest that
higher male mortality risks in the neonatal period con-

B. SOME RESULTS

The results given in this section were obtained from
the two areas under surveillance in Matlab and Com
paniganj, respectively. In Matlab, although the sur
veillance is directed primarily towards vital
registration, it is possible to use the data for studies of
particular aspects of mortality or morbidity because a
population base is available. In-depth epidemiological
studies related to diarrhoea and nutrition have also
been conducted in Matlab, in keeping with the objec
tives of the International Centre for Diarrhoeal Dis
ease Research.

In the case of Companiganj, in-depth studies have
not been undertaken since the main objective was the
monitoring of vital rates. However, in view of the fam
ine that took place in the years 1975-1976, a linkage of
death rates and economie conditions represented by
landholding provides extremely interesting results
from a poliey viewpoint. Sorne of these results are pre
sented in this section.
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TABLE XIV.2. INTAKE OFCALORIESAND PROTEIN.BY AGE AND SEX.
MATLAB. BANGLADESH.luNE.AuGUST 1978

Number of calori es Protein (groms)

Ag. Ratio Ra/io

group Mal. Female Mal. If.mal. Male Female Mal. If.male

0-4 .......... 809 694 1.16 23.0 20.2 1.14
5-14 ......... 1590 1430 1.11 50.9 41.6 1.22

14-44 ......... 2700 2099 1.29 73.6 58.8 1.25
45+ .......... 2630 1634 1.61 71.8 46.9 1.53

area in 1974.Table XIV.3 shows the mortality rates for
children in the period 1974-1977, by education of
household head compared with occupation of house
hold head, area of dwelling, number of cows owned
and use offixed latrine. 14Controlling for various socio
economie variables, this table allows an assessment of
the impact of education of household head on child
mortality, In a rural society that has been traditionally
rather conservative, education of household head
beyond primary level shows a marked effect on child
mortality, irrespective of whether the family is poor or
comparatively rich. Better socio-economic conditions,
as may be expected, have an additional favourable
effect, depressing child mortality further. This finding
is obviously important for policy orientation.

An oral-therapy field trial was conducted in the
Matlab area from January 1979to December 1980.Fig
ure XIV.2 shows diarrhoea incidence data for the peri
od from January 1979 to August 1980for two areas of
Matlab Thana, each with an approximate population of
40,000, in which different oral-therapy interventions
were arranged." Average incidence rates were around
one episode per 100person-weeks. Since an episode of
diarrhoea is recorded as reported by the persons or
local informants in the household, the results do not
represent a clinical appraisal of diarrhoea rates. The

reported rates are probably lower than would have
been appraised under an intense surveillance. How
ever, the maintenance of a longitudinal data set pro
vides at least a lower bound to the incidence of this
type of disease, a piece of information not available for
most developing countries.

Figure XIV.3 illustrates an outbreak of measles in
tenus of the number of cases occurring per month in
the Matlab area over the period from November 1979
to October 1980. From a fairly low 200 cases per
month in November, the outbreak reached a peak in
March with over 1,500 cases reported. There was a
rapid fall over the next two months but an interesting
feature is the presence of cases of measles in every
month of the year. 16 Measles is an important cause of
death in many developing countries, and programmes
of maternai and child health tend to include a measles
vaccine where feasible. An inhibiting factor is that an
expensive "cold chain" to maintain measles vaccine is
necessary.

Figure XIV.4 illustrates the effects of a tetanus
immunization intervention programme in the Matlab
area. Neonatal death rates between September 1978
and December 1979 were significantly lower for
infants born to mothers who had been immunized."

