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ABSTRACT
The statistical issues in conducting a National Household Survey
such as the Lesotho National Household Health and Nutrition
Survey (NH&NS) are considered from two aspects:

1) Issues related to data processing and the management of
complex survey designs such as the NH&NS and 2) issues related
to the weighting and znalysis of such data.

The problems with short-term consultants, the need for improved
management skills and quality control are addressed in this
thesis. To prevent common data errcrs found in a survey such as
the NH&NS and to speed up the release of results, recommendations
of improved data collection techniques are made. Since developing
countries often lack the capacity to conduct large national
surveys, the proposal of a well-conducted single round instead
of a multi-round survey is investigated. Calculating weighting
factors can be a complicated and time- consuming process for a
Bureau of Statistics in a developing country, which might prevent
the early release of the results. Thersefore it is shown how
appropriate weighting factors for a complex survey design are
generated. It is also necessary to consider the effect of
clustering and stratification, whether it is for presenting
results as confidence intervals or for fitting models to the
data. By applying the technique of portability tc surveys such
as the NH&NS, much time can be saved and the results released lar
earlier than when more convential analysis techniques are used.
Chi-square analyses of two-way tables, log-linear modelling and
logistic regression are the most common analytical techniques
applied to the data from such surveys. The adjustments to these
technigues to compensate for a complex survey design are
demonstrated. These technigques are applied to the child
nutrition, maternal care, disability and injury sections of the
NH&NS, with an emphasis on the c¢hild nutrition data. Various
programsg have been written in SAS to perform these analyses. The
results generated in this thesis using these techniques should
be useful to the Lesotho Ministry of Health and serve as a

reference for similar health and nutrition surveys in the future.
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CHAPTER 1
INTRODUCTION

1.1 HEALTH INTERVIEW SURVEYS IN DEVELOPING COUNTRIES

Health interview surveys are the most common and preferred method
of collecting health information in developing countries. Other
sources are through a population census; records from medical
examinations, and disease registers. The call for "health-for-
all" by the year 2000 (World Health Organization 1981) has had
a strong influence on the continuation of the interview survey
as the primary source of health information. In order for a
country to plan and manage its h~alth services it is necessary
to continually update its information on various health factors
such as morbidity, nutrition, and maternal care. In addition to
this the attitude and kncwledge of the population towards health
services would also need to be considered when the required
preventive and curative measures are made. Even though health
interview surveys have been conducted for the past few decades,
and much has been written in the literature about the wvarious
surveys around the world, each country seems to experience its
own unigue problems in the management of these surveys. In
developing countries where capital-to fund surveys is limited,
it is imperative to ensure that they are conducted effectively
and efficiently. Besides producing accurate results for that
country, it would also encourage the donor country to continue

with its financial support.

One could guestion the wisdom of conducting expensive national
health suxrveys in preference to directly funding health services.
The main argument in favour of health surveys is that they are
necessary 17r the planning and management of the health services.
As XK L White (1985) states: "If the ‘received wisdem’ and ‘best
guesses’ of those responsible are inadequate for establishing
the dimensions of suffering and the numbers and locations of the

people experiencing the suffering, then a survey may be helpful




for ordering the problems and populations in some rational
fashion." Health planners require knowledge about the frequency
and trends oi morbidity, nutrition, maternal care, etc., as well
as the attitudes, accessibility to, and utilization of the health
services by the population. Survey findings enable them to
monitor the effectiveness of the existing services, motivate the
necessity for the establishment of new health services, as well
as place more emphasis on the prevention and treatment of
specific diseases and illnesses. Therefore in order to justify
the large amounts of money spent on these surveys, it is
essential that once the survey is approved and carried out, the
health planners receive reliable information £from a well executed
survey within a short period of its completion.

