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SAMPLING METHODS
IN MORBIDITY SURVEYS AND
PUBLIC HEALTH INVESTIGATIONS

Tenth Report
of the WHO Expert Committee on Health Statistics

The WHO Expert Committee on Health Statistics met in Geneva from
23 to 29 November 1965 to discuss the role of sampling methods in morbid-
ity surveys and public health investigations. Dr P. Dorolle, Deputy Director-
General, opened the meeting on behalf of the Director-General. Dr F. E.
Linder was elected Chairman and Dr M. Vacek, Vice-Chairman. Professor
P. Armitage was appointed Rapporteur.

1. INTRODUCTION

Much of the statistical information on which the administration of
health services depends is provided by large permanent systems of reporting
or registration, usually covering the whole population under study. Such
systems will always be necessary to some extent, but they are often expensive
to operate and not easy to modify or improve to meet changing needs for
information.

Furthermore, it is clear that the functioning, effectiveness and utilization
of the health services depend on a great number of complex interactions
between sociological, biological, administrative and other factors. To
study these factors, especially when resources are limited, requires a flexible
and economical tool that can be used as an adjunct to registration and the
other permanent statistical systems.

Sampling inquiries provide such a tool and should take their place as an
essential part of the health statistical services. Much progress has been
made in the practical and theoretical aspects of sampling techniques and,
especially since the introduction of electronic computers, in their applica-
tion to the solution of complicated statistical problems. Their main limita-
tion, the necessity to argue from a small fraction of the population to the
whole, is offset by their adaptability and speed of evaluation and, often, by
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4 HEALTH STATISTICS

the better quality of information that can be obtained, since the smaller
numbers allow the use of better-trained personnel, more accurate technical
methods and closer supervision. The estimates of population character-
istics derived from a properly chosen sample are adequate under most
circumstances. :

It should be emphasized that sampling inquiries are not only suited to
developed countries but are of equal or even greater value in developing
areas. In the latter, quite simple sampling investigations may often provide
information unobtainable in any other way. In the former, they may be
used to supplement the large masses of rather crude information accumu-
lated for other purposes, such as hospital records or death registrations,
or to extract from them an almost equally informative sample of more
manageable size.

2, THE PURPOSE AND USE OF SAMPLING TECHNIQUES IN
MORBIDITY SURVEYS AND PUBLIC HEALTH INVESTIGATIONS

2.1 Public health sitoations in which sémp]ing may be useful

In the subsequent discussion it will be convenient to refer to the whole
collection of units from which a sample may be drawn as a population.
This term will not necessarily mean a population of persons ; for example,
the units may be institutions, records or events. The sample is intended to
give results that are representative of the whole population ; one of the
main purposes of the theory of sampling methods is to ensure that this is so.

There are many instances in public health work of situations in which
results of acceptable accuracy may be obtained by sampling methods with
substantial savings in cost, time and labour, as compared with what would
be required in complete enumeration.

The reasons for choosing a sample survey in any particular situation
will usually be one or more of the following :

(a) A sample survey may be the only feasible method of collecting the
relevant data.

(b) The lower cost of a sample survey and the smaller demands on
personnel may be critical.
(c¢) The speed with which results become available may be important.

(d) It is often possible to collect more reliable observations when the
size of the study is limited.

It is not feasible to describe here all poss1ble apphcatlons of statistical
sampling in public health. Nevertheless, it may be useful to refer to some
of the principal types of 1nvest1gat10n in which sampling may play an
important role.
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2.1.1 Evaluation of the health status of a population

In many countries, complete information is available about basic
characteristics of the population, certain vital events, notifiable diseases
and other conditions of special public health interest. More generally,
however, information about morbidity, nutritional status, etc. must be
collected by special sample surveys. These surveys may cover a wide range
of health conditions or they may relate only to one disease or to a group
of related diseases. Information may be sought on physical or mental
impairments, on bodily measurements or on such physiological measure-
ments as blood pressure or tests of respiratory function.

In some developing countries, basic demographic information may not
be available. Sampling methods then provide an invaluable tool for the
collection of information about population structure and vital rates.

Extensive medical records exist in many countries, but the cost of a
complete central processing of all the records would be prohibitive. Sample
surveys of records are a valuable means of extracting essential information,
particularly as this restriction in the scale of the investigation permits a
critical study of the quality of the information contained in the records.
In some countries, medical and other records pertaining to a single indivi-
dual are the responsibility of several different administrative authorities,
and it may not be easy to assemble them. Although centralized record-
keeping is to be encouraged, recent developments in methods for linking
separately kept records are likely to be useful in such sample surveys.

2.1.2 Investigation of factors influencing health

In studying the etiology of disease, it is important to collect information
about the occurrence of disease in various sub-groups of the population.
For example, it is useful to know how the incidence or prevalence of a
particular disease varies with home environment, occupation, nutrition,
personal habits or genetic background of the patients. To obtain this
information would require the collection of socio-economic as well as
medical data. In etiological studies of this type, the emphasis often is
placed on the comparison of different sub-groups ; for example, a compari-
son of the incidence of malignant disease in individuals with different
personal habits. Socio-economic data may also be needed in studying the
effect of ill-health on living conditions.

2.1.3 Studies in the administration of health services

In planning the development of health services, it is essential to have
reliable information on such features as the need for particular services,
their availability, the extent to which they are utilized, the deficiencies from
which they suffer, their cost and their manpower requirements. Sample
surveys of administrative and medical records may be used to provide more
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detailed information about health services than would otherwise be avai-
lable, as, for example, in a study of the characteristics of prescriptions
issued by medical practitioners. Similarly, surveys of households can
provide useful information about the utilization of health services. Sampling
methods may be used also for field investigations in operational research ;
for example, in studying appointment systems for patients.

2.1.4 Evaluation of the effectiveness of health measures

The effect of changes in therapeutic or prophylactic measures should,
whenever possible, be studied by controlled experimentation in which the
individuals or other units to which the changes may be applied are allocated
at random to alternative treatments. However, this course of action is
sometimes impracticable. In this situation, the new measures may be
introduced, perhaps in a limited area, and surveys may be carried out to
measure characteristics of the population before and after the change,
similar observations being made in a control area in which the measures
have not been introduced. For example, the progress of a malaria eradica-
tion programme may be assessed by measuring the proportions of indi-
viduals carrying the malaria parasite before, during, and after the attack
phase of the campaign. Such measurements may be obtained conveniently
on samples of the whole population. Similarly, the effectiveness of a
programme of health education may be assessed from samples of the
population before and after the instruction.