The data base provided by the Demographie Sur-

TABLE XIV.3. CHILD MORTALITY RATES.BY EDUCATION OFHOUSEHOLDHEAD AND OTHERHOUSEHOLD
CHARACTERISTICS. MATLAB. BANGLADESH. 1974-1977

Education ofhous.hold h.ad

1 11 III
Noschooling

Ta/al of except religious 1-6 70r more Ra/io
1. JI and III education (Mak/ab) years years I:lll

Occupation
Agricultural labourer .. 31.2 32.8 26.9 9.5 3.5
Owner-worker etc. .... 19.9 23.0 18.5 13.5 • 1.7
Land-owner .......... 13.5 20.4 8.9 10.4 2.0

Area of dwelling
(square feet)
Under 169 ............ 28.9 31.4 24.8 17.0 1.8
170-242 .............. 23.5 26.7 19.6 19.6 1.4
243+ ................ 16.2 18.3 16.2 11.5 1.6

Number of cows owned
None ................ 25.3 29.0 22.0 14.3 2.0
Oneortwo ........... 19.6 22.6 17.6 13.1 1.7
Three or more ........ 14.8 16.9 14.0 10.0 1.6

Use offixed latrine
Yes ................. 20.6 24.3 18.7 12.6 1.9
No .................. 26.0 28.7 19.6 16.0 1.8
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Flpre XIV.3. Number or measIes cases, by monlh, Mallab,
BuaI....., November 1979-Odober 1980
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Month

veillance System has been shown to be of great value
in the evaluation of health intervention programmes.
An extremely important component of the System
consists of accurate information on the whereabouts of
particular persons within a rural setting. This element
makes it possible to set up studies in which follow-up
methods are part of the investigation. In the case of the
cholera vaccine trial conducted in 1974, a serological
survey was conducted among volunteers of every thir
ty-third family that had participated in the field trial.
The total number of volunteers was 92,838. The
selected families were visited immediately prior to the
first injection and six weeks after the first and second
injections. In this way, levels of vibriocidal titre could
be detected and compared with cholera cases that
occurred and were seen in the hospital situation at the
Matlab treatment centre." The follow-up approach
was also used in a survey of sterilization acceptors in
the Matlab area. The survey collected information
using a two-part questionnaire. The first part of the
questionnaire was completed at an interview con
ducted at the clinic prior to sterilization and the second
part was completed at the client's home one month
after sterilization. In this way, information was
obtained conceming motives for the choice of ster
ilization as a contraceptive method as weil as making
possible studies of the side-effects and attitudes of the
client and her relatives after the operation."

Flpre XIV.4. NeoIIII'" dalla ralel by. al dalla lor Infants bom belweeo 1 September 1978 and
31 Deœmber 1979, lICCOl'dlDc 10 malem8lletlmus Immunlzallon stalus, Mallah, Bangladesh
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Companiganj Bea/th Project

Causes of death have been studied in greater detail
in the Companiganj Health Project than in the Matlab
area. Table XIV.4 shows deaths by sex and cause for
the years 1957-1978.20 The most frequent causes of
death were diarrhoea, malnutrition, pneumonia and
birth-associated causes (premature birth, birth injury,
neonatal asphyxia and neonatal tetanus).

The landholding variable proved to be very impor
tant in the understanding of mortality rates in the Corn
paniganj area. Households were grouped into four
classes: the landless; those holding from 0.01 to 1acre;
those with between 1 and 3 acres; and those with more
than 3 acres. The evaluation unit had been set up to
monitor changes in birth and death rates due to the
programme. In fact, the famine that was prevalent
throughout the country proved to be the most impor
tant variable in terms of change in vital rates. The
years 1975 and 1976 were crisis years, and 1977 and
1978 are considered to be "normal" years. Figure
XIV.5 shows that the crude death rates per 1,000pop
ulation were twice as high for the landless, over 30 per

1,000, as for those holding more than 3 acres of land;
they were 15 per 1,000 during the famine years
1975-1976. These differences were smoothed during
the normal years 1977-1978, being approximately 15
per 1,000 for aIl categories of landholding. In view of
the fact that emigration was taking place, it is possible
that those remaining among the landless were, in fact,
a selected group.