A1l sample surveys are subject to both sampling errors and non-
sampling errors. Improvements in the design and implementation
of these sample surveys in recent years have helped to minimize
these errors. However health surveys in developing countries are
still prone to incomplete or partial reporting, response errors
and to a lesser degree coverage errors (Croft (1591)). Developing
countries have had to rely predominantly on the experiences of
industrialized countries when developing suitable methods for
their surveys. However many situations in the survey process are
unique to developing countries. Kroeger (1985) suggests reducing
the sample size of a national survey in favour of a more
intensive small-scale survey since "Supervision requires much
travelling, which is extremely uncomfortable and difficult in
most rural areas of the developing world. Compromises between the
intensity of supervision and the feasibility of travelling have
to be found.®

Timaeus et al (1988) had the following reservations about surveys
in developing countries: "Many of these surveys are unsystematic,
poorly planned and give insufficient attention to the development
and pretesting of questionnaires and procedures. Many previous
surveys have been slow to produce results and, when they have
appeared, have not addressed the questions that policy makers




need answering. Serious problems are being caused by the
unintegrated, conflicting, duplicating and expensive (in time,
labour, and wmoney) information-gathering activities already
taking place in many countries, especially in 2Africa. The
situation has been aggravated by frequent revision of existing
procedures and introduction of new ones, often being imposed on
countries through demands for information from the intermational

agencies."
1.2 COMPLEX SAMPLING

If each element of the sampled population has a known positive
probability of being selected in the sample, then the sampling
procedure is known as a probability sampling procedure. If a non-
probability sampling procedure is used, one cannot in general
comment on the unbiasedness of the estimateors and on their
standard errors. The four basic probability sampling procedures
are simple random sampling, systematié sampling, stratified
sampling, and cluster sampling. These four sampling procedures
are usually combined in practice to form a multi-stage stratified

cluster sampling design, known as complex sampling.

Simple random sampling is the procedure whereby, say, n elements
are randomly drawn from the sampled population in such a way that
each element of the population has the same probability of being
included in the sample. There are three problems associated with

simple :random sampling:

(1) An entire list of the sampled population is necessary. This
list is noct always available, and it may be difficult and

expensive to construct.

(2) One cannot guarantee that the sample will be representative
of the population being sampled. For example if one were sampling
15 primary schools around South Africa, and all the schools
randomly chosen were from the Western Cape area, these schools

would not be representative of South Africa.




(3) If the elements selected in the sample are geographically
widely spread over an area, it will be expensive and time

consuming to collect the data.

A systematic sampling procedure is one whereby the elements are
drawn in some regular way, starting from a random starting point,
from a complete list of the elements of the population. If
correctly approached and executed, this procedure has the
potential of producing samples that are representative of the
population. The danger with systematic sampling is the possible
presence of hidden periodicities, where every n* element chosen
has a similarity that could bias the results.

Stratification is the process whereby the population is divided
into subpopulations or strata. An independent sample is then
drawn from each of the strata. In national household surveys the
stratification wvariables are usually the geographic area oxr
region and degree of urbanization (rural or urban). The reasons
for stratification are (a) to ensure the representation of each
segment of the population in the sample and (b) to reduce the
standard error of the estimators of the population parameters by
dividing the strata in such a way that each stratum is more
homogenous than the population with regards to the relevant

variable(s) or characteristic(s) under investigation.

Due to the costs and logistics of randomly selecting households
or respondents within a stratum, it is often necessary to sample
clusters within the strata. Clusters are usually formed by
grouping geographizally nelghbouring elements of the population.
The more heterogenous with respect to the variable(s) or
characteristic(s) under investigation the households of the
population grouped within clusters are, the smaller the standard
errors of the population estimates are. Since these elements tend
to be alike there is usually a positive intracluster correlation,
which results in the increase of the standard errors of the
estimators of the population characteristic(s) or variable(s).

For a fixed total sample size the smaller/greater the cluster




size, the smaller/greater is the standard error of the
estimators. A cluster size of one is the same as using a simple
random sample. The problem with small cluster sizes is chat it
resu:%: in higher costs. Therefore a ccmpromise is necessary in
deciding between lower costs or lower standard erxrrors of the

estimators.

Nearly all surveys in developing countries are stratified cluster
samples, with clusters comprising groups of households in each
of the regions or strata. Since the observations from such a
design are not independent and identically distributed (iid), it
is necessary to make adjustments in order to anilyze such data.
The standard statistical packages assume iid observations drawn
from infinite populations and hence are not appropriate for most

survey designs.