2.1.5 Studies in environmental hygiene

Sampling plays an important part in the continuous surveillance of
standards of hygiene. Frequently, the population to be sampled consists
of specimens of food or water, the object of the investigation being to verify
that levels of contamination are sufficiently low. This use of sampling is
closely related to sampling inspection and quality control in industry and
gives rise to certain special considerations that are not discussed in detail
in the present report.

2.1.6 The rapid processing of data

When information is collected by complete enumeration, the tabulation
of all of the raw data may take a long time. It may then be useful to process
rapidly a small fraction of the total data so as to obtain useful results
quickly. This course is now adopted in many countries for advance tabula-
tions of national census data. :

2.1.7 Checking the quality of information

Sampling is also useful for checking the quality of data. For example,
a small proportion of death certificates may be scrutinized, in conjunction
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with clinical records and autopsy reports, to investigate the accuracy of the
statement of cause of death. In any sample survey, it will usually be profi-
table to scrutinize carefully a sub-sample of the results for possible errors
or deficiencies.

2.2 Situations in which sampling may be inadvisable

Although sampling occupies a central role in epidemiological and public
health investigations, there are certain situations where sampling is not
appropriate. Three such situations are as follows :

(a) The relevant information for every member of the population may
be required for non-statistical purposes. For example, medical records
must be maintained for each patient in a hospital ; records of all births,
deaths and marriages are normally required for legal purposes ; in tracing
the source of an epidemic or the residual foci of an endemic disease, details
of all known cases will be required. In certain situations where complete
information of this type is available, it may still be advantageous to carry
out certain inquiries by studying a sample of all available records. In other
situations, however, it may be better to take advantage of the fact that
complete data exist and to analyse the entire collection.

(b) Data may be required for certain sub-divisions of the whole popula-
tion containing few individuals. Sampling may then fail to provide suffi-
ciently precise information. For example, vital- and health-statistical data
for very small administrative areas cannot be adequately obtained by
sampling ; death rates for certain rare causes of death can be obtained
adequately only by complete enumeration.

(c) There are occasions when sampling in a community will create a
feeling of discrimination. In such situations, it may be better to include in
a survey all the inhabitants rather than only a sample of them.

The use of information relating to the whole population can be regarded
as sampling 100% of it, and many of the considerations mentioned in this
report in relation to sample surveys apply equally well to complete surveys
(see, for example, section 5 on non-sampling errors). There is, however, a
qualitative difference, in that a complete investigation avoids the need to
introduce a mechanism for the choice of the sample. If, therefore, consi-
derations of accuracy lead to a decision that a relatively large sample is
required (say, 75% of the population), it would probably be preferable to
perform a complete survey instead.

The investigator should bear in mind that sample surveys should always
be undertaken with a definite aim in view and with a careful assessment of
the benefits to be derived and the costs to be incurred. Such assessment
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may lead to the view that, in a particular situation, a sample survey would
be an unprofitable exercise, or that it should be carried out on a reduced
scale.

2.3 Some types of sample surveys

Sample surveys may be used to provide information on a wide range
of branches of morbidity and public health. Investigations in different
subject-matter fields will make use of different sources of information and
different forms of data. In any one subject-matter field, considerable
diversity of sources and forms of data may be available.

It would be impossible to make an exhaustive list of all the relevant ways
in which the sources and forms of data could be categorized, but it may
be useful to mention some of the more important features.

2.3.1 Source of data

(@) Data relating to individual persons. In some surveys, the health data
are supplied by the individual himself without direct contact with an inter-
viewer. Self-administered questionnaires of this type may be used in postal
inquiries ; they are also used in some countries when patients attend for
certain medical services, ‘and records so obtained may form the basis of
sample investigations.

In other surveys, interviews are conducted by tramed (but not necessarily
medlcally qualified) staff. Here, as in the use of self-administered question-
naires, the information is usually restricted to the reporting of symptoms
and the utilization of health services and may be limited in quality.

In some surveys, the data relating to the individual consist of observa-
tions or judgements made by another person. Such data may be derived
from medical examinations. either of a general character or for specific
conditions.

A large class of sample inquiries makes use of existing medical records.
These may relate to patients making use of particular medical services,
such as hospitals, health centres, general practice or occupational health
services or they may be comprehensive records kept for social security
or other purposes. '

(b) Data relating to institutions. In studies of the functioning and
administration of health services, it may be desirable to obtain information
about the characteristics of particular institutions as well as about individ-
vals receiving medical care. Such information may be available from
existing administrative records, or it may have to be obtained by direct
approach to the institutions.
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2.3.2 Coverage of data

(a) Geographical coverage. Some surveys may involve comparisons
between conditions in different countries; for example, international
collaborative investigations are an important source of epidemiological
information. In such surveys, the responsibility for collection of data in
particular countries will normally rest with national agencies, and greater
care is needed to ensure uniformity of definitions and procedures. Other
sample surveys may be national, regional or local in scale.

(b) Scope. A sample survey may refer to the whole of a population
in a chosen area or it may be confined to specific sub-populations as, for
example, people in different occupations or age groups or with specific
medical conditions. In a general survey of a human population, it may be
necessary to undertake a specially designed survey of certain sub-groups
such as nomads.

2.3.3 Temporal relationships

(a) Nature of observations. The health information (conditions of an
individual, characteristics of a medical institution, degree of contamination
of food, etc.) may relate to a particular instant of time. In morbidity
surveys, this would be true of studies to estimate the prevalence of some
conditions at a certain point in time. On the other hand, it may relate to
events taking place over a period of time. In a single survey of individuals,
inquiry may be made about retrospective health experience, or similar
information may be obtained from appropriate records. Surveys may
involve observations relating to various points in time ; information about
events occuring after the start of the survey may be obtained either from
records (as, for example, by examining death certificates) or by repeated
surveys. Such repeated surveys may be either on different individuals on
each occasion, or they may be longitudinal, involving repeated observa-
tions on the same individuals (see section 3.3).

(b) Repeated surveys. Certain surveys, particularly national health
surveys, may be organized on a continuing basis ; that is, surveys of essen-
tially the same type are carried out by the same organization at regular
intervals to provide a continuous picture of the health of the population.
The samples used in such surveys may be entirely or partially replaced on
successive occasions.