Figure XIV.6 shows that landholding is inversely
correlated, particularly for the famine years, with child
mortality rates. Infant rates, however, are highest for
the landless as expected, yet for sorne uninvestigated
reason, they are also high for those families holding
more than 3 acres ofland. One explanation of this pat
tern sometimes put forward is that these families own
large animals and tetanus deaths are related to the
presence of such animaIs.

If one relates causes of death to landholding, one
cao better understand the variations in death rates that
took place over the years 1975-1978. Diarrhoea and
malnutrition account for most of the observed varia
tion in mortality over those years and of differences

TABLE XIV.4. DEATHS DY SEX AND CAUSE, PERCENTAGE AND RATE PER 100,000,
COMPANIGANJ, BANGLADESH, CUMULATIVE FOR 1975-1978

Number ofdeaths

Causes ofdealh Male Pemale Talai Percesuage Rate per ]OO,()()()

Ali causes .
Diarrhoeal diseases .
Malnutrition .
Pneumonia .
Prematurity /birth injury /asphyxia

etc. . .
Senility .
Tetanus .
Cardio-vascular diseases .
Pulmonary tuberculosis .
Fever .
Measles .
Drowning ..
Heart diseases .
Chronic lung disease" .
Maternai death ..
Acute abdominal intestinal ob-

struction .
Cancer ..
Injury /accident .
Liver disease .
Anaemia ........•............
Skin infection/abscess .
Whooping cough .
Acute nephritis .
Burns .
Meningitis ..
Peptic ulcer .
Suicide/homicide .
Diphtheria ..
Chicken-pox .
Rheumatic fever .
Sore mouth .
Brain tumour .
Congenital deformity .
Others .
Unknown .

385
50
50
39

39
24
19
17
18
10
10
10
12
10
o

6
5
3
4
2
4
3
2
1
2
4
o
2
1
1
1
o
1

12
23

392
77
52
45

28
23
15
18
8

11
11
10
5
6

12

3
4
5
3
5
2
2
3
3
2
o
3
o
1
1
1
1
o
6

26

777
127
102
84

67
47
34
35
26
21
21
20
17
16
12

9
9
8
7
7
6
5
5
4
4
4
3
2
2
2
2
1
1

13
49

100
16.3
13.1
10.8

8.6
6.0
4.4
4.5
3.3
2.7
2.7
2.6
2.2
2.1
1.5

10.4

2.3
6.3

1 791.9
292.9
235.2
193.7

154.5
108.4
78.4
80.7
60.0
48.2
48.2

·46.1
39.2
36.9
27.7

186.3

41.5
113.0

NOTES: Denominator is 43,362.
Individual percentages and rates have not been calculated for frequencies under 10.

aNot including tuberculosis.
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Figure XIV.6. Infant and cbild mortality rates, by landbolding
status, Companiganj, Bangladesh, 1975-1976 and 1977·1978

demographie information is essential for the computa
tion of rates. Vital and other rates are essential for
field research, particularly for the assessment of the
impact of various programmatical or technological
interventions (e.g., vaccine, oral therapy, conracep
tives);

(b) The Matlab Surveillance System provides accu
rate sampling frames for sample surveys or in-depth
studies;

(c) Because the Demographie Surveillance System
has been operational since 1966, the age of most chil
dren under 14 years is known with accuracy in most of
the area. Precise age data strengthen selected research
on nutrition, population and infectious diseases;

(d) Because of the continuous relationship of the
International Centre for Diarrhoeal Disease Research
with the Matlab population, including the provision of
health and diarrhoeal disease prevention services,
sorne studies requiring client co-operation may be
more easily conducted in this area, as compared with
other areas;

(e) The longitudinal nature of the surveillance sys
tem facilitates prospective research designs, including
the documentation of time trends;

0-- _
--0-___ »> ....

