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CHAPTER 1:  Introduction 

The Central Statistical Authority (CSA) of Ethiopia has made available relatively well organised and reliable statistical data sets for the country in recent times. The accomplishments of the CSA over time show a change of direction from the use of administrative records to compile data concerning external trade, retail trade, and other modern sector activities, ad-hoc surveys and specific area censuses to broad based scientific sample surveys and censuses. Particularly, the 1980’s and 1990’s signify an important period in the development of statistical work in Ethiopia (CSA, 2006). Under the umbrella of the National Integrated Household Survey Program (NIHSP), a number of rural and urban household surveys were conducted producing essential information for economic and social management. During this period, three major censuses were also undertaken, namely the 1984 Population and Housing Census, the 1994 Population and Housing Census and the first ever Ethiopian Agricultural Census in 2002. The very interesting characteristic of this agricultural sample enumeration was the ability to produce agricultural information for the nomadic areas for the first time. Among the new batches of surveys introduced in recent years are the Informal Sector Survey, Distributive Trade and Service Survey, Welfare Monitoring Survey, Continuous Labour Force Survey  (CSA, 2006). 

Under the umbrella of the National Integrated Household and Enterprise Survey Program, the Agency plans and executes a number of national socio-economic and demographic surveys on an annual basis. Surveys included in the program (CSA, 2006) are:

· Main Season Annual Agriculture for crop production forecast, area and crop production, land utilisation and agricultural practices ;

· Livestock population; 

· Seasonal Annual Agriculture; 

· Large Scale Farm Agriculture; 

· Labour Force; 

· Child Labour; 

· Household Income, Consumption and Expenditure; 

· Welfare/Poverty Monitoring; 

· National Family and Fertility; 

· Demographic and health; 

· Sample Vital Registration System; 

· Health and Nutrition; 

· Disability; 
The CSA uses the database from the previous census as a sampling frame to draw samples for the different surveys listed above. For the selection of the sample enumeration areas (EAs) the organisation uses the “Dbase software”. The selected EA analog maps are duplicated from their original copy for fieldwork. The organisation uses a stratified two-stage sampling design to select the sample in which the primary sampling units (PSUs) are EAs. The sample of EAs from each domain are selected using a systematic sampling method that is probability proportional to size (pps), using the same stepsize for all EA’s, so that the total sample drawn is proportional to the size of the EA. This can be termed pps systematic sampling. The size is number of households in the EA, as obtained from the 1994 population and housing census (CSA, 2001). Within each sampled EA, a fresh list of households is prepared at the beginning of the survey fieldwork and for the administration of the survey questionnaire.

Generally, after an up-to-date listing has been obtained, the secondary sampling units are selected using the systematic sampling method by calculating the sampling interval (total listed households in the EA divided by the sample size within the EA) and the first sample point is obtained using random number tables. The CSA organises a training program for the enumerators, supervisors and office staffs in two stages. The first stage was conducted at the head office in Addis Ababa. The participants were selected from professionals and sub-professionals with experience, branch office heads and their assistants to train enumerators and supervisors during the second stage of training at the branch offices. The branch office staff and supervisors check the correctness of the listing and sample selection before the enumerators start interviewing the households or the individuals, according to the type of surveys (CSA, 2001).

This sampling plan has been practised by the CSA since its establishment and has played an important role in collecting data for estimating population parameters. Different sampling plans and estimators have been used in some surveys. However, no assessment as to the characteristics of the resulting samples has been done.

Statistical sampling theory suggests which of the various sampling plans and estimators are appropriate under certain circumstances, and provide guidelines for the choice of sample size and the calculation of standard errors.  According to a study by Moore and McCabe (1993) on wild animal populations, rules of thumb given for sample sizes for standard surveys may not be appropriate for variables that have a skewed distribution.  

Known populations can be used in evaluating sampling plans and estimators (Kraft, Johnson, Samuelson and Allen, 1995). In this research report, the census 1994 data for Tigray region of Ethiopia will be used to investigate the characteristics of estimates obtained using different sampling techniques. This will allow for a better understanding of the tradeoffs between different sampling schemes, sample sizes and the complexity of the sampling scheme. It will also indicate whether the current sampling schemes can be materially improved – the trade-off between the comparability of successive surveys versus improvements gained from changing methodology, need to be assessed.

A further aspect that will be examined concerns the estimation of standard errors of the estimates obtained from the survey.  The CSA currently uses the standard methodology as presented in, for example, Cochran (1977), and as available in most statistical packages.  In recent times, re-sampling methods of estimating the standard errors (such as Taylor linearization for the more complex estimators) have become more accessible due to advances in computing technology. The difference between the two estimators will be evaluated.

The second part of this research report deals with building a poverty index and poverty map using existing data for the Tigray region. According to the World Bank (2000b), in their poverty assessment summaries of Ethiopia over the last decade, the average per capita income has declined considerably. In the absence of recent data on actual incomes and their distribution, however, some improvisation was necessary to provide a measure of the extent of poverty. On the basis of information from various sources, the World Bank estimated that of the approximately 6.9 million people living in urban areas, about 4 million (58 percent) live below the poverty line; half of these people are desperately poor. An assessment of rural poverty was based on analyses based on estimates of farmers' assets (farm area, the number of oxen per farm), their location, and their vulnerability to poverty. On this basis, it was estimated that 30 percent of farm households are chronically poor. Assuming a household size of five, this amounts to about 12.6 million rural people. If those who are vulnerable to poverty (17 percent) are added, then there are an additional 7.4 million, giving a total of about 20 million rural poor. In their summary the World Bank indicated that, if the landless, refugees, the displaced due to war, and demobilised soldiers in poverty are included, there are a total of about 27 million people out of a population of about 52 million (52 percent) living in chronic or transitory poverty in urban and rural areas in Ethiopia. The social impact of poverty in Ethiopia is reflected in the following indicators: 

· Nearly one quarter of children born do not reach the age of five; 

· In rural areas, only about 12 percent of people have access to safe water;

· less than 50 percent of the population is within 10 km of a health facility of any kind;

· The number of people per physician in Ethiopia is about 79,000 compared with 25,000 in low-income economies in Sub-Saharan Africa.

The CSA (2001) report, which was based on the 1995/96 Household Income, Consumption and Expenditure Survey and the 1996 Welfare Monitoring Survey, indicates that 45.5 percent of the total population lives below the poverty line. The report also revealed the disparity among urban-rural residents in which 47.5 percent of the rural populations is indicated as falling below the poverty line, compared to 33.2 percent of the urban population. Hence, the issue of poverty reduction calls for concern for the government and policy makers. These numbers indicate a worsening poverty level scenario as measured by the CSA and the World Bank. 

According to Ssereo, Alemseged, Mariam, Tokuda, Workineh and Desalegn (2004), the Tigray region is predominantly Orthodox Christian, located at the most northern part of Ethiopia, and occupies a landmass of 53,600 square kilometers. The Tigray Region is one of the poorest Regions of Ethiopia. The economy is mainly based on subsistence rain dependent agriculture; food insecurity is an essential element of poverty in Tigray. About 600,000 rural households are believed to be food insecure and more than 61% of the population lives in absolute poverty. The region has sustained repeated man-made and natural disasters/calamities. Poverty and unemployment persist as major problems of the Region. 

Since 1960, CSA has been collecting statistical data and providing information for users. However, no poverty mapping (graphical representations of spatially disaggregated estimated welfare) work has been done so far, and this part of the research report aims at investigating a poverty mapping that would contribute to the bridging of this knowledge gap. Deficiencies in the current level of information available will be investigated, and suggestions made as to what changes would allow better estimation of poverty levels.

1.1 Data 

Data available for this research report are: 

· CSA (1994) Tigray regional state census data, 

· CSA (2000a) Household Income, Consumption and Expenditure Survey, and
· CSA (2000b) Welfare/Poverty Monitoring Survey. 

The three data sets are given in two parts, the first part containing household level data and questions that are asked at household level about the housing unit and facilities available in the housing unit. The second part is at individual level: this part includes demographic characteristics, educational status and employment status etc. 

We cannot examine all variables available, so have chosen one continuous variable and three categorical variables.  The choice was motivated by the variables used in the poverty index, so for the continuous variable we have chosen age.  For the categorical variables we have chosen gender (which has a value of around 50% for both male and female), and then school attendance and access to water, which are very skew variables. 

For this research report, the Tigray region census data will be used as a sampling frame, in order to investigate the different sampling methods. Probability samples will be drawn using different sampling methods. The assumptions made are: 

i. Each sampling method gives a different sample.

ii. The sample sizes will vary, being 1%, 5% and 10% of the population to allow for easy comparison of the performance of the sampling methods in estimating population parameters for different variables.

The Welfare/Poverty Monitoring survey will be used to calculate the United Nations Development programme (UNDP) standard Human Poverty Index for developing countries (HPI1, Chakravarty and Majumder, 2005) for each zone in the Tigray region. Together with household income, it will be used to compare the estimates from this survey to the population parameters taking into consideration the time (six years) between the census and the surveys. 

The data is given in SPSS® format, can be used in SPSS® or could be converted to SAS®, R or other statistical software available to perform the analysis.  The package used in this report is SPSS® version 13, which has a complex sampling module (which includes all methods investigated in this report).

1.2
Sampling methods investigated

In this research report the following probability sampling methods will be used to draw samples of households of different sizes: 1%, 5% and 10%. For example, a sample size of n= 6382 for individuals and n=1440 for households represents 1% of the entire population for the Region.
Simple Random Sampling (SRS): The census data gives a well-defined sampling frame, which makes it possible to apply SRS. For example, the list of households is available from the Tigray 1994 census data in which the household will be the sampling unit.  Therefore one can then select the sample based on the random numbers.
Systematic Sampling (SysS): The Tigray region census data source has 144011 households. A sample of 1% of them, n= 1440, will be used. The sampling fraction is 144011/1440=100, and a random number between one and 100 to indicate the first household to be selected in the list and then choose every 100th household. For example, if the chosen number is 10, we would have chosen 10th, 110th, 210th, 310th, etc through the end of the list. The same procedure will be followed for the selection of the sample from housing sampling frame.

Stratified Sampling (Str): The target population is divided into strata (groups) based on some common characteristics (in this case the zones) in the regional state. Stratification generally reduces sampling error because it can ensure that all relevant portions of the population are included in the sample. Random or systematic sampling will then be used to select a sufficient number of observations from each stratum. PPS sampling will be applied.
Cluster Sampling (CS): A two-stage sample design will be used to select the sample. The strata comprise all the zones in the regional state. The primary sampling units (PSU) are the Weredas (administrative areas within the zones) which are selected using SRS. Within each town in a selected Wereda, a sample of households will be selected using SRS.

1.3 Human Poverty Index definition

The United Nations Development Programme (UNDP) recommended standard for developing countries (HPI1) as reported by Chakravarty and Majumder (2005), is. 
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Where:

P1=Probability of not surviving to age 40 (times 100)

P2=Adult illiteracy rate (%), implying exclusion from the world of reading and communication, as measured by the percentage of adults (ages 16-65) lacking functional literacy skills.