3. THE PLANNING OF SAMPLE SURVEYS IN PUBLIC HEALTH

Like any other large-scale scientific investigation, a major survey will
take time, cost money and pose administrative problems. Even a simple
study is wasteful if it fails to produce the desired information. It is therefore
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extremely important to devote careful thought to the planning of the whole
operation before any steps are taken to execute it. There should, at all
times, be close collaboration between the statistical advisers and the author-
ities concerned directly with the subject matter of the survey. This collab-
oration should start at the earliest stages of planning and continue until
the publication of the final report and the completion of the post-survey
evaluation.

It is not possible, in the present report, to describe all the relevant
considerations, but some of the more important points are noted.

3.1 Objectives, conditions and resources

The following should normally be included :

(a) Specification of the health problem for which the sample survey
is to be designed, and consideration of all available evidence on this
topic. ‘ .

(b) Specification of the target population. This is the population
about which information is required.

(c) The variables and characteristics to be investigated. Due considera-
tion should be given to alternative information that may be available and
to its reliability and cost.

(d) Methods of classification. For example, in a sample survey to
measure the prevalence of a certain condition, it may be desirable to tabulate
results in different age- or sex-groups or for populations of different regions,
or for combinations of such factors. It is often useful to prepare skel-
eton tables to specify precisely the results that are being sought.

s

(e) The degree of accuracy required. The term * accuracy > refers to
the discrepancy between the true value of some characteristic of the target
population and its estimate from the sample. It is affected both by the
sampling errors (that is, errors attributable to the choice of one possible
sample rather than another) and non-sampling errors (that is, errors that
would also be present in a complete investigation ; for example, observa-
tional and processing errors). These errors may be due to non-systematic
variations, to which the term precision refers, and may include systematic
biases as well (see sections 4.5 and 5).

(f) The cost that may be incurred and the labour resources needed.
Estimates must be made of the cost of all parts of the investigation. In
particular, provision must be made in the budget for the cost of statistical
tabulation and analysis and, if possible, for special studies referred to in
section 7. :
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(g) The provision of procedures for evaluation of technical aspects of
the inquiry that may be relevant to the planning of future work (see
section 6.2).

(h) A critical study of the uses likely to be made of the results.

3.2 Specification of the survey design and procedures

The following points should be considered :

(a) The types of data to be collected (see section 2.3) and the necessary
forms of documentation (record forms, questionnaires, etc.).

(b) The unit of inquiry (person, household, medical record, specimen
of milk, etc.). ‘

(¢) The sampling unit and frame. The sampling unit is the basic unit
to which a selective procedure may be applied. It may be, but is not
necessarily, the same as the unit of inquiry mentioned above ; for example,
the unit of inquiry might be the individual person, while the sampling unit
was the household. The sampling frame is the documentation that per-
mits the selection of sampling units. This may be a list of sampling units
(for example, an electoral list provides a useful sampling frame for adults
in some countries) or it may be a map from which sampling units can be
constructed.

(d) The sample design. This is a specification of the method by which
sampling units are chosen and is discussed in considerable detail in sec-
tion 4.

(e) The size of the sample. This question is discussed in section 4.5.

(f) The specification of supporting inquiries. These may be pilot
surveys, conducted before the main inquiry. Pilot surveys may provide
information useful in the choice of sample design for the main survey ;
more importantly, perhaps, they provide the opportunity for careful scrutiny
of the whole operating procedure. Other possible supporting inquiries are
follow-up studies after the main survey and special investigations to check
the quality and accuracy of the information collected.

(g) The timetable of the whole operation, including both the duration
of the study and the particular time of the year to which the information is
related (see section 3.3).

(h) The source and training of the personnel (see section 3.4).

() The methods of processing the data.

Many of the points raised in this section and section 3.1 above are
closely interrelated. For example, the choice of objectives of a study may
be modified by a knowledge of the availability of sampling frames. The
point to be emphasized is that time devoted to preliminary considerations
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of this sort is time well spent ; a sampling inquiry that has been inadequately
planned may be worse than no inquiry at all.

The rules of procedure decided upon initially should be incorporated
into a written document and made available to the personnel engaged in
the study.

3.3 Sampling in time

The prevalence of many diseases undergoes both seasonal and secular
changes, besides random variation in time. It is essential that these should
be taken into account in the design of morbidity surveys.

Most morbidity surveys have as their purpose the determination of
some kind of current rate, presumably with an implicit assumption that
this is to represent the position over a fairly long period. It follows that,
if seasonal changes are believed to be important, the sample must cover
the seasons systematically and in such a way that there is no confusion (or
interaction) between geographical changes observed as the team moves
about the country and true seasonal variation. Further, if changes from
year to year are important, the survey must either extend over a long period
or be repeated at intervals.

Another type of survey is designed to measure the effect on morbidity of
some kind of official action or campaign. Here again, care is needed to
eliminate seasonal effects. For example, if the survey is to be repeated at
annual intervals, then the field work must be performed at the same period
each year.

In studying changes in time, important gains in precision may be achieved
by longitudinal surveys in which each individual included is observed on
more than one occasion. It will often not be possible to ensure that every
individual is observed on every occasion ; even if this were possible, it
would not necessarily be desirable, because a sample that gives a satisfactory
representation of the population on one occasion will probably become less
- representative with the lapse of time. A useful device is that of partial
replacement, in which a fraction of the sample is replaced on each successive
occasion. The replacement may be arranged on a rotational basis, so that
individuals re-enter the sample after a certain period.

In a study of growth over an extensive age-range, say over the first
20 years of life, it is unnecessary to extend the actual survey over the same
number of years. In this example, it would be possible to observe a sample
of children of all ages at a few successive yearly intervals, keeping each
- child in the study for perhaps two or three years.

3.4 The choice of personnel

In planning a sample survey or a continuing programme of surveys,
consideration must be given to the selection of personnel. The type of
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qualification possessed by the personnel must depend on the objectives of
the surveys and special characteristics of the information sought. In most
countries, there is an acute scarcity of medically qualified personnel. Never-
theless, good use may often be made of investigators who are not medically
qualified. Considerable experience is available of the successful use of lay
investigators for the performance of technical measurements ; in tuberculosis
surveys, for example, such personnel have, after suitable training, been
usefully employed for the screening of X-ray films. Similarly, lay inter-
viewers are often used successfully to obtain data on morbidity and absen-
teeism from work.

Thorough training of the staff is essential, both in basic instruction in
the methods by which the observations are made and also in the refine-
ments of technique by which observer error can be reduced. There should
be some mechanism for keeping a constant control over the quality of
work done, with particular reference to its consistency and accuracy.