---0-

1977-1978

Figure XIV.5. Crude death rates, by landholding status,
Companiganj, Bangladesh, 1975-1976and 1977-1978

0.0 0.01-1.0 1.01-3.0' 3.01+
Landholding (acres)

Source: C. McCord and others, Death Rate and the Priee of
Riee 1975-1978, Evaluation report, No. 04 (Dacca, Christian Com
mission for Development in Bangladesh, 1980).

between the various landholding groups (figure
XIV. 7). Families with over 3 acres of land had very
few deaths from those causes but they had a high death
rate from birth-associated conditions. Deaths from
diarrhoea were highest among the poorer groups. Bet
ter sanitation among more affluent families may have
played a role, although such differences as exist are
not great. The drop in deaths from diarrhoea among
the landless from the crisis years (1975-1976) to the
normal years 0977-1978) is remarkable. On this evi
dence, it is more likely that the difference in diarrhoea
death rates between richer and poorer groups is due to
better nutrition.

C. ADVANTAGES AND DISADVANTAGES OF THE
PROJECTS

The results presented show sorne of the potential of
the Demographie Surveillance System in the Matlab
area, and the Companiganj Health Project. The initial
part of this discussion focuses on the System.

The Demographie Surveillance System constitutes
one of the most valuable institutional resources of the
International Centre for Diarrhoeal Disease Research
in Bangladesh; it is vital for the conduct of certain
types of field research in diarrhoeal diseases, nutri
tion, population and health care.

Seven broad areas in which the System possesses
distinct comparative advantages have been identified:

(a) The Matlab Surveillance System is necessary for
health, nutrition and demographie research, which
requires an accurate account of the population. Such
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Figure XIV.7. Death rates, by landhoidiDg status and cause of death, Companiganj, Bangladesh, 1975-1976and 1977-1978
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TABLE XIV.5. COMPARISON OFCHARACTERISnCS OFTHE MATLAB
PROJECT AND THE COMPANIGANJ H EALTH PROJECT

bidity and for epidemiological studies beca~se they are
not linked with the System. The population register
would permit timely preparation of annual reports.

Table XIV.5 presents a comparison of sorne of the
main items distinguishing the Matlab and Cornpaniganj
health projects. One striking element is clearly the dif
ference in cost. The System has been budgeted to cost
about $300,000per annum, in comparison with $20,000
per annum for the Companiganj project. On a per cap
ita surveyed basis, however, the costs are not very dif
ferent.

Presence continu- Present for tirst few
ing years

Cf) The demographie data may reflect national
trends, if not nationallevels, and thus may be useful
for national planning purposes;

(g) The Demographie Surveillance Area may be
used as a field training area in epidemiological, popula
tion, nutrition and health care research.

Five limitations of the system are:
(a) The Demographie Surveillance System is an

expensive research instrument operated by an institu
tion that enjoys a high level of antonomy. Il does not
necessarily represent a replicable model for others
who may require surveillance systems for other pur
poses;

(h) The System provides reliable measurements of
outcome variables (such as births and deaths) but con
tains little information on antecedent biosocial causes
or processes responsible for the observed outcomes.
Except where study designs take this factor into
account, only inferences may be made about the deter
minants of the observed outcomes;

(c) The data collection of the surveillance systems is
hierarchical and depends upon close supervision.
There is insufficient community participation in the
data collection or in the use of the information gener
ated;

(d) Past intervention research, current health ser
vices and multiple concurrent research designs are
only several of the factors that may "contarninate" the
study design of any individual study in the Demo
graphie Surveillance Area, sometimes introducing an
unquantifiable bias into research results;

(e) Detection and correction of errors are slow and
annual reports are delayed. The most recent report is
for 1978. Forrnal quality control systems external to
the Demographie Surveillance System have yet to be
established.