P3= Average of the percentage of people without access to safe water and percentage of children underweight. These are both indicators of deprivation in a decent standard of living and the UNDP recommends that this be  measured by averaging these indicators, so that each of the three components has an equal weight in the index. 

We will take (=3 as recommended by Chakravarty and Majumder. 

The value of ( has an important impact on the value of the HPI1. If  (= 1, the HPI1 is the average of its dimensions. As ( rises, greater weight is given to the dimension in which there is the most deprivation. Thus as ( increases towards in infinity, the HPI1 will tend towards the value of the dimension in which deprivation is greatest.

The value for P1 is obtained from UNDP human development report (2006) and the remaining values are obtained from welfare 2000 survey. This particular formula uses multiple dimensions of poverty for calculating the HPI (with the above formula we combine a number of possible dimensions of poverty, and we will get a single number HPI). If we want the poverty index based on income or expenditure by combining the census and surveys we need to add questions related to income or expenditure in the census. 

1.4 Objectives:
This research report uses the Tigray region census data as the population from which samples will be drawn using different probability sampling methods. We shall investigate the effect of the sample scheme on the estimates obtained from different sampling techniques by comparing the estimation bias and precision. The following are the objectives of the research:

i. To draw samples using different sampling techniques from the census 1994 data for the Tigray region and to investigate the effect of the sampling scheme on the estimates of the population means and proportions.  Variables to be investigated will cover both common and rare attributes, so as to evaluate the effect of symmetric and skew distributions that arise in Ethiopian data.  The census data relating to the households, rather than that relating to the persons, will be used as the actual population frame, as it is the households that are drawn in surveys.

ii. To prepare weights for the samples from the different sampling designs.

iii. To investigate and compare the sampling scheme of the Household Income and Consumption survey and Welfare Monitoring survey (WMS) for the Tigray region conducted in year 2000.

iv. To calculate the poverty index of the region using the WMS2000 data and to look at the feasibility of using the WMS data to set up a model that will allow the transfer of information onto the census data.

v. To plot the poverty index using a Geographic Information System (GIS), in order to show the variation in the poverty level that affects the region in the form of map, and to suggest the type of policy issues that may arise.

1.5     Significance of the study:

The vision of the CSA is to be an official statistical agency that can provide all users with statistical information that can be used to plan and monitor economic and social growth. Its mission is to produce complete, timely, reliable and standardised information in all aspects by pursuing scientific operation (CSA, 2006). The investigation of different sampling strategies with respect to estimation bias and precision will help the CSA to check if there is a need to change to a new sampling design. It will also allow an investigation of sample sizes required for surveys.

No attempt has been made so far to produce poverty mapping with existing data. However, the CSA plans to carry out such an activity in the near future. In the meantime, the outcome of this research on the Tigray regions’ data, including poverty mapping, can be used as an initiative for the CSA for further efforts in other parts of the country by using currently existing data. It will also indicate whether further data needs to be collected in the census.

CHAPTER 2:  Sampling background and definitions

Statistics is based on samples – if we have all the data, there is no random variability, so no need for statistical analysis.  Sampling theory deals with the methods of drawing samples in such a way as to get the most information possible for the time and money available to get the data.  It overlaps with experimental design, and quality control in this respect. However, it differs from the more standard statistical analyses, which are based on data which one has managed to observe, without there being any detailed planning in obtaining the data.

Survey Work

In most survey work, the population consists of all persons (or housing units, households, industrial establishments, farms, etc.) in a city or other area. Information is obtained or desired from a sample of the population, but inferences are required on characteristics of the whole population.

Design and Analysis of Experiments 

In the design and analysis of experiments, the population represents all possible applications of several alternative techniques of interest that  can be used. For example, the experiment may be agricultural, in which a number of fertilisers are being tested. The population is infinite because it represents the use of the fertilisers in all possible farms over all time. The problem is to design experiments so that the maximum amount of information can be made available for inferences about the full population, estimated from a sample of limited size.

Quality Control

In the application of quality control methods in industrial establishment, for example, the population is all of the products coming out of a machine. Inferences are needed on how well the products conform to specifications. The term “quality control” is also applied to a sample check on the quality of field-work done in a sample survey; the sample check is carried out after the actual survey is completed. Office operations such as editing and coding are also subject to quality control; a sample of the work is checked to determine if it meets acceptable standards.

2.1 Why sample?

A researcher can usually not make direct observations on every individual in the population they are studying. Instead, they collect data from a subset of individuals (a sample) and use those observations to make inferences about the entire population.

Ideally, the sample corresponds to the larger population on the characteristics of interest. In that case, the researcher‘s conclusions from the sample are probably applicable to the entire population.

This type of correspondence between the sample and the larger population is most important when a researcher wants to know what proportion of the population has a certain characteristic such as a particular opinion or a demographic feature.

In general, there are two approaches to sampling, probability sampling and non-probability sampling. With probability sampling, all elements (persons, households) in the population are eligible to be included in the sample, and the mathematical probability that any one of them will be selected is known. With non-probability sampling, in contrast, population elements are selected on the basis of their availability (e.g. because they volunteered) or because of the researcher’s personal judgement that they are representative.

It is impossible in real life to perform a census for every study, therefore we conduct sample surveys instead. The following summarises the main justifications given by Cochran (1977) and Lohr (1999) for using sampling.

1. As compared with the cost of a complete census, a sample may save money. 

2. A sample saves time, when data are desired more quickly than would be possible with a complete census.

3. A sample may make it possible to concentrate attention on individual cases, and thus to collect high quality data.

4. The use of sample in industrial uses, a number of tests are destructive (for example, testing the length of time an electric bulb will last) and can only be performed on a sample of items.

5. Where non-sampling errors are necessarily large, a sample may give better results than a complete census because non-sampling errors are easier to control in smaller-scale operations.

For this research report only the probability sampling techniques are used. The basic probability sampling methods are classified into four major groups: simple random sampling stratified random sampling, systematic sampling, and cluster sampling.

2.2 Limitations of Sampling

Under certain conditions, the usefulness of sampling becomes questionable. Three principal conditions can be mentioned.

1. If data are needed for very small areas, disproportionately large samples are required, since the precision of a sample depends largely on the sample size and not on the sampling rate. In this case, sampling may be almost as expensive as a complete census.

2. If data are needed at regular intervals of time, and it is important to measure very small changes from one period to the next, very large samples may be necessary.

3. If there are unusually high overhead costs connected with a sample survey, caused by work involved in sample selection, control, etc…, sampling may be impractical. For example, in a country with many small villages it may be more economical to enumerate all the households in the sample villages than to enumerate a sample of households within all villages. For office processing, however, a sample of the enumerated households may be used to reduce the work and costs of producing tabulations.

2.3 Criteria and definitions

2.3.1 Criteria for the acceptability of a sampling method

It has been demonstrated repeatedly in practical applications that modern sampling methods can provide data of known reliability on an efficient and economical basis. However, although a sample includes only a part of a population, it would be misleading to call a collection of numbers a “sample” merely because it includes a large part of a population, since this may not be representative of the population. For example, a sample of size 3 000 collected at a particular football stadium is not necessarily representative of all people in a country.

To be acceptable for statistical analysis, a sample must represent the population and must have measurable reliability. In addition, the sampling plan should be practical and efficient.

a. Chance of Selection for Each Unit

The sample must be selected so that it properly represents the population that is to be covered. This means that each unit (farm, household, person, or whatever unit is being sampled) must have a non-zero probability (chance) of being selected. For example, suppose some researchers want to find out which of two mayoral candidates is favoured by voters. Obtaining a probability sample would involve defining the target population (in this case, all eligible voters in the city) and using one of many available procedures for selecting a relatively small number (probably fewer than 1,000) of those people for interviewing. For example, the researchers might create a systematic sample by obtaining the voter registration roster, starting at a randomly selected name, and contacting every 500th person thereafter. Or, in a more sophisticated procedure, the researchers might use a computer to randomly select telephone numbers from all of those in use in the city, and then interview a registered voter at each telephone number. 

b. Measurable reliability 

It should be possible to measure the reliability of the estimates made from a sample. That is, in addition to the desired estimates of characteristics of the population (totals, averages, percentages, etc.) the analyses should give measures of the precision of these estimates. These measures of precision can be used to indicate the maximum error that may reasonably be expected in the estimates, if the procedures are carried out as specified.  This is also dependent on the sample size. The estimation of precision is not possible unless the selection is carried out so that the chance of selection of each unit is known in advance and random sampling is used. For example, a presidential preference poll may report that the incumbent is favoured by 51% of the voters, with a margin of error of plus-or-minus 3 points at a confidence level of 95%. This means that if the same survey were conducted with 100 different samples of voters, 95 of them would be expected to show the incumbent favoured by between 48% and 54% of the voters (51% ± 3%).
c. Feasibility

A third characteristic is that the sampling plan must be practical. It must be sufficiently simple and straightforward so that it can be carried out substantially as planned; that is, the sampling theory and practice will be the same. A plan for selecting a sample, no matter how attractive it may be on paper, is useful only to the extent that it can be carried out in practice, and the extent to which it is possible to do quality checks on the sampling. When the methods actually followed are the same (or substantially the same) as specified in the sampling plan, then sampling theory provides the necessary measures of reliability. In addition, the measures of reliability computed from the survey results will serve as guides for future improvement in important aspects of the sample design.

d. Economy and efficiency

Finally, the design should be efficient. Among the various sampling methods that meet the three criteria stated above, we would naturally choose the method that, to the best of our knowledge, produces the most information at the smallest cost. Although this is not an essential feature of an acceptable sampling plan, it is clearly a highly desirable one. It implies that the most effective possible use will be made of all available facilities and resources, such as maps, other statistical data, personal knowledge, sampling theory, etc.

We shall consider only sampling methods that conform to the above criteria. We shall present basic theory of various alternative designs that are possible, and methods of measuring their precision. We shall also stress practical methods of applications and considerations of efficiency.

2.3.2 Practical aspects of collecting data

There are many practical aspects of collecting data that are important, and different surveys in different countries may need to address many different issues.  Cochran (1977, pp 4-8) sets out principal steps in a survey, some of which are mentioned below:

a. Statement of the objectives of the survey

The objective of the survey should be clearly defined, otherwise we may reach  the wrong conclusions. The outcome from the survey should be clearly defined in order to define our population of study. For example, to study 4-year old children, the study population can be 3.5 – 4.5-year old children. The objective defines the study population, and in fact will define only those who would respond to the survey.

 b. Determination of the data to be collected

It is good practice to verify that all essential data of the survey are collected and that they are relevant to the purpose of the survey. This is because in most surveys, there is a tendency to collect data on too many variables, some of which are never subsequently examined. For example, a government department that wants information on many details of some aspect (perhaps such as disability – the many questions added lead to people not wanting to complete the questionnaire, and anyway, disability can be a rare item, so the sample size you can afford may not let you get enough cases to say much.

c. Selection of the sample

Several sample selection methods exist that can be used, as previously mentioned.  A decision about the size of the sample must also be made. This requires a provisional estimate of the cost of the survey for the sample to fall within the budget.

d. Information gained for future surveys

Information from previously completed surveys is very helpful in designing future surveys on the population.   Means and standard deviations help in estimating the sample size. 