The personnel employed in the field operation of a sample survey should
be able to communicate easily with the individuals being interviewed or
otherwise observed. Similarly, in record-based surveys, the investigators
should be familiar with the content and potential deficiencies of the recorded
data.

3.5 The national organization of sample surveys in public health

In many countries there are permanent organizations for the design and
conduct of sample surveys in a variety of subjects. These organizations
contain experts in the theory and practice of sampling. Although such
organizations are usually mainly concerned with sampling for socio-
economic and/or agricultural purposes, the survey organization and the
expertise available could profitably be used for morbidity surveys or other
public health investigations involving the use of sampling techniques. The
possibility of using, for health surveys, frames constructed for other pur-
poses should be explored.

Sample surveys in public health range in scale from continuing national
surveys to smaller studies of special diseases, localities, sections of the
population or institutional health facilities. Large-scale sample surveys
require careful planning and administration, involve extensive resources and
call for considerable experience in their conduct. In a country with little
previous experience of health surveys, it would be desirable to start on a
modest scale. After the necessary experience has been gained, the scope
and scale of surveys can be expanded gradually and in keeping with the
needs of public health programmes. For measuring morbidity, small-scale
surveys are to be recommended for gaining knowledge of the types of
information that could be usefully obtained without the aid of large numbers
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of highly trained personnel or of elaborate laboratory or other expensive
diagnostic facilities.

It may be useful for some central national organization to assume
responsibility for the co-ordination of sample surveys in morbidity and
public health. This responsibility could include the dissemination of general
information about recent and current surveys, the co-ordination of informa-
tion derived from post-survey evaluations of the type described in section 6.2
and perhaps the training of personnel.

3.6 Multi-subject surveys

Many sample surveys in the health field have more than one purpose.
A distinction may be made between special health surveys, which deal
with one aspect of health (although a number of different variables may be
observed) and general health surveys, which cover a number of different
topics. Both types of health survey are of value.

A third type of survey, which may be termed the multi-subject survey,
may attempt to deal simultaneously with questions of health and with
matters in quite different fields, such as economics or education. Unfortu-
nately, the differing design-needs of the variety of subjects on which infor-
mation is collected in some multi-subject surveys sometimes make them
unsatisfactory. Nevertheless, they have undoubted advantages in economy
of effort, particularly in developing countries where travel is slow and
difficult and household-sampling frames may not exist ; furthermore, it may
be valuable to have information about the same individual in relation to
health as well as other factors such as socio-economic conditions.

These advantages should be balanced against the possible disadvan-
tages, such as the difficulty in training investigators, the length of ques-
tionnaire that may be required and the slowness of processing results. If
individual surveys are carried out for each subject, each survey can be
processed as it is completed. The administrative aspects also could cause
difficulties, since the subjects covered might be the responsibilities of a
number of different departments.

From an analytical viewpoint, the optimum size of the sample may be
difficult to determine, since different subjects require different numbers of
observations. In such circumstances, it might be useful to collect informa-
tion on certain subjects from a sub-group of the whole sample (see sec-
tion 4.5). '

3.7 Information about the planning of sample surveys in public health

The Committee was particularly anxious that problems encountered in
the planning of sample surveys in morbidity and public health, and the
solutions adopted to overcome such difficulties, should be made known as
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widely as possible to workers in these fields. The Committee therefore
recommends that WHO take steps to collect and disseminate such informa-
tion. This effort should cover both the general topics discussed above and
the more technical aspects of sample design discussed in section 4.

4. TECHNICAL ASPECTS OF SAMPLE DESIGN

4.1 The selection of a sample

The sample should be chosen in such a way as to permit satisfactory
estimation of the characteristics of the population and, at the same time,
determination of the precision of these estimates. This can be accomplished
by the proper use of probability sampling, in which each sampling unit has
a known probability of being selected. In simple random sampling, each
unit has the same probability of being selected, and every possible sample
of a certain size is equally likely to be selected. Other forms of probability
sampling include random sampling with different (but known) probabilities
of selection for different units and the methods of stratification and multi-
stage selection described below. All these methods use random selection,
which can be regarded as equivalent to the drawing of lots, although the
actual operation can be effected more easily by the use of random sampling
numbers. Random selection does not ensure that the characteristics of the
sample and the population coincide exactly ; it does ensure a known proba-
bility that their divergence lies within given limits.

An alternative form of probability sampling, which is usually acceptable,
is systematic sampling, in which the units selected in any one sample
occupy related positions in the sampling frame, and the first unit to be
selected from the frame is chosen-at random. For example, in a list of
households, individuals or areas, one might choose every hundredth entry
in the list, choosing the starting point at random. Sometimes the whole
sample may comprise a number of independent systematic samples. Except
in the last-mentioned method, it is usually difficult to know exactly how
precise a systematic sample is. It may be rather more precise than a simple
random sample of the same size, because if there is any regular trend in the
characteristics of the units as the frame is traversed, this variation is likely
to be more faithfully represented in a systematic than in a simple random
sample.

Another method occasionally used because of its administrative conveni-
ence is purposive selection, whereby the sample is chosen because it is
for some reason believed to be typical of the population. Certain charac-
teristics of the sample may deliberately be made to agree with the same
characteristics of the population, when these are known. For example, the
age and sex distribution of a sample of individuals may be made to agree
with those of the population, but, within these quotas, selection is left to
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the discretion of the investigator. The difficulty with this method is that
the sample and population may differ to a large extent in some charac-
teristic that has not been used in the matching. This method provides no
real guide to the likely effect of such discrepancies and is not to be recom-
mended.

4.2 Stratified sampling

In the selection of a simple random sample, no use is made of any prior
information about the distribution of certain relevant characteristics of the
sampling units, yet some such information is frequently available. One
important device which uses such information is known as stratification.
The population is divided into groups or strata according to one or more
characteristics, and each stratum is sampled independently with a known
sampling fraction (which may be constant or may vary from sample to
sample). Stratification may be used with one or more of the following
aims : () an increase in precision (over that of a simple random sample of
equivalent size) for the over-all estimates of the population value of the
characteristic under study ; () the spreading out of the sample over the
field of the survey ; and (c) the provision of reasonably accurate estimates
for various subsections of the sampling frame. )

Qualitative characteristics, such as geographical areas and occupational
groups, as well as numerical variables, such as income, can be used for
stratification, though the latter must be categorized before stratification can
be effected.