Item Matlab project

1. Population... 160,000
2. Cost per

annum $300,000
3. Type........ Longitudinal
4. Sampk...... 100 per cent

5. Lowest level
data-collection
personnel ... Educated female

workers
6. Purpose ..... Research-oriented

with special ref
erence to diar
rhoeal diseases

7. Studies under-
taken Vital rates{several

in-depth studies
8. Time period 1966-present
9. Scope....... Related to national

and international
programmes

10. International
staff

Compantganl Rea/th
Project

114,000

$20,000
Longitudinal
10 per cent system

atic

Uneducated female
workers

Programme evalua
tion-oriented with
reference to inte
grated and family
planning pro
grammes

Vital rates{causes of
death

1975-1980
Related to national

programmes

D. DIRECTIONS OF FUTURE DEVELOPMENT

The recent acquisition of a computer should make
possible the transformation of the Demographie Sur
veillance System into a population registration system.
Plans are now under way at the International Centre
for Diarrhoeal Disease Research to effect this change.
Thus far, the System is being conducted in two inde
pendent operations: (a) the registration of births,
deaths, migration, marriages and divorces; and (h)
occasional censuses. The System can be transformed
into a full-scale register with population count outputs
and vital registration returns as a by-product of the
operation. There are important implications of this
change in terms of the operation and management of
the System. The register could also make use of the
possibility of automatic checks and quality control so
that some of the current defects in detecting errors and
making corrections would be alleviated. Currently, the
use of the Demographie Surveillance System is not
efficient enough due to the fact that important data
files are not easily accessible for the study on mor-

Efforts are being made to reduce the costs of the
Demographie Surveillance System. An integral part at
the moment is supervision of staff whieh is effected by
speedboats. The rising costs of petrol make intense
supervision a costly affair; 20 per cent of the budget
has been allocated to transport costs. Personnel costs
also are high, accounting for nearly half of the overall
budget. Cheaper surveillance systems are clearly nec
essary. The question remains whether the type of
intensive field check-ups, both in the terms of vital
registration and ofin-depth studies, that can be done in
Matlab are feasible with less expensive surveillance
systems.

The Companiganj Health Project has been con
ducted on a sample basis. The evaluation unit costs
about $20,000 per annum. Sorne of the advantages of
the Matlab project are shared by the Companiganj
Health Project. However, intensive field case-control
studies have not been carried out in Companiganj,
since the orientation of the two projects is quite differ
ent. Of interest in the Companiganj project is the fact
that an evaluation unit can be attached to a health
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intervention programme without much additional
cost. 21 Ifone needed vital rates and changes only, eval
uation units of the Companiganj type would be suffi
cient. Similar inverse relations between mortality and
socio-economic status were recorded within Matlab
and Companiganj. However, ev en in Companiganj,
due to the size of the etTects of the famine, it has not
been possible to separate the etTects of the programme
from those due to the famine.

Limitations of the Matlab project would also apply
to the Companiganj HeaIth Project. For instance, if a
long-term use of the same sampled areas were
envisaged, a "contamination" etTect would set in. To
avoid this situation, sorne type of sample rotation
would be necessary. In fact, the Companiganj evalua
tion unit has been closed for want of funding. The
Companiganj project also suffered from inadequate
data-reporting: the first full-scale reports were issued
in 1980, covering the five-year period. This aspect of
data processing is one which is overlooked in many
projects in developing countries. The time-Iag between
data collection and publication of reports is often as
long as from three to five years. The value of the
results is thus diminished.

Data processing has also constituted a major bottle
neck in the Machakos experience and in other longitu
dinal studies." In Matlab, most of the data processing
at the early stages was done at Johns Hopkins Univer
sity in the United States of America. One of the major
goals of an agreement recently drawn up between that
university and the International Centre for Diarrhoeal
Disease Research, Bangladesh, was to transfer the
data files to Dacca.

As in the case of the International Centre, the
Machakos study area in Kenya was set up under the
auspices of expatriate scientists, mainly from a single
country. In view of the changing availability of funds,
increasing national aspirations and awareness ofthe
importance of the data resource, there has been a
transformation of both projects. In Matlab, the former
Cholera Research Laboratory, set up largely as a
result of scientific initiative in the United States, has
been developed into an international centre, whereas
the Machakos programme is now being conducted by
the Government of Kenya.