2.3.3 Definition of Terms

a. Population or Universe

The population or universe is the entire group of all the units of analysis whose characteristics are to be estimated, for this particular case our population of study is all households in Tigray region. 

b. Sampling Frame

The totality of the sampling units from which the sample is to be selected is called the sampling frame. The frame may be a list of persons or housing units; it may be a subdivided map, or it may be a directory of names and addresses stored in some kind of electronic medium, such as a file a hard disk or a data base. Our sampling frame is data from 1994 population and housing census of Ethiopia, specifically for the Tigray region.

c. Unit of Analysis

The unit of analysis is the unit for which we wish to obtain statistical data. The most common unit of analysis are persons, households, farms, and business firms. They may also be products coming out of some machine process. The unit of analysis is frequently called an element of the population. There may be more than one unit of analysis in the same survey; for example, households and persons; or number of farms and hectares (or acres) harvested. According to Lohr (1999), the unit of analysis is the unit we actually sample. We may want to study individuals but do not have a list of all individuals in the target population. Instead, households serve as the sampling units, and the observation units are individuals living in the households. 

d. Characteristic

A characteristic is a general term for any variable or attribute having different possible values for different individuals units of sampling or analysis. In a sample survey, we observe or measure the values of one or more characteristic for the unit in the sample. For example, we observe (or ask about) the area of land for rice crop, the number of cattle on a farm, the age and sex of person, the number of children per family, etc. So, we observe a unit, but we measure several characteristics of that unit.

e. Probability Sample

A probability sample is a sample obtained by application of the theory of probability. In probability sampling, every element in a defined population has a known, nonzero, probability of being selected. It should be possible to consider any element of the population and state its probability of selection (Cochran, 1977).

f. Sampling with Replacement and Without Replacement

A simple way of obtaining a probability sample is to draw the units one by one with a known probability of selection assigned to each unit of the population at the first and each subsequent draw. The successive draws may be made with or without replacing the unit selected in the preceding draws. The former is called the procedure of sampling with replacement, and the latter, sampling without replacement.

g. Parameter

A parameter is a quantity computed from all values in a population set. That is, a parameter is a descriptive measure of a population. For example, consider a population of N elements. Then the population total, the population average or any other quantity computed from measurements including all elements of the population is a parameter. The objective of sampling is to estimate the parameters of a population.

h. Statistic

A statistic is a quantity computed from sample observations of a characteristic, usually for the purpose of making an inference about the characteristic in a population. The characteristic may be any variable that is associated with a member of the population, such as age, income, employment status, etc.; the quantity may be a total, an average, a median, or other quantiles. (Collectively, quartiles, deciles, percentiles and other values are obtained by equal subdivisions of the data). It may also be a rate of change, a standard deviation, or it may be any other quantity whose values we wish to estimate for the population.

Note that the term statistic refers to a sample estimate and the term parameter refers to a population value.

i. Independent Information

Independent information consists of data that are known in advance of or simultaneously with the survey, which are not based on the survey but are used to improve the survey design. Such data may be used for purposes of stratification, for determining the probabilities of selection, or in estimating the final results from the sample data. The data must be of good, known quality.

j. Estimate and Estimator

An estimate is a numerical quantity computed from sample observations of a characteristic and intended to provide information about an unknown population value.

An estimator is a mathematical formula or rule that uses sample results to produce an estimate for entire population. For example, the sample average (mean),
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is an estimator. It provides an estimate of the parameter, the population average,
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the population mean is usually denoted by μ.

Therefore, the estimator refers to a mathematical formula. When numbers are plugged into the formula, an estimate is produced. However, in common statistical language, the words estimate and estimator are used interchangeably.

k. Probability of Selection

The probability of selection is the chance that each unit in the population has of being included in the sample. Probability values range from 0 to 1, inclusive.

l. Random Variables

A random variable is a variable that, by chance, can be equal to any value in a specified set. The probability that it equals any given value (or falls between two limits) is either known, can be determined, or can be approximated or estimated.  A chance mechanism determines the value that the random variable takes. For example, in flipping a coin, we can define the random variable X which can take value 1 is the coin lands ‘heads’ and the value 0 if the coin lands ‘tails’ Therefore, the variable X, as was just defined, can take either one of two values after the coin is flipped.

m. Probability Distribution

The probability distribution gives the probabilities associated with the values which a random variable can equal.  If there are N values that a random variable X can take, say X1, X2, ... ,XN, then there are N probabilities associated with the Xi's values, namely P1, P2, ... ,PN. The probabilities and the values the random variable takes constitute the probability distribution of X.

2.3.4 Sampling Distribution 

A sampling distribution is the probability distribution of all possible values that an estimate might take under a specified sampling plan.

a. Expected Value

The expected value is the average value for a single characteristic over all possible samples.

Mathematically, we define the expected value (or mean) of a random variable Y as follows:
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ADVANCE \u2is used to indicate the sum.

The lowercase y denotes a particular value of Y.

The expected value is a weighted average of the possible outcomes, with the probability weights reflecting the likelihood of occurrence of each outcome. Thus, the expected value should be interpreted as the long-run average value of Y, if the frequency with which each outcome occurs is in accordance with its probability.

b. Unbiased Estimate

A type of estimate having the property that the average of such estimates obtained from all possible samples of a given size is equal to the true value.  Mathematically, an estimate is unbiased if the expected value of the estimate is equal to the parameter being estimated.

For example, if  EQ θ is an estimate of the parameter θ and if  EQ E(θ) = θ then EQ θ is an unbiased estimate of θ. Otherwise, EQ E(θ) - θ = Bias.   That is, the bias is the difference between the expected value of an estimate and the true population value (parameter) being estimated.

c. Consistent Estimate

An estimate is consistent if its’ values tend to concentrate increasingly around the true value as the sample size increases.  In other words, the estimate assumes the population value with probability approaching unity as the sample size tends to infinity.  This definition of consistency strictly applies to estimates based on samples drawn from an infinite population.  We use the following definition in the case of a finite population.  An estimate EQ Y is said to be a consistent estimate of the parameter Y if it takes the population value when n=N.  

2.3.5 Sampling and Non-sampling errors

Estimates are subject to both sampling errors and non-sampling errors.  Sampling error arises because information is not collected from the entire target population, but rather from some portion of it. Through the use of scientific sampling procedures, however, it is possible to estimate, from the sample data, the range within which the true population value (parameter) is likely to be with a known probability.  

Non-sampling error, on the other hand, is defined as a residual category consisting of all other errors that are not the result of the data having been collected from only a sample. These include errors made by respondents, enumerators, supervisors, office clerical staff, key coding operators, etc.

2.3.6 Predicting Reliability of Sample Estimates (Confidence Intervals) 

a. Standard Deviation 

The measure of variability in the population is called the standard deviation (which is the square root of the variance); its square is called the population variance and is designated by the symbol σ2.  The variance of the population is defined as the average of the squares of the deviations of all the individual observations from their mean value.  Thus, it would be computed by the following process, if all the values in the universe could be observed:
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The maximum likelihood estimator of the variance is given by
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Its’ sample equivalent is given by:
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This is the definition for a sample, without taking the sample structure into account, this will change for the different sampling schemes and the formulae for each sampling scheme is given in the corresponding sections.

b. Standard Error of Sample Means

The variance of the sample means is the average of the squares of the deviations of the means of all possible samples of size n from the true mean. The variance of 
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Where
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The square root of the variance of
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is called the standard error for means of samples of size n.  The standard error of
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c. Confidence Interval

An interval estimator is a formula that tells us how to use the sample observations to calculate two numbers that define an interval that will enclose the estimated parameter with a certain (usually high) probability.  The resulting interval is called a confidence interval and the probability that it contains the true parameter is called its confidence coefficient.  If a confidence interval has a confidence coefficient equal to .95, we call it a 95% confidence interval.

For the parameter
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, the confidence interval is:
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d. Coefficient of Variation

The coefficient of variation measures the spread of a set of data as a proportion of its mean. It is often expressed as a percentage. It is the ratio of the sample standard deviation to the sample mean.

e. Sampling for Proportions

An important class of statistics for which the formulas for variance and the formulas for determining the size of sample become particularly simple is the estimation of the proportion of units having a certain characteristic.

Proportions arise in two ways in statistical analysis.  First of all, we are frequently interested in a statistic that is a proportion, rather than a total or an average. Secondly, it may be desired to classify a population into a number of groups, and to find the percentage of the total population in each of these groups.

Consider a particular class of units in which we are interested, and we use the following notation:

A
=
Total number of units in that class in the population

a
=
Number of units in that class in the sample

P
=
True proportion of units in that class in the population

p
=
Proportion in that class in the sample

Q
=
Population proportion not in that class (Q = 1 - P)

q
=
Proportion not in that class in the sample (q = 1 - p).

In sampling for proportions, the following formulas are applicable to calculate the proportions. 

            
[image: image20.wmf]A

P

N

=

    and   
[image: image21.wmf]a

p

n

=

 



[image: image22.wmf]ApN

=

 

The estimate of this variance which is made from a single sample of n observations, is


EQ s\S\up4(2)(P) = \F(pq,n-1)(\F(N-n,N))
2.4 Definitions relating to the CSA data

The following definitions are adopted from CSA (2000b)

URBAN CENTRE: in principle is defined as a locality with 2000 or more inhabitants. In this study, however, for practical purposes an urban centre includes the following regardless of the number of inhabitants.

i) All administrative capitals (Regional capitals, Zonal capitals and Wereda capitals (the next smallest administrative region after zone)),

ii) Localities with Urban Dweller's Association (UDAs) not included in (i),

iii) All localities which are not included either in (i) or (ii) above, having a population of 1000 or more persons, and whose inhabitants are primarily engaged in non-agricultural activities.

URBAN DWELLER'S ASSOCIATION (UDA) or KEBELE: is the lowest administrative unit in an urban center with its own jurisdiction. It is an association of urban dwellers (commonly known as Kebele) formed by the inhabitants, and usually constitutes a part of the urban center.

FARMER'S ASSOCIATION (FA): is the lowest administrative unit in a settled rural area with its own jurisdiction. It is an association of rural dwellers formed by the inhabitants of a given area whose members are engaged either in agricultural and/or non-agricultural activities.

Enumeration Area (EA): is a unit of land delineated for the purpose of enumerating housing units and population without omission and duplication. An EA usually consists of 150 to 200 households in rural areas and 150 to 200 housing units in urban areas. An enumeration area should be related to a UDA or an FA in one of the following ways.

· An EA may be equal to an FA if the number of the households in the FA is less than or equal to 150 - 200 in rural areas; and is equal to a UDA in urban areas if the number of housing units in the UDA is 150 -200.

· An EA may be a part of an FA or a UDA and its delineation can not extend outside the boundary of the corresponding FA or a UDA.

COLLECTIVE QUARTER: A collective quarter is a premise (a housing unit, a building or a compound) in which a number of unrelated persons reside together, and share common facilities. Examples of collective quarters are monasteries, prisons, boarding schools, hostels, home for aged, children's homes, work camps, military barracks, etc. It is important to note that in the premises of some collective quarters, there may also be private households.