The objectives (b) and (c) can be achieved by the choice of appropriate
sampling fractions in different strata, with perhaps a relatively high sampling
fraction in any important sub-group of the population that is too small to be
represented adequately in a simple random sample. The increase in pre-
cision noted under (a) will be achieved in practice with almost any form
of stratification, but it will be most marked when the strata are rather
homogeneous with respect to the variable under study but vary considerably
between themselves.

The two principal difficulties of stratification are, first, that a stratifying
characteristic suitable for one aspect of multi-subject survey (see section 3.6)
may be almost totally irrelevant to another aspect of the same survey ; and
second, that if within-stratum variability is rather large in comparison to
between-strata variability, the gain in precision is small and may be out-
weighed by costs of carrying out and analysing a stratified sample.

4.3 Multi-stage sampling

In multi-stage sampling, the sampling frame is first divided into a set of
first-stage sampling units, and a sample of such units is selected. Next,
each first-stage unit selected is further sub-divided into second-stage sam-
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pling units, and so on. Thus, in multi-stage sampling, a complete frame
of first-stage units is required, but frames for second-stage sampling are
required only for the first-stage units that have been selected. Devices of
stratification or variable sampling fraction may be used at any stage, if
desired.

Multi-stage sampling has two principal advantages. One is that it
permits the available resources to be concentrated on a limited number of
sections (e.g., areas) of the frame. This results in a lower cost per unit of
inquiry, since some of the overheads of a survey are proportional to the
number of investigation centres that must be set up, rather than to the
number of units of inquiry obtained. The second is that multi-stage surveys
are more economical in situations in which a good sampling frame is
difficult to obtain, because the compilation of frames of second-stage units
is restricted to sampling units selected at the preceding stage.

On the other hand, multi-stage sampling has two primary disadvan-
tages. One of these is that the sampling error is usually increased, since the
variability between ultimate sampling units belonging to the same section
of the frame will generally be rather smaller than that between sections.
For a given sample size, it would be more informative, but also more costly,
to spread the total sample over a greater number of sections of the frame.
The second of these disadvantages is that some analytical difficulties may
be created by the fact that the sampling units will usually be of unequal size
at various stages with respect to the number included in the ultimate
sampling units.

In this connexion, a useful device in two-stage sampling is to choose a
first-stage unit that has a probability proportional to the number of second-
stage units that it contains, then to choose second-stage samples of constant
size. This procedure, which is called self-weighting and which leads to
simplification at the processing stage, ensures that each second-stage unit
has an equal chance of being included in the sample. Similar devices are
available for statistical designs with more than two stages.

Multi-stage sampling involves the use of samples that are, to some
extent, clustered rather than being spread more or less evenly over the
population. For this reason, sampling of this kind is sometimes referred
to as cluster sampling. The same term is sometimes used more specifically
to refer to any sample design in which the population is divided into groups,
a sample of groups is drawn either by single-stage or multi-stage sampling,
and the selected groups are investigated exhaustively (complete enumera-
tion). Cluster sampling in this sense has several advantages :

(@) It avoids the need for a definition of sampling units, the preparation
of a sampling frame and the selection of a sample, within clusters.

(b) The cost of field operations per unit of inquiry is reduced. Thus, it
may be almost as easy to obtain information for the whole cluster as for a
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sub-sample. For example, when the units at any one stage are families, it
would often not be worth while to carry out further sub-sampling within

the family.

(¢) It may be more acceptable to the population surveyed ; for exam-
ple, a cluster sample of villages avoids the embarrassment of interview-
ing some persons and not others.

(d) Tt may lead to more accurate observations; for example, in a
survey of mortality, the same death is sometimes reported by more than
one household in a village. This error can be eliminated more easily if the
whole village is covered.

The main disadvantage of this form of cluster sampling is the decrease in
the efficiency of the sampling that generally results from clustering. This
factor depends on the variability both between and within clusters, which
in turn may vary according to the cluster size. If variability and costs are
known, an optimum cluster size may be found that will achieve the highest
precision for a given cost.

4.4 Domains of study

Any subdivision of the sampling frame about which information is to be
reported may be termed a domain of study. In etiological investigations, it is
often desirable to compare the characteristics of individuals in different
domains of study. In a case-control study, for example, the aim may be to
compare the characteristics of individuals with and without a certain
medical condition in order to throw light on possible associated factors. If
the condition is rare, a much higher sampling fraction may be used for the
affected than for the non-affected individuals, and stratification may be
introduced by pairing an affected and a non-affected individual in a par-
ticular stratum (for example, a particular age group and a particular sex
group). In other studies, a sample of the population may be sub-divided
according to one or more social or personal characteristics, and medical
information (for example ‘the incidence of deaths from certain causes)
collected over some ensumg period of time.

Special problems in the design and interpretation of etiological surveys
are discussed in a number of publications on epidemiology and will not be
considered in detail here. -

4.5 Determination of sample size

The accuracy with which any characteristic of the population can be
estimated from a sample survey will depend on the number of observations
in the sample, on the variability between different sampling units, and on
the magnitude of non-sampling errors of the type discussed in section 5.
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It is therefore impossible to determine the sample size required without
some knowledge of, or assumption about, those other factors.

If there are no non-sampling errors, and the variability is known or
can be estimated in advance, it will be possible to determine the sample
size required in order to reduce the sampling error (and hence increase the
precision) to any desired level. It may be important to specify precision,
not only for estimation of the whole population, but also for particular
domains of study.

An important point is that the variability and precision normally
determine the sample size as an absolute number, not as a fraction of the
population. Thus, a sample of size 100 from a population of 100 000 (i.e.,
a 0.1% sample) will provide very nearly the same information about preva-
lence, for example, as will a sample of the same size from a population of
1000 (i.e., a 109 sample). If no estimate of the variability is available, it
may be necessary to conduct a preliminary survey for this purpose. In
field surveys, an increase in sample size may, by adversely affecting the
quality of the recording, increase the variability between sampling units,
and thus yield less advantage than might be expected. It may be that the
stated precision could be achieved only with a survey of much too large size.
In this case, the investigator must either reconsider his specification of the
desired precision or consider other methods of approaching the question
that is to be investigated.

Systematic biases do not decrease with an increase in sample size, and
they therefore limit the accuracy achievable even with complete enumera-
tion. The importance of taking steps to remove systematic bias is discussed
further in section 5.