At the inception of the Matlab project, heaIth inter
vention was limited to the needs of research projects
focusing primarily on vaccine trials. Currently, the
limited health interventions in the maternaI and child
health and family planning areas constitute a serious
attempt to combine service and research goals. Nutri
tion studies have been made but major nutritional
interventions, apart from education, have not been
carried out. Education, especially of the mother, is an
important indicator of mortality ditTerentials. During
the difficult years of 1974-1977, children under age 3
who had mothers with no education sutTered mortality
rates five times higher than children of mothers with
seven years or more of education. Health care delivery
systems have to take into account the social stratifica-

157

tion of the community. The national health policy will
have to focus on selected health care items that reach
the economicaIly disadvantaged segments of the popu
lation with the highest mortality rates.

The International Centre is studying the possibility
of setting up surveillance systems that are based on
repeated cross sectional surveys. Studies of this type
have been undertaken in various countries. Elements
of the Matlab health intervention programmes that can
be replicated within a framework of normal govern
ment inputs and evaluated through a low-cost mecha
nism are being investigated.

A growing need is being felt for field studies to
include information on development as weil as heaIth
services, in order to evaluate the relative cost efficien
cy of different strategies for reducing mortality. 23 At
the International Centre, studies are being undertaken
relevant to this issue. The fall in neonatal mortality
rates due to tetanus immunization of pregnant mothers
would indicate that particular preventive measures are
in fact more efficacious, in the short term, in lowering
infant mortality rates than alternative policies oriented
towards more general development. The relationship
between nutrition, morbidity and mortality is currently
being studied; the morbidity indicators that would
enable health planners to determine particular sectors
of the population at high risk of mortality may be iso
lated. Intervention programmes could then be better
focused if a set of simple input points could be identi
fied.

A review of table XIV.l shows that over 40 per cent
of the causes for death for aIl ages are classified under
"other". Deaths are classified by cause on the basis of
reports by field-workers, who have no formaI medical
training and hence are not qualified to provide a pre
cise diagnosis as to the cause of death. Plans are being
made at the International Centre to train workers to
identify with greater precision the "causes of death".
Lay reporting is now considered an extremely impor
tant part of the statistical information system for
heaIth care in developing countries." This information
is useful both for early warning of the emergence of
epidemies and for planning and evaluation of health
care delivery, especiàlly in rural areas. The minimal
mortality and morbidity lists suggested by the World
HeaIth Organization will be tested in the Matlab situa
tion.

The Demographie Surveillance System has been uti
lized as an overall vital registration system for the
study area in Matlab. Intervention and "control"
areas have been set up without close study of indi
vidual village characteristics. With the arrivai of the
computer, it is now possible to investigate in detail the
"structure" of the various elements forming the study
population. Data can be tabulated by village, bar; and
family. Health monitoring at the village level through
female village workers will be more effective when
sufficient account is taken of other factors, such as
community organization, participation of the commu
nit y in the health field, type of health services pro-



vided, and water-supply ...Structural variables" will
be included in a social and economie status (SES) cen
sus to be undertaken in 1981. Family information stud
ies are under way in five villages. It is believed that the
combined effect of efficient data processing and such
studies will improve the overall capacity of the Demo
graphie Surveillance System to provide the data base
necessary for understanding of the processes of mor
tality and morbidity.

CONCLUSION

The small-area studies conducted in two areas of
Bangladesh have provided immensely valuable data
about a wide range of health and population issues.
The careful supervision made possible by the small
area nature of the surveys is largely responsible for the
high quality of the basic data (although considerable
credit must go also to the responsible organizations
and personnel) and thus for the usefulness of the stud
ies. However, the small-area nature of the studies
makes them of limited use for monitoring national
trends, and they cannot be regarded as full substitutes
for national registration systems or surveys. Il is to be
hoped that the research results of these studies can be
utilized by other countries with similar problems, sin
ce the overall retum of such studies is unlikely to be
directly proportional to their number. For many types
of medical research, however, such studies are the
only feasible approach.
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