HOUSEHOLD: Constituted of a person or group of persons, irrespective of whether they are related or not who normally live together in the same housing unit or group of housing units and who have common cooking arrangements.

HEAD OF HOUSEHOLD: A head of a household is a person who economically supports or manages the household or for reasons of age or respect is considered as head by members of the household or declares himself as head of a household. Head of a household could be male or female.

MEMBER OF HOUSEHOLD: Persons constituting a household are called members of the household. The following are considered as members of a household:

· All persons who lived and ate with the household for at least six months including those who were not within the household at the time of the survey and were expected to be absent from the household for less than six months

· All guests and visitors who ate and stayed with the household for six months and more.

· House maids, guards, baby-sitters, etc. who lived and ate with the household even for less than six months.

HOUSEHOLD SIZE: Is the total number of members of a household.

2.5
Framework for Probability sampling 

 Our population of interest (sampling frame) contains N units, which can be denoted by the index set U= {1, 2, 3... N}. From this we can draw various samples which are subset of our population. The sample which is selected from all possible samples is denoted by S and contains n units from the frame (Lohr, 1999). Sample surveys deal with samples drawn from populations which contain a finite number of units. If these units can all be distinguished from one another, the number of distinct samples of size n that can be drawn from the N units is given by the combinatorial formula.
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The simplest method of probability sampling is simple random sampling (SRS).

To introduce the idea of a simple random sample, let us ask the following questions:

(1)  How many distinct samples of size n can be drawn from a population of size N?

(2)  How can we define a simple random sample?

 (3)  How can a random sample be drawn in actual practice?

To answer the first question, we use combinatorics, which allows us to choose n objects out of a total of N 
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 in EQ \b(\A(N,n)) = \F(N!,n! (N-n)!) ways, where N! = N (N-1) (N-2) ...

For instance, EQ \b(\A(5,2)) = \F(5!,2! 3!) = \F((5)(4)(3)(2)(1),(2)(1) (3)(2)(1)) = 10 different samples of size n=2 can be drawn from a population of size N=5.

To answer the second question, we make use of the answer to the first one and define a simple random sample of size n (or more briefly, a random sample) selected from a population of size N as a sample which is chosen in such a way that each of the EQ \b(\A(N,n)) possible samples has the same probability of being selected.  This probability is equal to: 

EQ \F(1,\b(\A(N,n)))
For example, if a population consists of the N=5 elements A, B, C, D and E (which might be the incomes of five persons, the number of persons in five households, and so on), there are EQ \b(\A(5,3)) = 10 possible distinct samples of size n = 3; they consist of the elements ABC, ABD, ABE, ACD, ACE, ADE, BCD, BCE, BDE, and CDE.  If we choose one of these samples in such a way that each has the probability EQ \F(1,\b(\A(5,3)))=\F(1,10) of being chosen, we call this sample a simple random sample.

With regard to the third question of how to take a random sample in actual practice, we could, in simple cases like the one above, write each of the EQ \b(\A(N,n)) possible samples on a slip of paper, put these slips into a hat, shuffle them thoroughly, and then draw one without looking.  Such a procedure is obviously impractical, if not impossible, given the size of most populations; we mentioned it here only to make the point that the selection of a random sample must depend entirely on chance.

2.6 Totals, Means and Proportions

We want to estimate the total number, or the average, or the proportion of units in the population, which possess some characteristic or attribute, or fall into some defined class (Cochran, 1977). Most of the time, the result published from a census or survey is of this form, for example the number of unemployed persons, the percentage of the population that is economically active, the average household income of a country, or the proportion of males and females in the country. The classification may be introduced directly into the questionnaire, as with questions that are answered by a simple “yes” or “no”. The rest of the variables in which the measurements are more or less continuous, and the classification is introduced in the tabulation of results. Thus we may record the respondents’ age in  years, but publish the percentage of the population in various age categories such as 5 or 10 year age groups.

As is standard, we will use capital letters to refer to characteristics of the population, and lower case letters to those of the sample. For totals and means we have the following definitions (Cochran, 1977).



Population value

Sample value

Total
Y= y1+ y2 + . . . +yN


y= y1+ y2+ . . . +yn  

Mean
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2.7
 Sampling weights 

In many large sample surveys, weights are used to deal with the effects of stratification and clustering on point estimates of almost any quantity of interest from any probability sampling design. Weights are extremely valuable tools for analysing survey data. In this research report, the sampling weight is calculated for each of the probability sampling methods and used in obtaining the estimates. Once can then investigate how far the sample estimate is from the true values. Generally the sampling weight for an observation unit is based on the reciprocal of the probability that the observation unit has of being selected to be in the sample.

2.8
 Sampling Techniques 

2.8.1 Simple Random Sampling

Simple random sampling is a method of selecting n units out of the N such that every one of the NCn samples has an equal chance of being chosen. 

With regard of how to take a random sample in actual practice, we could, in simple cases, write each of the EQ \b(\A(N,n)) possible samples on a piece of paper, put these pieces into a hat, shuffle them thoroughly, and then draw one without looking. Such a procedure is obviously impractical given the size of most populations, but it does emphasise that the selection of a random sample must depend entirely on chance.

Alternatively, we can list the N individual elements of a population, and then take a random sample by choosing the elements to be included in the sample one at a time.  The selection may be accomplished by either sampling with replacement or sampling without replacement.  In this research report we use only sampling without replacement, as this is the method most generally used in practice.

a.  Notation used for SRS 

The notation defined in this section is appropriate not only for simple random sampling, but also for most designs. Capital letters refer to population values and lower case (small) letters denote corresponding sample values.  A bar (-) over a letter denotes an average or mean value and (^) over a letter indicates an estimate.  We shall use the following notation:

N  =


total number of units in the population

n  =


total number of units in the sample

Yi =


value of a characteristic as measured on the ith unit in the population; i=1, 2, ... N

yi =


value of a characteristic as measured on the ith sample unit; i = 1, 2,...n
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  =
total value of a characteristic in the sample (or sum of sample values for the characteristic)
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 = population variance

EQ S\S\up4(2) = \F(N,N-1)σ\S\up4(2),  and  EQ σ\S\up4(2) = \F(N-1,N)S\S\up4(2)  
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EQ f = \F(n,N)  = sampling rate or sampling fraction

EQ \F(1,f)=\F(N,n) =sampling weight (expansion factor)

b. Sample Selection (in SRS)

Samples for this study are drawn using the complex sampling option in SPSS version 13.  The syntax for the selection of a 1% SRS is listed below, with the explanation of each command being identified by // explanation //.

The full, un-annotated syntax for all methods is listed in Appendix D.

We input a SPSS data set that contains the sampling frame, or list of units from which the sample is to be selected. We also need to specify the selection method, the desired sample size or sampling rate, and other selection parameters, such as the stratification variable. The procedure then selects the sample, producing an output data set that contains the selected units, their selection probabilities, and sampling weights. 

Since the data we have is only for the Tigray region, we need to specify the region as the stratification variable – thus having a single stratum, the population. We can then specify the households as observations within this stratum. In the syntax the strata=id01 indicates the region and the cluster= id02_zon id03_wer id04_tow id05_kef id07_keb id08_ea id12_hh indicates the observations within the strata in this case the households.

CSPLAN SAMPLE  

// calls the sampling macro//

 /PLAN FILE='C:\Documents and Settings\cb255\Desktop\Analysis plan\SRS\sin.csplan' 

//defines the input data set location//

 /PLANVARS SAMPLEWEIGHT=SampleWeight_Final_    

// Need to specify sample weight variable //

 /PRINT PLAN  

//to print sample output  //

 /DESIGN  STRATA= id01_reg  CLUSTER= id02_zon id03_wer id04_tow id05_kef id07_keb id08_ea id12_hh

//defines the sample design:  

The variable that defines the stratum is id01_reg,

The list of sample units is stored in the cluster variable, defined as id02_zon id03_wer id04_tow id05_kef id07_keb id08_ea id12_hh//

   /METHOD TYPE= SIMPLE_WOR  ESTIMATION= DEFAULT   

//specification that we want SRS wor, and that is the default mode of selection //  

   /RATE VALUE=0.01





//specifies that our sampling rate is 1%//

   /STAGEVARS





//The following are the variables included by SPSS in each stage of selection//

     INCLPROB( InclusionProbability_1_ )         // The proportion of units drawn from the population at a particular stage using stage wise inclusion (selection) probabilities //

     CUMWEIGHT( SampleWeightCumulative_1_ )     // Prior stages using cumulative sampling weight for a given stage //

     POPSIZE( PopulationSize_1_ )

   // Population size for a given stage//

     SAMPSIZE( SampleSize_1_ )


       //number of unit drawn at a given stage//

     RATE( SamplingRate_1_ )


              //stage wise sampling rate //

     WEIGHT( SampleWeight_1_ ).

//sampling weight for a given stage //

CSSELECT





// calls the selection macro//

 /PLAN FILE='C:\Documents and Settings\cb255\Desktop\Analysis plan\SRS\sin.csplan'

 /CRITERIA STAGES = 1 SEED = RANDOM
// control the scope of execution and specify a seed value with the criteria subcommand //

 /CLASSMISSING EXCLUDE

 
                // Control whether or not user missing values of classification (stratification and clustering) variables are treated as a valid values//
 /DATA RENAMEVARS






 /SAMPLEFILE OUTFILE = 'syn'




    // Specify general options concerning input and output files//
 /PRINT SELECTION.





      // Produce a case processing summary//
The same syntax could be used to select SRS with a different value of n (the sample size) by changing the variable RATE VALUE to the corresponding rate. Table 2.8.1 shows the achieved sample sizes.

Table 2.8.1: Number of household sampled after applying the syntax with different rate value (%)  

	Number of House hold  for each sample rate
	Proportion of Units Sampled

	
	Sampled
	Size

	
	1441
	1.0%

	
	7206
	5.0%

	
	14411
	10.0%


c. Sampling weights in a SRS design

In the case of simple random sampling, the probability of selecting any individual unit in the sample is n/N, therefore the sampling weight is given by N/n, where N = Number of observations in the population and n = Number of sampled observations from the population of size N.

d. Estimation of population means and proportions (SRS)

Estimates are obtained using the CSDESCRIPTIVES option in SPSS.  This uses the sampling plan file that is automatically created when the sample selection is done, and ensures that the estimates are calculated using the desired sampling plan and weights. The following SPSS syntax is used for estimating population means, standard error, confidence intervals as well as design effect.

CSDESCRIPTIVES

// call for macro to perform analyses for subpopulations//

 /PLAN FILE = 'C:\Users\user\Desktop\Analysis plan\SRS\srs_1%_design.csplan'

// specify the name of a plan file, which is written by the CSPLAN procedure, containing analysis design specifications with the PLAN subcommand//

 /SUMMARY VARIABLES =p18_age  



//specifies the variables for which results are required, here it is the respondent age//

 /SUBPOP TABLE = id02_zon  DISPLAY=LAYERED

 // specify subpopulations for which analysis are to be performed, and display results for all subpopulations in the same or a separate table//

 /MEAN



//will calculate the mean of the specified variable – p18_age/

 /STATISTICS SE CV CIN (95)  

//calculates the standard error, CV and 95% confidence interval for the desired variable//

 /MISSING SCOPE = ANALYSIS CLASSMISSING = EXCLUDE.  