In multi-stage sampling, the main source of variability is that between
the first-stage units, and the most important decision to be taken about
sample size is the choice of the number of first-stage units. The number of
observations made within each first-stage unit is usually less important,
because it is often possible to increase or decrease this number with little
effect on the over-all precision and cost.

The accuracy required should depend on the purpose of the inquiry and
the decisions that flow from its results. For some purposes it is quite
unnecessary to have results of great accuracy.

In some situations, greater accuracy may be required for estimates of
some population characteristics than for those of certain others. In such
a situation, a useful device is the multi-phase survey, in which some informa-
tion is collected for all the units selected in the main sample. Further
information, for which a smaller sample size would suffice, may then be
collected on a sub-sample of the main sample. Various features of the
main sample may provide information on which stratification can be used
for the selection of the second-phase sample.
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5. NON-SAMPLING ERRORS

A considerable amount of statistical theory has been developed for the
estimation of the likely magnitude of the sampling error, which arises from
the fact that a sample is but a part of a population and not the whole of it.
A principal consideration in the choice of sample design is to ensure that,
for a given cost, the effect of sampling error is as small as possible, or that
a required precision is achieved at minimum cost.

At least equally important are non-sampling errors, a term that covers
all other ways in which discrepancies arise between the recorded charac-
teristics of the sample and the corresponding characteristics of the popula-
tion.

Non-sampling errors are not peculiar to sample surveys but occur also
with complete enumerations, where errors of this kind may be even more
serious. They are important in all forms of sample surveys and inquiries
in the public health field, whether these are based on interviews, medical
examinations or records. It is just as important to consider these errors
and attempt to reduce them to an acceptable level as it is to consider ways
of reducing sampling error.

Non-sampling errors can be either systematic or non-systematic. Sys-
tematic errors (often called biases) are those that affect the mean value of a
variable (or the frequency of an attribute) and do not tend to disappear
with an increasing sample size. .For example, systematic error might occur
in a country where the death rate is estimated by a field survey ; reluctance
on the part of the population to report deaths might lead to systematic
under-reporting.

Non-systematic errors are frequently associated with technical measure-
ments—for example, in the determination of blood pressure by the usual
sphygmomanometer, or the reading of induration sizes in tuberculin
surveys. Non-systematic errors can be regarded as contributing to the
basic variability of the observations made on different sampling units, and
to this extent they merely inflate the sampling error and diminish as the
sample size increases. Measurements of this type may also, however, suffer
from systematic errors. _

Major non-sampling errors can be placed in three broad classifications
as shown below. '

(a) Coverage errors, which are caused by failure to sample adequately
the target population. This failure may arise through inadequacy of the
sampling frame, or it may be due to unsatisfactory coverage of the units
selected in the sample. Both imperfections may be caused by the omission
or duplication of units to be investigated or by the inclusion of units that
should not be investigated. The inability to make the required observations
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on all the sampling units, which in postal and interview surveys is termed
non-response, may be due to non-cooperation, or there may be some other
reason why the observation cannot be made (for example, an individual
may have died or have left the specified address).

(b) Observational errors, which may be caused by the fault of the
investigator (for example, by inaccurate recording), by imperfect measuring
instruments, by the person or object observed (for example, an error of
memory in an interview survey or an incorrect statement in a record), or
by the interaction of two or more of these factors.

(¢) Processing errors that may arise after the data have been collected.
They may be theoretical errors in the method of statistical analysis, clerical
errors in the copying of material or computational errors in the data pro-
cessing.

The control of coverage errors is largely a matter of organization. It
may be difficult to eliminate completely defects of the frame, but it may be
possible to reduce them to negligible proportions. Non-response will
usually be more troublesome. In sampling a human population, it may be
useful to acquaint the population with the objectives of the survey, to seek
the assistance of influential individuals, to provide guarantees of the confi-
dentiality of information and, in some cases, to provide incentives such as
free medical treatment. Even when such steps are taken, there will inevitably
remain a group of non-respondents. Some additional measures that may
then be taken are described below.

(a) Intensive effort may be made to obtain responses from the whole
of this group by further approaches of various kinds.

(b) Such effort may be confined to a sub-sample of the non-respondents,
the information collected from the sub-sample then being applied to the
non-response group as a whole.

(¢) If some information is available about characteristics of the non-
respondents (for example, basic demographic features), adjustment may be
made for these features in the analysis.

(d) Individuals of similar characteristics may be substituted for the non-
respondents. This method is similar to the previous one and should be
regarded mainly as a device to facilitate data processing.

It should be emphasized that methods (c) and (d) are never completely
satisfactory, since the failure of an individual to provide an observation is
likely to be related to the magnitude of that observation or to the presence
or absence of an attribute, even when the associated information mentioned
in (¢) is known. These methods are likely to be useful only when the non-
response rate is very low.

Losses are particularly liable to occur in longitudinal studies. Even
though most of the intended observations are made at each point in time,
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it may be that few individuals provide a complete set of observations
throughout the entire period of the survey. Furthermore, it is likely that the
original sample will become progressively depleted with the passage of
time. Under certain assumptions, special analytical methods are available
for the estimation of trends in these situations, but there will be a serious
selective effect if the persons who leave the survey are atypical of the popu-
lation in respect of some relevant characteristic.

The report of a survey should give a complete description of whatever
is known about the character of the non-respondents, such as age and sex
distributions, likely reasons for the non-response, and the method of
treating the non-response group in the analysis.

Several attempts have been made in recent investigations to evaluate
the magnitude of observational errors. In surveys of the interview or postal
inquiry type, the replies obtained from a sub-sample may be verified by
reference to physicians, hospitals or insurance companies. In record-based
surveys, the quality of diagnosis in medical records may be poor and other
information may be defective. Here again, a check may be made on a sub-
sample of records.

Most sample inquiries make use of more than one investigator (for
example, many interviewers participate in an interview survey). Systematic
differences between investigators in the general level of observations may
be an important source of non-sampling error. This difficulty will not
usually be eliminated, but it may be reduced by increasing the number of
observers. Investigator variation should be reduced as much as possible by
preliminary training (see section 3.4), but the remaining variation should
be measured. A useful device is the use of interpenetrating samples, a
technique whereby independent sub-samples are allotted to different inves-
tigators. In some surveys, it may be possible for certain observations to
be made in replicate by more than one observer.

An important source of non-sampling error in health surveys is that
attributable to subjective assessment of the severity of a disease. It may
be advantageous to supplement such assessments by recording the more
objective and reproducible observations (for example, presence of symp-
toms and signs) on which they are based.