The recommendations and proposals in this thesis are based on my
experience of the Lesotho National Household Health and Nutrition
Survey (NH&NS) that was conducted over four survey rounds in 1988
and 1989, and generalized wherever possible to any other
developing countries conducting similar surveys. The first round
data is not considered in this thesis due to the various problems
encountered in the data processing phase (see Chapter 3 foxr more
details) .

This thesis can be divided in to two main sections:

(i) Issues related to data processing and management of complex

survey designs such as the NH&NS.

It is necessary to address the concerns made above by Timaeus et
al. (1988) concerning the capabilities of developing countries
in conducting health interview surveys. Given the limited
capacity of the local staff of developing countries to conduct
large scale surveys, the unique survey environment encountered
in developing countries {(i.e. the extensive rural areas,

illiteracy, poor administrative records, and the lack of adequatz

n




training in conducting surveys), and the fact that low health
service utilisation makes interview surveys an esscntial source
of health information, it would seem that a modified approach to
the survey analysis proceSs should be implemented. Some proposals
towards this end are made in this thesis.

Various recommendations have been made in the literature to
improve the methodological approach of health interview surveys
in developing countries. These recommendations are concerned with
the sampling design, the questionnaire design, the questionnaire
content, as well as the general fieldwork of the health interview
survey in developing countries (Kroeger (1983) and Ross and
Vaughn(1986)) . These are not repesated in this thesis. However,
less has been written about the overall management of surveys,
the use of consultants, and particularly the mechanisms for
improving the quality of data processing (editing, entry,

cleaning and analysis).

Based on my experiences and the experiences of the survey manager
of the NH&NS, the influence of short-term consultants and the
need for improved management skills and quality control are
addressed. Common data errors found in a survey such as the NH&NS
are indicated. To prevent errors and speed up the release of
results, data collection techniques using the latest computer
technology, are considered. Based cn the lack of capacity in a
developing country to conduct large national surveys, the
proposal of a well conducted single round instead of multi-round
surveys is investigated. A data cleaning procedure used in the
NH&NS for child anthropometric data is also described.

{ii) Issues related to weighting and the analysis of such data.

Calculating weighting factors can be a complicated and time
consuming process for a Bureau of Statistics in a developing
country, which might prevent the early release of the results.
Strictly speaking, while it is necessary to compensate for
missing households (unit nonresponses), it might not affect the




outcome of the results significantly if a weighting factor is not
incorporated into the final weight to compensate for missing
items (item nonrespomnse). Thz weighting procedure employed £for
a complex survey design such as the NH&NS is firstly described,
and thereafter the question of excluding the weighting factor to

compensate for missing item responses is addressed.

The effect of using an incorrect standard error, based on a
simple random sample instead of a complex survey design, is
demonstrated (Lehtonen and Pahkianen 19%4}). In the case of a
longitudinal survey st .a as the NH&NS the possibility of carrying
over information concerning the standard error from one survey

round to the next is considered.

Two-way table analysis, log-linear modelling and logistic
regression are the most common analytical techniques applied to
the data from such surveys, and the azdjustments to these
techniques to compensate for a complex survey design are
demornstrated. These techniques are applied to the child
nutrition, maternal care, and morbidity sections of the NH&NS.
It is hoped that the results generated in this thesis using these
techniques will ke found to be useful for the Lesotho Ministry
of Health and serve as a reference for similar health and

nutrition surveys to be conducted in the future.

Various programs have been written in SAS (SAS(1994)) to
far'litate the investigation of some of the abovementioned
issues, and to analyze the data where such programs are not
readily available. The source code as well as a description of

how to run these programs can be found in the appendices.

el B it




1.3 CONTENTS OF THE THESIS

Below is a short description of the contents of the thesis which
deals amongst others, with some of the issuee raised in Sections
1.1 and 1.2.

Chapter 2 gives a description of the NH&NS. This incorporates the
sampling design, the iype of data collected, the original

objectives of the survey, and my role in the survey.