// Specify how handle the missing data, exclude user-missing values among the strata, cluster, and subpopulations variables //

2.8.2 Stratified Sampling

In SRS, we do not try to force the sample to be representative of different groups in the population.  The tendency to be representative is inherent in the procedure itself and the sampling error can be reduced only by increasing the size of sample.  However, if something is known in advance about a population, it may be possible to use this information in stratification and thus reduce the sampling error.  The judgement of experts may be useful here.  At the moment, all that is done in CSA is to use the previous sampling frame that this is what will be investigated in this report. Depending on the results, more complex options may be evaluated. As more becomes known about the population of Ethiopia, more sophisticated methods can be examined The other factor we should consider is the cost, which also plays a big role in the selecting a particular method, but that at this stage no cost information is available.  

Stratified random sampling is a method in which the elements of the population are divided into groups (strata), and a simple random sample is selected for each group, If only one element from each group is drawn, one can use this as the estimate of the mean, but cannot estimate the variance.  At least two elements are needed to estimate its reliability; generally many more than two are needed to make the estimates sufficiently precise.  The process of establishing these groups is called stratification and the groups are called strata.  The strata may reflect regions of a country, densely populated or sparsely populated areas, various ethnic or other groups.  

In stratification we group together elements which are similar, so that the population variance EQ S\S(\S\up4(2),\S\do4(h)) within stratum h is small; at the same time, it is desirable that the means of the strata EQ (Y\S\do4(h)) be as different as possible.  The letter h will be used to identify the strata so that if L strata are created, h will go from 1 to L.

In stratified sampling, the probabilities of selection may be the same from group to group, or they may be different.  It is not necessary that all elements have the same chance of selection, but the chance of each must be known.  Under stratified random sampling all the elements in a particular stratum have equal chances of being selected.  While not every combination of elements is possible, all of the possible samples (that is, combinations of elements) that might be drawn have the same chance of occurring.

In stratified sampling, the selection of sampling units, the location and enumeration of the selected units, distribution and supervision of fieldwork and, in general, the whole administration of the survey is greatly simplified. The procedure, however, presupposes the knowledge of the strata sizes, that is, the total number of sampling units in each stratum as well as the availability of a frame for selecting a sample from each stratum.

a. Notation used for stratified sampling

Population quantities
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 = Population variance in stratum h.

The corresponding sample estimates are;  
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  = Sample variance in stratum h.
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b. Stratification of the population

In this research report, it is assumed that the Tigray region census 1994 data is our population, from which we want to draw samples using different probability sampling techniques. Information for stratification can sometimes be inherent in the population. For example, strata are clearly identified if a country is divided into regional administrative areas that are non-overlapping. Separate sampling from each area guarantees the proper representation of different parts of the country in the sample. Auxiliary information of such an administrative type can be used in designing the sampling. Moreover, for example, regional comparisons or comparisons between the strata can also be conducted. Due to the above-mentioned advantages, this population is stratified by zones within region.

There are different types of sample size allocation in stratified random sampling (which are given in the next section), and each method has its own pro and cons. For this research report, the proportional to the size allocation method will be used.

It is very common in stratified sampling to select the same proportion of units in each stratum.  With this method, to take a 10-percent sample of a given population, we would take a 10-percent sample from each stratum.

Since the sampling rates in all strata are the same, the number of elements taken for the sample will vary from stratum to stratum, depending on the size of the stratum.  Within each stratum, the sample size will be proportionate to the total population of the stratum.  We can express this mathematically as follows:

EQ n\S\do4(h) = \F(n,N)N\S\do4(h)\,  alternatively n\S\do4(h) = \F(N\S\do4(h),N)n
Proportional allocation has many advantages:

1.  In order to use this allocation procedure we don't need to know the stratum variances.

2.  Methods like optimal allocation require us to know the costs of sampling units in the different strata, but this is not required for proportional allocation.

3.  The increase in precision from other more elaborate methods is often not very large. Comparing Neyman  allocation with proportional allocation, we see that if the standard deviations in all strata are the same, the two methods are identical.  The greater the differences between the standard deviations in the strata, the greater the reduction in sampling error to be expected from Neyman allocation.  Cochran (1977) suggests that the gain in precision be evaluated, and that unless the gain is more than 10-20%, the use of optimum allocation is probably not worth the extra complications in tabulation.  With larger variations in standard deviations, the gains are appreciable and optimum allocation is advisable.

4.  Efficient for national-level estimates. The simple weighting procedure makes proportionate sampling attractive since results are easy to tabulate.  Results for different strata do not have to be computed separately.  

Researchers facing situations where the overall sample precision is not sufficient or where the precision of the subpopulation is not sufficient, can turn to disproportional stratification. Disproportional stratification results from using different sampling fractions in different strata. The benefit of using disproportional allocation is that it reduces the sampling variability in one stratum where the standard deviation is relatively great by increasing the number of sampling units allocated to that stratum.

c. Allocation of sample in stratified sampling 

Allocation provides a tool for determining the number of sample units to be taken from each stratum. There are many methods of allocation: proportional, optimal or Neyman allocation, and power or Bankier allocation.

Proportional allocation 

This is the simplest allocation scheme and, is as such, widely, used in practice. It presupposes a knowledge of the stratum sizes only, since the sampling fraction nh/Nh is constant for each stratum. The number of sample elements nh in stratum h is given by
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Proportional allocation guarantees an equal share of the sample in all the strata, but can produce less efficient estimates than generally expected (Lehtonen and Pahkinen, 1996).

As the sampling fraction is a constant n/N in each stratum, the inclusion probability of any population element K is also a constant [image: image49.wmf]p
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. The scheme therefore provides an equal-probability sampling design equivalent to that of SRS. This property simplifies the estimation because
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So the within-stratum means need not be calculated. For this reason a proportionally allocated sample has the property of being self-weighting (Lehtonen and Pahkinen, 1996). This property is not present in the other allocation schemes where the inclusion probabilities vary between strata.

Optimal or Neyman allocation 

This can be used if Sh, the standard deviations for individual strata of the study variable, are known, and vary greatly. The number of sample units nh in stratum h under optimal allocation (assuming equal costs) is given by
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In practice, Sh, is rarely known, but from experience gained in past surveys close approximations to the true standard deviations may be obtained. In optimal allocation, a stratum which is larger or has a large within-stratum variance gets more sampling units than a smaller or more internally homogenous stratum. This type of allocation provides the most efficient estimates under stratified sampling (Lehtonen and Pahkinen, 1996).

Power allocation 

This is suggested for surveys where there are numerous small strata and also a need for precise estimates at each stratum level (Lehtonen and Pahkinen, 1996). For example, under power allocation, the nh that are required to efficiently estimate stratum totals are given by
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where Tzh is the stratum total of an auxiliary variable z and 
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 is the coefficient of variation of y in stratum h. The constant a is called the power of allocation and in practice, a suitable choice of a may be ½ or 1/3. This choice can be viewed as a compromise between the Neyman allocation and an allocation that leads to approximately constant precision for all strata.

 d. Sample Selection (in stratified sampling)

SPSS syntax code used to select a stratified random sample of various sizes is shown in the Appendix D, page 125.  Note that the stratification variable is id02-zone that means strata are each zones in the region, and the households within each strata will be the observations.  The latter are listed in 

cluster= id03_wer id04_tow id05_kef id07_keb id08_ea id12_hh.

The sample sizes in the different zones are shown in table 2.8.2.

Table 2.8.2 Numbers of households sampled in each Zone after applying the syntax with different rate values (%)  

	 Zone
	Samples
	Size

	1
	326
	1.0%

	
	1628
	5.0%

	
	3256
	10.0%

	2
	429
	1.0%

	
	2145
	5.0%

	
	4289
	10.0%

	3
	263
	1.0%

	
	1317
	5.0%

	
	2635
	10.0%

	4
	423
	1.0%

	
	2116
	5.0%

	
	4231
	10.0%


e.  Sampling weights in Stratified sampling designs 

In stratified random sampling the probability of selecting the jth unit in the hth stratum to be in the sample is 
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, which is the sampling fraction in the hth stratum. Thus, the sampling weight is given by 
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 where Nh = total number of observations in stratum h and nh =  number of observations selected in stratum h.

f. Estimation of the population means and proportions 

The stratified sampling estimator for the total (ystr) and estimate of the population mean can be expressed as a weighted sum of individual sampling units.
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The sampling weight Whj = Nh/nh is the reciprocal of probability of selection of a unit to be included in the sample, which is used to estimate the population total for every variables measured in the sample.

2.8.3 Cluster Sampling

The discussion so far has been about sampling methods in which the units of analysis (people, farms, business firms, etc.) were assumed to be arranged in a list (or its equivalent) so that a sample of individual units could be selected directly from the list.  Now we will consider a sampling procedure in which the units of analysis in the population are grouped into clusters and a sample of clusters (rather than a sample of individual units of analysis) is selected.  The sample clusters then determine the units to be included.  The determination may be made in either of two ways:

(1)
The sample could include all units in the selected clusters.  This is usually referred to as single-stage cluster sampling.

(2)
A sub-sample of units in the selected clusters could be selected for enumeration.  This is called multi-stage cluster sampling.

There are two main reasons for using cluster sampling.  Often there is no adequate frame (such as a list) from which to select a sample of the elements in the population, and the cost of constructing such a frame may be too great.  In other cases, such a frame may exist but the savings in field costs obtained by cluster sampling (on some kind of geographical basis) may make this method more efficient than a simple random sample from a list.  In most practical situations, the sample selected using SRS will yield more information about the population  than a sample selected using cluster sampling of the same size; since members of the same cluster tend to be more homogeneous than the population.  Nevertheless, when cost is taken into account, the cluster sample may be more efficient (Lohr, 1999).

Even though the units in which we are interested are not selected directly, the probability of selecting a cluster and each unit in it (i.e., the probability of selecting a unit from the population) is fixed in advance; consequently, cluster sampling satisfies the criterion for probability sampling.

Clusters bear a superficial resemblance to stratified sampling (Lohr, 1999): a cluster, like a stratum, is a grouping of the members of the population. The selection process, though, is quite different in the two methods. Cochran (1977) points out that the big difference is that in stratified sampling, all strata are included, in cluster sampling only some clusters are sampled.

Whereas stratification generally increases precision when compared with simple random sampling, cluster sampling generally decreases it (Lohr, 1999). Members of the same cluster tend to be more similar than elements selected at random from the whole population. These similarities usually arise because of some underlying factors that may or may not be measurable (Lohr, 1999). By sampling everyone in the cluster, we partially repeat the same information instead of obtaining new information, and that gives us less precision for estimates of population quantities. Cluster sampling is used in practice because it is usually much cheaper and more convenient to sample in clusters than to sample randomly in the population. Almost all large household surveys carried out by the U.S. government, by commercial or academic institutions, use cluster sampling because of the cost saving.

a. Notation used for cluster sampling

N = total number of PSUs (primary sampling units) in the population.

n = number of selected sample PSUs.