Processing errors can be controlled mainly by suitable administrative
action. Adequate clerical personnel, provision of mechanical punching and
sorting devices, calculating machines and, in some cases, computers will
help to eliminate these errors. Their importance should not, however, be
overlooked, as expensive and time-consuming surveys have sometimes been
spoilt by inadequate provision for controlling these errors.

The Committee wishes to stress the importance of non-sampling errors
and urges that more empirical and theoretical studies should be devoted to
this topic. The Committee recommends that WHO should collect and
study all available information on the nature of non-sampling errors
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encountered in health and morbidity surveys and the ways in which they
can be reduced. This information, like that on problems of planning and
design referred to in section 3.7, should be made available to workers in
these fields.

6. THE ANALYSIS, EVALUATION AND REPORTING
OF RESULTS OF SAMPLE SURVEYS

6.1 Estimation

Estimation is the process of generalization from the sample to the
entire population. In its simplest form, when one is estimating a total such
as that of the number of individuals in a population who show certain symp-
toms, estimation may involve merely multiplying the survey results by the
ratio of the population size to the sample size. This procedure is known
as raising or inflating. Thus, if one unit in 100 was selected, the raising is
performed by multiplying the total in the sample by 100.

In practice, there are two ways by which this procedure may be made
more subtle and more efficient :

(a) The measure of “ size ” in terms of which the frame and the sample
are compared need not be the number of sampling units. For example, if
one area-unit in 100 is sampled, the number of people in the sample will
not be exactly 19 of the number in the population. The survey results
may be raised by the ratio of the population to the number in the sample,
rather than by the factor of 100. In general, the proper use of supplementary
information relating the sample to the population will improve the precision
of the estimate. Various methods, such as ratio estimation, regression
estimation, and difference estimation are described in textbooks on samp-
ling.

(b) The raising factor may be different in different parts or strata of the
population. Even where a uniform sampling fraction is used in all strata,
the raising factor may take into account the actual achieved ratio of popula-
tion to sample in each stratum. This procedure may be regarded as stratifi-
cation after sampling or re-weighting the sample to match the population.
Adjustment of this type can often be done at little added cost, particularly
when a computer is used for the analysis (see section 7).

It sometimes happens that a sampling method is used that is intended
to achieve a certain sampling fraction but fails to do so because of defective
sampling-frame information. It is important to recognize this source of
error and to evaluate it ; if it is found to be substantial, the estimation
procedure must take account of the true sampling fraction rather than the
planned one.
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For example, in some surveys carried out in developing countries, a
first-stage area sample has been selected with probability proportional to
census population, and at the second stage a fixed number of households or
persons has been selected in each selected area unit. The assumption is that
this procedure will provide a self-weighting sample (with a constant raising
factor in all areas). In practice, this assumption is often vitiated by the
large discrepancy (lack of proportionality) between the census population
of each area and the number of households or persons found at the time
of the survey.

6.2 Post-survey evaluation

Progress in survey design may be greatly enhanced by means of post-
survey evaluation. This term is used here to denote a methodological
appraisal.of the survey design on the basis of data and experience collected
in the course of the survey itself. Such a critical appraisal may provide
valuable information that can be used in the planning and conduct of
future surveys, and it should be allowed for in the initial planning stages.

There are two important ways in which a post-survey evaluation may
provide information which will be useful in the planning of future surveys :

(a) In any sample design, it is possible to make efficient use of a
priori estimates of the variances, costs and resources involved, such informa-
tion being provided by evaluation of previous surveys. An example is the
use of * optimum allocation ™ in stratified sampling. In the absence of
a priori estimates of the variances and the costs of observing a unit in the
various strata, it may become necessary to allocate the sample in proportion
to the sizes of the strata. Such an allocation may be far from the optimum
if either the variances or the costs in the various strata differ greatly.

In such a case, even rough estimates may make it possible to achieve
considerable improvements in sampling efficiency. Analogous examples
may be given with reference to all other sampling design procedures. Men-
tion may be made of multi-stage procedures involving the use of clusters as
sampling units ; the availability of even very rough estimates of some
suitable measures of the homogeneity of the units forming a single cluster
will make possible more efficient designs than are otherwise feasible.

When these estimates of variances, costs and resources have been
obtained, it may be illuminating to consider the relative costs that would
have been incurred and resources that would have been utilized by different
sample designs that might have been used, and also the relative accuracy
of estimates of population characteristics made by various methods.

(b) The appraisal should cover other aspects of the survey as actually
carried out. A far as possible, the appraisal should aim to assign causes to
any deficiencies observed, so that they can be removed in the execution of
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subsequent surveys. This type of evaluation may be applied, for exam-
ple, to:
(i) The time-schedule of the survey; the appraisal should involve a
comparison of the original time-schedule and that actually realized,
together with an analysis of the reasons for any substantial discrepan-
cies.

(i) The non-response rate encountered in the survey; the appraisal
should involve the level of non-response in various segments of the
sample.

Post-survey evaluation can often be carried out at little extra cost and
will normally be a very profitable exercise. Specific allowances for this
evaluation should be made in the planning of the survey.

6.3 Preparation of the report of a sample survey

In addition to the description of the basic results of a sample survey, it
is important that the report should contain information about its purpose,
planning and organization.

Detailed recommendations on these aspects of a report on a sample
survey are contained in a recent document of the Statistical Office of the
United Nations. The 13 following recommendations are based largely upon
this publication.!

(@) Statement of purposes of the survey. A general indication should be
given of the purposes of the survey, the accuracy required and the ways in
which it is expected that the results will be used.

(b) Description of the intended coverage. An exact description should
be given of the target population.

(¢) Collection of information. The nature of the information collected
should be reported in considerable detail, including a statement of items of
information collected but not reported upon. The inclusion of copies of the
questionnaire or other schedules, and relevant parts of the instructions used
in the survey (including special rules for coding and classifying) is often of
value. Methods of checking the accuracy of data at the point of collection
should be mentioned. It is of importance to describe the type and number
of investigators, for example, whether full-time or part-time, permanent or
temporary, with particulars of their training and qualifications.

(d) Specification of the frame. A detailed account of the specification
of the frame should be given. This account should define the geographic
areas and categories of material included and the date and source of the

1 United Nations (1964) Recommendations for the preparation of sample survey
reports (provisional issue), New York (Statistical Papers, Series C., No. 1, Rev. 2).
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frame. If the frame has been amended or constructed ab initio, the method
of amendment or construction should be described. Particulars should be
given of any known or suspected deficiencies.