Due to numerous data errors and missing information that appeared
in the NH&NS, it was necessary to implement a data cleaning
procedure to correct data errors that occurred in the editing or
data entry phases. In Chapter 3 these errors will be identified
and explained. Recommendations will be made to prevent sgimilar
errors from reappearing in future surveys. Recommendations for
a computerized data entry process are also made. It has been
suggested that single round surveys on a smaller scale should be
used in developing countries until the necessary expertise is
attained (Kroeger 1983). In Chapter 3 a comparison of the results
is mada between the entire data set and the three rounds
separately, in order to observe whether similar results are
observed in spite of the reduced sample size. Time constraints
and the fact that the fieldwork phase had been completed, made
it impossible to have callbacks. Therefore not all the data could
be cleaned. The cleaning was restricted to the variables analysed

in subsequent chapters.

Weighting is required in most national surveys for three reasons.
Firstly population totals of the various variables are required
from the survey, and therefore weighting to the most recent
Census is required. Secondly stratified samples must be adjusted
where sampling probabilities in different strata are not equal,
and thirdly weighting is necessary to compensate for missing
information, so that biases are reduced from the estimation and

analysis phases. As in most national health surveys there is




located, or respondents not knowing the answers to the questions.
Data might be missing for a single question, an individual, an
entire household, and in some rare cases even an entire village
(cluster). The most recent Census figures are used to determine
the weighting factors described above. This weight is multiplied
by a factor which takes into consideration the ‘'"raising factor"
which adjusts the data according to the age/sex distribution cf
the Census, as well as the population growth rate since the last
Census. The final weight also incorporates the weighting factor
for the compensation of item nonresponses. Imputation can also
be used to compensate for item nonresponses, so the various
imputation techniques are considered, and an example applying
this technique to the NH&NS is demonstrated. In Chapter 4 SAS
(SRS (1994)) programs which were written for the imputation and
subgroup weighting procedures of this thesis, are discussed and
referred to in the Appendices. In Chapter 4 the weighting process
in the NH&NS is explained, and a resampling comparative study of
two weighting factors, one incorporating the £factor for
compensating for item nonresponses and the other without it, and
imputation is made. Applying a resampling procedure, the effect
of varying weighting factors on the standard erxrror will bhe
investigated by comparing the standard errors of a data set with
missing observations, with -nd without subgroup weighting and

with imputation.

In Chapter 5 the child nutrition section of the survey is
considered. Various problems from the literature associated with
these anthropometric measurements are discussed. Data cleaning
procedures that were designed for the NH&NS to identify

systematic erroneous weight and height entries are explained.

Most national health interview surveys make use of a complex
sampling design which is made up of, among others, stratification
and cluster sampling, as described in Section 1.2. In Chapter 6
methods are discussed for estimating standard errors and design

.“macts of proportions from a survey, taking the effect of
« .ple i samcling and weighting into consideration. The design




effect is the ratio of the sampling variance of an estimator whel
the complexity of the design is taken into account, to the
sampling variance of the estimator if it is assumed that the
sample data have been obtained by means of simple random
sampling. Since well known packages such as SAS and SPSS (SPSS
X (1995)) do not have procedures for estimating standard errors
and confidence intervals that take the complexity of the survey
design into considexation, a prograw has been written in SAS to
serve this function. The procedure of ‘portability’ is also
considered in this chapter. This procedure uses information from
the same or similar surveys to estimate the standard errors, the
rate of homogeneity, and the design effect of each cell in a
multiway table. Applying this procedure effectively and carefully
could save a Bureau of Statistics in a developing country like
Lesotho much time and ensure quicker analysis and release of

results.

Since most of the data from ~urveys such as the NH&NS are
categorical, the two most appropriate techniques considered in
this thesis are log-linear modelling and logistic regression. In
Chapter 7 the log-linear model is applied to the child nutrition
data of the NH&NS, taking the complexity of the survey design and
the weighting into consideration. This analysis entails including
a correction factor based on the design effect for each cell in
a multiway table, and rescaling the multiway table to compensate
for weighting. A question asked in thie chapter is whether the
exclusion of the correction factor will materially affect the
conclusions of the analysis. Another approach using the
SUDAAN (1994) statistical software system, where the full
covariance matrix of the weighted propor