M = EQ \A(N,å,i=1)M\S\do4(i) = total number of elementary units (secondary sampling units) in the population, where Mi = number of SSUs in the ith PSU (cluster)

m = EQ \A(n,å,i=1)m\S\do4(i)= total number of second-stage units (SSUs) in the sample, where mi = number of SSUs selected in the ith PSU, i = 1,...,n
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= average number of SSUs per PSU in the population or average cluster size.
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 = average number of SSUs per sample PSU

EQ Y\S\do4(ij) = value of a characteristic for the jth elementary unit in the ith PSU in the population

EQ Y\S\do4(i) = \A(M\S\do4(i),å,j=1)Y\S\do4(ij)= total value of the characteristic in the ith PSU in the population

EQ Y = \A(N,å,i=1)Y\S\do4(i) = total value of the characteristic in the population
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  = average value of the population  characteristic in the ith PSU
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 = average value of the characteristic per PSU (cluster) in the population
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   = Population mean per unit.

EQ y\S\do4(ij)= value of the characteristic for the jth sample SSU in the ith sample PSU

EQ y\S\do4(i) = \A(m\S\do4(i),å,j=1)y\S\do4(ij) = total value of characteristic in the ith sample PSU


[image: image63.wmf]1

1

i

ij

i

j

i

m

y

y

m

=

=

å

 = sample average of the characteristic in the ith sample PSU

EQ S\S(\S\up4(2),\S\do4(b)) = \F(1,N-1) \A(N,å,i=1)(Y\S\do4(i)-Y\S\do4(c))\S\up4(2) = Population variance between PSU totals

EQ S\S(\S\up4(2),\S\do4(wi)) = \F(1,M\S\do4(i)-1) \A(M\S\do4(i),å,j=1)(Y\S\do4(ij)-Y\S\do4(i))\S\up4(2) = within PSU variance in the ith PSU (for population).

b. Sample Selection (in cluster sampling)

Within each stratum (zone), weredas are selected using SRS.  All towns within a selected wereda are used, with a cluster of households (SSU) being selected using SRS.  For simplicity, we assume that a Dwelling unit (DU) = a household (hh).

In the syntax shown in Appendix D, the parameter STRATA= id02_zone indicates the stratification variable; CLUSTER= id03_ Wereda is used to identify the weredas (PSU); and STRATA= id04_town indicates the towns in the selected PSU’s.  After, we select the households which is indicated in CLUSTER= id05_kef id07_keb id08_ea id12_hh.  The RATE VALUE is used to specify the sampling rate.

Table 2.8.3a Summary for Stage 1:  selection of PSU (Wereda)

	ID02_ZONE
	Number of Units Sampled


	Proportion of Units Sampled



	1
	5


	50.0%



	2
	5


	50.0%



	3
	4


	50.0%



	4
	5


	50.0%




Table 2.8.3a indicates the number of PSU’s selected in each zone.

Table 2.8.3b Summary for Stage 2 for selecting SSU (Household) within each town of each PSU (Wereda) selected

	ZONE
	WEREDA
	TOWN
	Number of Units Sampled
	
	Proportion of Units Sampled
	

	
	
	
	Requested
	Actual
	Requested
	Actual

	1
	1
	1
	79
	79
	10.00%
	10.00%

	
	
	2
	10
	10
	10.00%
	9.60%

	
	
	8
	167
	167
	10.00%
	10.00%

	
	2
	1
	5
	5
	10.00%
	10.00%

	
	
	2
	8
	8
	10.00%
	9.50%

	
	
	3
	10
	10
	10.00%
	9.80%

	
	
	4
	42
	42
	10.00%
	9.90%

	
	
	8
	289
	289
	10.00%
	10.00%

	
	3
	1
	9
	9
	10.00%
	10.10%

	
	
	2
	25
	25
	10.00%
	10.00%

	
	
	8
	309
	309
	10.00%
	10.00%

	
	4
	1
	130
	130
	10.00%
	10.00%

	
	
	2
	4
	4
	10.00%
	9.10%

	
	
	8
	247
	247
	10.00%
	10.00%

	
	9
	1
	2
	2
	10.00%
	11.80%

	
	
	8
	251
	251
	10.00%
	10.00%

	2
	2
	1
	4
	4
	10.00%
	9.80%

	
	
	2
	27
	27
	10.00%
	10.10%

	
	
	3
	2
	2
	10.00%
	8.30%

	
	
	4
	9
	9
	10.00%
	10.30%

	
	
	8
	553
	553
	10.00%
	10.00%

	
	3
	1
	7
	7
	10.00%
	9.70%

	
	
	2
	11
	11
	10.00%
	9.90%

	
	
	3
	10
	10
	10.00%
	9.60%

	
	
	8
	481
	481
	10.00%
	10.00%

	
	6
	1
	7
	7
	10.00%
	10.80%

	
	
	2
	24
	24
	10.00%
	9.80%

	
	
	8
	325
	325
	10.00%
	10.00%

	
	7
	1
	7
	7
	10.00%
	10.60%

	
	
	8
	362
	362
	10.00%
	10.00%

	
	8
	1
	5
	5
	10.00%
	9.80%

	
	
	2
	45
	45
	10.00%
	10.00%

	
	
	3
	2
	2
	10.00%
	13.30%

	
	
	8
	451
	451
	10.00%
	10.00%


	3
	1
	1
	28
	28
	10.00%
	10.20%

	
	
	2
	2
	2
	10.00%
	10.50%

	
	
	8
	305
	305
	10.00%
	10.00%

	
	3
	1
	25
	25
	10.00%
	10.00%

	
	
	2
	30
	30
	10.00%
	10.00%

	
	
	8
	398
	398
	10.00%
	10.00%

	
	4
	1
	179
	179
	10.00%
	10.00%

	
	
	2
	13
	13
	10.00%
	10.40%

	
	
	8
	361
	361
	10.00%
	10.00%

	
	5
	1
	18
	18
	10.00%
	10.10%

	
	
	2
	3
	3
	10.00%
	9.40%

	
	
	8
	388
	388
	10.00%
	10.00%

	4
	3
	1
	4
	4
	10.00%
	9.30%

	
	
	2
	35
	35
	10.00%
	9.90%

	
	
	3
	13
	13
	10.00%
	10.10%

	
	
	8
	483
	483
	10.00%
	10.00%

	
	4
	1
	6
	6
	10.00%
	10.00%

	
	
	2
	24
	24
	10.00%
	10.10%

	
	
	3
	7
	7
	10.00%
	10.00%

	
	
	8
	366
	366
	10.00%
	10.00%

	
	7
	1
	136
	136
	10.00%
	10.00%

	
	
	2
	33
	33
	10.00%
	10.20%

	
	
	8
	306
	306
	10.00%
	10.00%

	
	8
	1
	2
	2
	10.00%
	9.10%

	
	
	2
	90
	90
	10.00%
	10.00%

	
	
	8
	540
	540
	10.00%
	10.00%

	
	9
	1
	459
	459
	10.00%
	10.00%


Table 2.8.3b shows the number of households (SSU’s) selected in each town in the selected Weredas (PSU’s) in each zone.

c. Sampling weights in a Cluster sampling design

As stated above, the sampling weight is the reciprocal of probability of selection. Thus, P(jth SSU in ith PSU is selected) = P(ith PSU selected) * P(jth SSU selected)/ith PSU selected) 
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Where
N  =  number of PSU’s in the population.



Mi = number of SSU’s in ith PSU.



  n  = number of PSU’s in the sample.



mi = number of elements in the sample from the ith PSU.

d. Estimation of population means and totals

We consider a two-stage design in which the second stage units are the units of analysis; n clusters are selected from the N clusters by SRS; and mi units are selected in the ith PSU using simple random sampling for i = 1, ... , mi.

Within the ith cluster, the population mean per unit is given by
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Since the units within the cluster were selected by SRS, we can estimate this mean without bias, using:
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These estimates of the cluster unit means from the n sample clusters must then be combined to estimate the overall population total (Y) and the population mean per unit 
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. A number of estimators are available and are discussed in most standard texts:  we shall examine only one of these.

First, we shall construct an estimator for the population total for the Y-characteristic. An unbiased estimator for Yi, the ith PSU total is given by:             
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An unbiased estimator for the population total is then given by 
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Similarly, we can estimate the total number of units of analysis in the population (assuming that we do not know it) by
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The population mean per unit is 
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An estimator of 
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As we can see, this estimator is a weighted mean of the n sample cluster means per unit where the weights are the corresponding cluster sizes.

2.8.4 Systematic Sampling

The work necessary to draw a SRS can be quite burdensome when the number of units to be selected is large.  For example, to get a 5 percent sample of 20,000 elements, it would be necessary to select 1,000 random numbers from a table of random numbers and then to select the designated units from the population, and then locate the units. In practice, most statisticians prefer a different method.  A sample of this size is usually drawn by taking a random number between 1 and 20, then taking every 20th element thereafter.  Thus, if the random number is 3, the elements taken will be 3, 23, 43, 63, and so on up to 19,983.  The reciprocal of the sampling rate (20 in this case) is called the sampling interval.  The method of estimating the mean, total, or a proportion is the same as for SRS.

This type of sampling is called systematic sampling.  It is not the same as SRS, but it is an acceptable sampling method because the chance of selecting any one element is known and we can calculate the standard errors under certain assumptions.

If the elements in the population are arranged in a nearly random order (that is, with very little correlation between successive elements), the results of systematic sampling will be in close agreement with those of simple random sampling.  Experience shows that, generally, the two methods will give results of roughly the same accuracy (Cochran, 1977).  The systematic sample will often have a somewhat smaller sampling error, since it will make certain the sample will be spread throughout the population.  

a. Notation used for systematic sampling

As for SRS.

Variance estimation:  Since a systematic sample can be seem as drawing a single cluster sample, the variance cannot be estimated, unless some assumptions are made about the structure of the population.  

The systematic sample will often have a somewhat smaller sampling error, since it will make certain the sample will be spread throughout the population.  We may make use of the formulas for simple random sampling to evaluate the reliability of estimates from a systematic sample; the result will usually somewhat overstate the standard error for systematic sampling (Wolter, 1984).  In other words, we will underestimate, slightly, the reliability of the estimates.  

There are different approaches to solving the problem of the estimation of the variance are considered in the literature, generally based on  some assumptions about the internal structure of the population. Cochran (1977) states that, If one can assume  that the population is listed in random order, one can treat this as if it were a SRS.  Methods that can be used when randomness cannot be assumed, such as when there is a trend in the response variable over the ordering of the population, are also found in Cochran (1977).  These sometimes give an overestimate of the variance in practice.  Formulae and examples for each of the assumptions are given in Cochran (1977, pp207-226). Wolter (1984) compares 8 estimators, both theoretically and empirically, based on several real populations. If there is a trend or autocorrelation in the population or stratification, then methods based on successive differences are recommended.

b. Sample selection (in systematic sampling)

The SPSS syntax for the sample selection and estimation will be similar to SRS, but we should specify the plan file for systematic sampling (SysS).

c. Sampling weights in a systematic sample design

As for SRS.
d. Estimation of population means and totals

As for SRS.