(e) Design of the survey. The sampling design should be carefully
specified, including details such as types of sampling unit, sampling frac-
tions, particulars of stratification and use of multiple stages. The procedure
used in selecting sampling units should be described. If it is not random
selection, the reporter should indicate the evidence on which he relies for
adopting an alternative procedure.

(f) Repetition. It is important to state whether the survey is an isolated
one or is one of a series of similar surveys. Where the survey is repetitive
and some of the sampling units reappear in the successive stages, this should
be stated.

(g) Date and duration. There are two periods of time that are impor-
tant for any survey: first, the period to which data refer, or reference
period, and second, the period of collection ; that is, the period taken for
the field work. The duration of both of these periods should be stated.

(h) Numerical results. A general indication should be given of the
methods followed in the derivation of the numerical results. Particulars
should be given of methods of weighting and of any use made of supple-
mentary information. Any special methods of allowing for non-response
should be described.

@) Accuracy. A general indication of the accuracy attained should be
given, and a distinction should be made between sampling errors and non-
sampling errors.

(j) Cost and resources. An indication should be given of the number
of personnel of various categories employed in the survey and the total
time spent by each category. Where appropriate, the cost of the survey
should be given, under such headings as preliminary work, field investiga-
tions and analysis. Resources used in the conduct of the survey but not
included in the costs should be stated. An account should be given of the
organization of the personnel employed in collecting, processing and
tabulating the primary data, together with information regarding their
previous training and experience. Arrangements for training, inspection
and supervision of the staff should be explained. A brief mention of any
equipment used is frequently of value to readers of the report.

(k) Post-survey evaluation. The extent to which the purposes of the
survey were fulfilled should be assessed. In particular, any discrepancy
between the actual population sample and the target population should be
mentioned. Measures of cost and accuracy relevant to the planning of
future surveys should be given. '
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(I) Responsibility. The names of the organizations sponsoring and
conducting the survey should be stated.

(m) References. References should be given to any available reports or
papers relating to the survey.

7. THE APPLICATION OF AUTOMATIC DATA
PROCESSING SYSTEMS

The traditional method of processing large-scale sample-survey data is
to transfer the information to punched cards and to use conventional
sorting and tabulating equipment to obtain the required tabulations. In
recent years, there has been a rapidly increasing use of high-speed compu-
ters for the automatic processing of data. This development provides the
opportunity for cheaper, more rapid and more efficient analysis of data.
However, the availability of automatic data processing in no way removes
the need for careful planning of all stages of a survey, and in particular
does not diminish the importance of collecting accurate and relevant
observations.

7.1 General considerations

(a) The entire use of the computer should be planned as thoroughly as
possible in advance of the survey. Inadequate preparation for the use of a
computer is likely to be very costly.

(b) The potential economy in the use of a computer is likely to be
vitiated if complex programs must be written separately for the processing
of the results of each survey. For this reason, the use of general survey
programs is of great importance. The Committee recommends that WHO
should collect and disseminate information about such general programs
and about other programs of particular interest for survey analysis.

(c) Sample survey data must be carefully edited before statistical tabula-~
tion and analysis. The identification of observations that fail to satisfy
pre-determined requirements can be done efficiently by a computer, and
editing processes of this sort should be regarded as an essential part of the
use of automatic data processing for survey analysis.

(d) The output from the computer should be kept within reasonable
bounds ; otherwise much time may be wasted in the examination of un-
necessary tables.

(e) If a list of the population is stored in a computer, possibly together
with auxiliary information for stratification, the process of selecting a
sample may be done automatically by the computer.
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7.2 Data input

At the present time, the most usual forms of input are punched cards or
punched paper tape, which must be prepared from the original data sheets
by a separate operation. Errors are likely to occur during this transfer
stage and must be guarded against. In systems using paper tape, equipment
may be used that provides a rapidly printed record of the information as it
is put on to tape.

Increasing use is now being made of improved mark-sensing devices by
which information is marked in a special way on the record form and then
read directly into the computer. These methods have already proved
valuable in many types of medical survey but the care required for the
marking of the original record may make them unsuitable in some situa-
tions. Other methods of optical scanning, now in an experimental stage,
may be widely used in the future.

7.3 Data analysis

Reference has already been made to the important function of the
- computer in editing data. The use of a computer makes possible efficient
methods of statistical analysis (such as the estimation procedures referred
to in section 6.1) which might otherwise be regarded as too complex. It
also facilitates the analytical device of “ imputation , whereby values are
automatically inserted for missing or apparently faulty observations, these
values being estimated from associated data on the individual units of
inquiry. When imputation is carried out, the method used and the pro-
portion of data thus treated should be stated in the report. However, a
large amount of computer imputation is quite unacceptable in any statistical
investigations. Computers are very suitable for such operations as editing
and correction, but the Committee wishes to emphasize that adequate
original measurement is as important today as ever.

The use of a computer may permit types of statistical analysis that
throw valuable light on the inter-relations of variables. In analytical surveys
in which the effect of different factors on certain observed variables is of
interest, a complex analysis may be required to disentangle the effects of
several related factors. General computer programs are available for
analyses of this sort. Similarly, when many variables (for example, several
symptoms, signs and test results related to a particular disease) are observed
in a survey, methods of multivariate analysis may provide a useful way
of combining the information. Such methods of analysis are often prohib-
itively lengthy without the use of a computer.
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8. A MANUAL ON SAMPLING METHODS IN MORBIDITY
SURVEYS AND PUBLIC HEALTH INVESTIGATIONS

In view of the important role played by sampling in many types of
public health investigation and the shortage of experts in the theory and
practice of sampling, the Committee felt that health administrators, epi-
demiologists and other health workers should be provided with facilities
for obtaining a basic knowledge of sampling principles and methods and
some acquaintance with their potential applications in the medical field.
Although a number of excellent textbooks are available on both the theo-
retical and practical aspects -of sampling, few, if any, are directed especially
to the health worker. A manual dealing with the general principles of
sampling and describing in some detail the special problems and opportu-
nities in the medical field would be a useful guide for many workers in public
health, would assist the statistician or sampling expert with no previous
experience of medical applications, and would also prove valuable for
training courses.

The Committee felt that it would be appropriate for WHO to undertake
the task of producing such a manual. It had the opportunity to discuss a
preliminary draft produced for the secretariat by a consultant and made
various detailed suggestions for changes that might profitably be made in a
later draft.
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