Chapter 3: Literature Review

This chapter compares the performance of different sampling methods, and the issues involved, as discussed in the literature.  Given the succinct comments by various world-renowned experts, these are quoted initially.  The comments are then summarised, with respect to the requirements of this study.

3.1 Performance of probability sampling methods

This section reviews comments made by Cochran (1977), Lohr (1999), and Kish (1965) as to when and where to apply specific sampling designs and the pros and cons of different sampling methods to achieve a representative sample and reasonable results from a survey. 
· When there is little information about the population, say only a list of observations as a sampling frame, SRS or systematic sampling are probably the best probability sampling strategies to use.  Systematic sampling can be used to ensure a geographic spread, if the population is listed in geographic order.

·  Cluster sampling can cut down on costs such as travelling time, which is important in populations distributed over large areas, or when there are problems of getting to areas.  It is also useful when no detailed sampling frame exists, such as a list of school children, but the list of schools does exist.  Creating the list of school children would be expensive. But clusters are usually more homogeneous that the full population, so there is some loss of information.  When the variability of between the clusters is high, and the observations within clusters are relatively homogenous, one stage sampling is much less efficient than simple random sampling

· Most surveys need to provide results for subdivisions of the population, such as province or district.  Stratification will allow us to obtain results with the required precision in the different areas.  Since respondents within strata are often more homogeneous than the full population, using stratification may lead to in improvement in precision. One may also want to stratify at the regional office level, for ease of administration.  Stratification is necessary when different sampling methods are necessary, such as when surveying prisons, hospitals and hotels.

· As noted in 2.8.4, there may be problems with systematic sampling if the data are not in random order.  The problems listed in standard texts relate to bias and problems with precision when the data are not in random order.  There may be a linear trend, such as a fertility gradient in a field.  A periodic trend may occur in the case of sampling houses in a street, if every 6th house is on a corner stand, and the stepsize is 6 – you would then get either a sample with no corner stands, or one with only corner stands.  

As we can see from the above comments, there is no method that is uniformly superior. But the type of survey, the research interest, available information and resources are the basic factors determining the selection of the type of sampling methods. Since the sampling frame is clear and we have a list of households from the Tigray region as a sampling frame, a random sample of households will be selected from the frame using different probability sampling methods.

3.2 Use of Auxiliary Information 

A sampling frame, i.e. a list or register of the population from which the sample is drawn, often includes additional information on the structure of the population. This information can be useful in the construction of the sampling design and in improving the efficiency of estimation for the actual sample for stratified and cluster sampling. Auxiliary information can also be taken from other sources such as registers, databases and official statistics. To be useful, auxiliary information should be related to the variation of the main study variables. Therefore, during the sampling phase, auxiliary information is used primarily in descriptive surveys where a small number of study variables are considered. In addition to descriptive surveys, increasing use is being made of auxiliary information in analytical surveys. SRS, systematic sampling and pps sampling  are considered. Much of the difference between the techniques can be seen in terms of the use of auxiliary information. Cochran (1977), Lohr (1999) and Kish (1965) summarise the use of auxiliary information in different probability sampling designs as follows:

a) “Simple random sampling (SRS) The sample is drawn without using auxiliary information on the population. Therefore, a simple random sampling scheme provides a reference when assessing the gain from the use of auxiliary information in more complex designs or in improving the estimation.” (Kish, 1965, 258-260). This is the reason why the design effect always relates to a SRS design.

b) “Systematic sampling (SysS) Auxiliary information is used in the form of the list order of population elements in the sampling frame. For example, if the values of the study variable increase with the list order, then systematic sampling appears to be more efficient than simple random sampling. Intra-class correlation, an additional parameter in the design variance of an estimator, provides a measure of the correlation between list order and the values of the study variable.” (Cochran, 1977, p205)

c) Stratified sampling (STR) Auxiliary information is used to define the  non-overlapping  strata.  “The total standard error is the sum of the stratum-wise standard errors. If a large share of the total variation of the study variable is captured by the variation between the strata, then stratified sampling can be more efficient than simple random sampling.” (Cochran, 1977, p89).

d) Cluster sampling Auxiliary information is used to define the clusters.  In  the usual case of internally homogenous clusters, cluster sampling is less efficient than simple random sampling for the same sample size. The intra-cluster correlation coefficient can be used to measure the internal homogeneity of the clusters.

Auxiliary information recorded from the population elements can be successfully used in designing a manageable and efficient sampling design and further sample selection, to further improve the efficiency of the estimators. In the above sampling techniques (excluding simple random sampling) auxiliary information can be used in the construction of the sampling design and for a given sample, to improve the efficiency. As a rule sampling error can be decreased by the proper use of auxiliary information (Lohr, 1999).

3.3
Design Effects

The design effect or DEFF is the ratio of the variance of the estimate obtained from the more complex sample to the variance of the estimate obtained from a simple random sample of the same size.  For instance, if EQ Var\S\do4(D)(y\d\fo1()) is the variance of the estimate, say EQ y, obtained from a complex sample, and EQ \F(N\d\fo1()-\d\fo1()n,N)\d\fo1()\F(S\S\up4(2),n) is the variance of the same estimate based on a simple random sampling, then

            EQ DEFF = \F(Var\S\do4(D)(y\d\fo1()),\F((N\d\fo1()-\d\fo1()n),N)\d\fo1()\F(S\S\up4(2),n))         And   EQ Var\S\do4(D)(y\d\fo1()) = (\F(N\d\fo1()-\d\fo1()n,N)\d\fo1()\F(S\S\up4(2),n))\d\fo1()(DEFF)
Where VarD = variance obtained from the more complex design

This approach is commonly used by practical samplers.  For many situations where we can not estimate directly the variance of the estimate, we may be able to guess fairly well both the element variance S2 and DEFF from experience with similar past data.  This comprehensive factor attempts to summarize the effects of various complexities in the sample design especially those of clustering (Lehtonen and Pahkinen, 1996)

As a rule, a sampling design is equally as efficient as simple random sampling if DEFF is equal to one, more efficient if DEFF is less than one and less efficient if DEFF is greater than one. The efficiencies of different sampling designs or strategies will be compared by using a design-effect statistic based on either of the definitions given above.”

3.4 Some examples of common surveys

The following section outlines some surveys that have been done by different researchers and organisations.

There is a growing literature on how to approach the design of a survey to measure the living standard of households. Such surveys are invariably used to estimate consumption poverty. For this, accurate measures of consumption are called for.  These measures need to be  consistent over time if poverty trends are to be estimated. Approaches to survey designs (sampling, questionnaire design, drawing samples or panels etc) vary between countries. Most poverty measures are derived from estimates of household consumption; however there are challenges in gathering data on consumption that are not often appreciated by data users and analysts. (World Bank, 2002). Sample designs differ between  countries. For example, one of the East African countries, Uganda, has formed a panel using 1992 and 1999 surveys, and its experience is found to be practical (Lawson, Hulme and Muwonge, 2007). 

In the animal population study area, Kraft et al (1995) found that, if the study area habitat is heterogeneous and reliable current information is available, managers should stratify the study area and use approximately optimal allocation. However, managers should be alert to problems with confidence interval coverage. According to them if animals tend to concentrate in one stratum, then complete counting in that stratum may give precise estimates for that stratum, but poor confidence interval coverage for some combinations of strata.

Kraft et al (1995) further stated that choosing a sampling plan and estimator has often been based on familiarity with the situation rather than theory. Although no single combination of sampling plan and estimator is best for all situations, an informed choice can be made. Once the relative importance of accuracy, confidence interval coverage, and cost is determined, then these can be used to help managers decide which sampling plan and estimator are most appropriate. 

Luman, Worku, Berhane, Martin and Cairns (2007) in their comparison of two survey methodologies to assess vaccination coverage, found out that, as immunization programmes become well established, the objective of vaccination coverage surveys shifts from producing rough estimates of coverage to producing the more precise estimates needed to measure the degree of population immunity, demonstrate trends over time and make comparisons between areas. They further suggest, countries approaching national, regional and international immunization goals must document success and measure relatively small increases in coverage; thus, greater precision and accuracy are crucial, and limitations of the Expanded Program on Immunization (EPI) sampling design are increasingly apparent (EPI is the cluster survey methodology developed by the World Health Organization). Luman et al (2007) concluding their study they highlight, Because of the methodological advantages and demonstrated feasibility, SysS would be preferred to EPI sampling in most situations. 

Luman et al (2007) found that SysS was not cost-prohibitive nor overly complex to implement in this geographically challenging setting. The time required to implement the two sampling methods EPI vs SysS was nearly equal, especially after adjusting for the larger sample sizes of SysS. Cost was also identical; interviewers received the same amount of training and completed the survey in the same number of days.

Although their study suggested that the populations identified through SysS and through EPI sampling were subtly different from each other, vaccination coverage estimates were fairly similar for the two methodologies. It is important to bear in mind, however, that these results are highly dependent on the geographic and demographic characteristics of the communities surveyed. They agreed that additional comparison studies should be conducted in highly urban settings as well as in settings with moderate vaccination coverage.

Rose, Grais, Coulombier and Ritter (2006) indicate, in their comparison of cluster and systematic sampling methods for measuring crude mortality in Serif Umra in north Darfur, Sudan by conducting a survey. According the survey results, that both methods yielded a similar result. However mortality, in their study area, was not above the emergency threshold and it is possible that in areas of high mortality, the cluster technique might prove less suitable. They confirm that options such as systematic (or even exhaustive) surveys are not often considered, and cluster surveys may be conducted almost automatically. They also suggest that other options can be as good as the cluster survey depending on the field conditions, although these options need to be validated. If the geographical setting permits field teams to cover the area being surveyed in a systematic way, the systematic survey method can provide more robust estimates, with time savings in both training and implementation.

Rose et al (2006) have planned further studies in which several alternatives to the cluster method will be investigated fully, especially in areas with high mortality rates (above emergency thresholds) the area selected for this study was not above the emergency threshold and it is possible that in areas of high mortality, the cluster sample might prove is less suitable. These may highlight differences between methods.

A simulation study was done by Byczkowski and Levy (2005) to assess the effects of frame imperfections, (that is, units in the frame are associated with multiple target population elements, and target population elements are associated with multiple frame units), on estimates of population totals of using SRS and stratified sampling. They found the simulation to be both informative and remarkably consistent in its patterns. These patterns clearly point to some underlying relationship between several population and frame characteristics, on one hand, and the variance of the estimators on the other hand. These phenomena suggest situations in which survey methodologists might exploit their knowledge of, or speculate about, these characteristics in planning an appropriate sampling strategy and compel further investigation. 

An important issue in the development of a sampling plan is cost. A cost model would be a useful tool to the sample surveyor to determine which is more cost effective; using the imperfect frame as is, or developing a perfect frame. Costs to be considered include: (1) data collection costs, (2) the cost of collecting additional data needed to adjust for any imperfections, (3) the cost of potential loss/gain in precision, (4) the cost of canvassing, and (5) the cost of any increased sample size due to a frame's imperfections (Byczkowski and Levy, 2005).  This must be contrasted with the cost of obtaining poor estimates.

Their suggestions for future research include: (1) conducting a similar simulation study that focuses on the population mean since in this study the investigation on the population total was considered and (2) expanding this study to address the complex many-to-many sampling frame (units in the frame are associated with multiple target population elements, and target population elements are associated with multiple frame units). Multiple target pop elements are those population elements that do not have a one-to one correspondence with the frame units.

CHAPTER 4:  Presentation and Analysis of Data

4.1
Introduction

Chapter 2 outlined the overall procedure of selecting a sample, estimation using different probability sampling techniques and using different sample sizes.  

In this chapter, the results of the sample estimates obtained from the different sampling techniques will be compared to the population parameters. The assessment of sample results will first be done by looking at individual variables of interest in each of different sample sizes (1%, 5% and 10% of the total population) separately for each sampling technique. The next chapter will look at the comparison between different techniques (for the same population size) to investigate the effect of the sampling design on estimates of the population parameter.

As expected, the results show that the bigger the sample size, the closer the estimates are to the population parameter.  The population value is within the 95% confidence interval in almost all cases, indicating that 1% sample size is generally adequate, for the variables investigated.  This seems to indicate that it does not matter which sampling technique is used, when the sample size is at least 1%.

The following tables show the population values for each of the variables of interest. 

4.2 Simple random sampling

Table 4.2.1 shows the results of a 1% sample obtained using a SRS design.

The estimate of the average age is 22.19 years. The standard error of this estimate is 0.232 years, the coefficient of variation is 0.010, and the 95% confidence interval for the age is from 21.74 to 22.65.  The population value is 22.46, which falls within the 95% confidence interval of the current estimate.

Other analysis variables are gender, school attendance and source of water supply. They are analysed as categorical variables, estimating the relative frequency or proportion for each level or category. These estimates are displayed in the estimate column of table 4.2.1. It is estimated that 49.6% of the population are male, while 50.4% of the population are females. The standard error of the estimate is 0.5.

Table 4.2.1 Estimation of the population mean and proportion for selected variables using a 1% sample (1440 households)

	 
	Population  parameter 
	Estimate
	S E

 
	95% Confidence Interval
	C V

 

	
	
	
	
	Lower
	Upper
	

	Mean
	AGE
	22.46
	22.19
	.232
	21.74
	22.65
	.010

	Gender


	MALE
	49.5
	49.6
	.5
	48.5
	50.7
	.011

	
	FEMALE
	50.5
	50.4
	.5
	49.3
	51.5
	.011

	School Attendance

 
	PRE-SCHOOL
	.215
	.3
	.1
	.2
	.5
	.288

	
	GRADE ONE
	1.954
	2.2
	.2
	1.8
	2.7
	.101

	
	GRADE TWO
	2.544
	2.5
	.2
	2.1
	3.0
	.090

	
	GRADE THREE
	2.508
	2.2
	.2
	1.8
	2.6
	.100

	
	GRADE FOUR
	2.241
	2.1
	.2
	1.7
	2.6
	.100

	
	GRADE FIVE
	1.055
	.9
	.1
	.7
	1.2
	.145

	
	GRADE SIX
	.841
	.8
	.1
	.6
	1.1
	.171

	
	GRADE SEVEN
	.563
	.4
	.1
	.3
	.7
	.228

	
	GRADE EIGHT
	.464
	.3
	.1
	.2
	.5
	.253

	
	GRADE NINE
	.317
	.3
	.1
	.2
	.5
	.287

	
	GRADE TEN
	.208
	.2
	.1
	.1
	.4
	.371

	
	GRADE ELEVEN
	.191
	.1
	.0
	.1
	.3
	.405

	
	GRADE TWELVE
	.280
	.2
	.1
	.1
	.5
	.351

	
	CERTIFICATE
	.090
	.2
	.1
	.1
	.4
	.372

	
	DIPLOMA
	.037
	.0
	.0
	.0
	.1
	.996

	
	DEGREE
	.016
	*
	*
	*
	*
	*

	
	POST GRADUATE
	.009
	*
	*
	*
	*
	*

	
	NON_REGULAR
	1.679
	2.2
	.4
	1.5
	3.2
	.197

	
	ATTENDED_PAST
	6.532
	6.1
	.4
	5.4
	6.9
	.060

	
	NEVER ATTENDED
	78.258
	78.9
	.9
	77.1
	80.5
	.011

	Source of Water
	TAP
	3.2
	3.9
	.6
	2.9
	5.1
	.142

	
	PROTECTED WELL
	7.5
	6.5
	.7
	5.2
	8.0
	.109

	
	UNPROTECTED WELL
	41.0
	43.0
	1.4
	40.2
	45.8
	.033

	
	RIVER
	48.3
	46.7
	1.4
	43.9
	49.5
	.031


* in the table indicates no values in the cell for this sample size
Table 4.2.2 Estimates for the population mean and proportion for selected variables using a 5% sample of households (7206 households), under SRS.

	 
	Population Parameter

 
	Estimate
	Standard Error
	95% Confidence Interval
	Coefficient of Variation

 

	
	
	
	 
	Lower
	Upper
	

	Mean
	AGE
	22.46
	22.33
	.109
	22.11
	22.54
	.005

	Gender

 
	MALE
	49.5
	50.1
	.4
	49.4
	50.9
	.007

	
	FEMALE
	50.5
	49.9
	.4
	49.1
	50.6
	.007

	School Attendance

School Attendance
	PRE-SCHOOL
	.215
	.2
	.0
	.2
	.3
	.130

	
	GRADE ONE
	1.954
	2.1
	.1
	1.9
	2.4
	.056

	
	GRADE TWO
	2.544
	2.5
	.1
	2.3
	2.7
	.042

	
	GRADE THREE
	2.508
	2.6
	.1
	2.4
	2.8
	.042

	
	GRADE FOUR
	2.241
	2.2
	.1
	2.0
	2.4
	.044

	
	GRADE FIVE
	1.055
	1.1
	.1
	1.0
	1.3
	.071

	
	GRADE SIX
	.841
	.8
	.1
	.6
	.9
	.102

	
	GRADE SEVEN
	.563
	.6
	.1
	.4
	.8
	.163

	
	GRADE EIGHT
	.464
	.4
	.0
	.4
	.5
	.112

	
	GRADE NINE
	.317
	.4
	.0
	.3
	.5
	.138

	
	GRADE TEN
	.208
	.3
	.0
	.2
	.3
	.124

	
	GRADE ELEVEN
	.191
	.2
	.0
	.1
	.3
	.169

	
	GRADE TWELVE
	.280
	.3
	.0
	.2
	.4
	.128

	
	CERTIFICATE
	.090
	.1
	.0
	.1
	.2
	.210

	
	DIPLOMA
	.037
	.3
	.3
	.1
	1.9
	.874

	
	DEGREE
	.016
	.1
	.1
	.0
	.8
	.974

	
	POST GRADUATE
	.009
	.0
	.0
	.0
	.0
	.689

	
	NON_REGULAR
	1.679
	1.9
	.2
	1.5
	2.4
	.129

	
	ATTENDED_PAST
	6.532
	6.4
	.3
	6.0
	7.0
	.039

	
	NEVER ATTENDED
	78.258
	77.5
	.6
	76.2
	78.7
	.008

	Source of Water
	TAP
	3.2
	3.4
	.2
	3.0
	3.9
	.067

	
	PROTECTED WELL
	7.5
	7.0
	.3
	6.4
	7.7
	.046

	
	UNPROTECTED WELL
	41.0
	40.6
	.6
	39.4
	41.8
	.015

	
	RIVER
	48.3
	49.0
	.6
	47.8
	50.2
	.013


Table 4.2.3 Estimation for the population mean and proportion for selected variables for a 10% sample of households (14 441)

	 
	Population Parameter

 
	Estimate
	Standard Error
	95% Confidence Interval
	Coefficient of Variation

 

	
	
	
	 
	Lower
	Upper
	

	Mean
	AGE
	22.46
	22.54
	.078
	22.38
	22.69
	.003

	Gender
	MALE
	49.5
	49.5
	.2
	49.1
	50.0
	.005

	
	FEMALE
	50.5
	50.5
	.2
	50.0
	50.9
	.005

	School Attendance
	PRE-SCHOOL
	.215
	.2
	.0
	.2
	.3
	.088

	
	GRADE ONE
	1.954
	1.9
	.1
	1.8
	2.1
	.039

	
	GRADE TWO
	2.544
	2.5
	.1
	2.4
	2.7
	.030

	
	GRADE THREE
	2.508
	2.5
	.1
	2.4
	2.7
	.030

	
	GRADE FOUR
	2.241
	2.3
	.1
	2.2
	2.4
	.032

	
	GRADE FIVE
	1.055
	1.0
	.1
	.9
	1.1
	.058

	
	GRADE SIX
	.841
	.8
	.1
	.7
	.9
	.070

	
	GRADE SEVEN
	.563
	.6
	.0
	.5
	.7
	.073

	
	GRADE EIGHT
	.464
	.4
	.0
	.3
	.5
	.077

	
	GRADE NINE
	.317
	.3
	.0
	.2
	.4
	.113

	
	GRADE TEN
	.208
	.2
	.0
	.2
	.3
	.122

	
	GRADE ELEVEN
	.191
	.2
	.0
	.2
	.3
	.133

	
	GRADE TWELVE
	.280
	.3
	.0
	.2
	.4
	.109

	
	CERTIFICATE
	.090
	.1
	.0
	.0
	.1
	.232

	
	DIPLOMA
	.037
	.0
	.0
	.0
	.0
	.355

	
	DEGREE
	.016
	.0
	.0
	.0
	.2
	.707

	
	POST GRADUATE
	.009
	.0
	.0
	.0
	.0
	.548

	
	NON_REGULAR
	1.679
	1.7
	.1
	1.5
	1.9
	.066

	
	ATTENDED_PAST
	6.532
	6.7
	.2
	6.2
	7.2
	.037

	
	NEVER ATTENDED
	78.258
	78.2
	.4
	77.4
	79.0
	.005

	Source of Water
	TAP
	3.2
	3.3
	.2
	3.0
	3.6
	.047

	
	PROTECTED WELL
	7.5
	7.5
	.2
	7.1
	8.0
	.031

	
	UNPROTECTED WELL
	41.0
	41.2
	.4
	40.4
	42.1
	.010

	
	RIVER
	48.3
	48.0
	.4
	47.1
	48.8
	.009


It can be seen that the 95% confidence interval from the sample includes the true population parameter in all cases.  As the sample size increases, the precision improves, as expected – the standard errors for the 10% sample are approximately those of the 1% sample, divided by 
[image: image77.wmf]10

. Also, as expected, the coefficient of variation decreases as the sample size increases.

These tables may be summarised as follows:

Table 4.2.4 Summary of the population mean and proportion for selected variables by  sample size

	
	1% Sample
	5% Sample
	10% Sample

	
	Mean
	Standard Error 
	Mean
	Standard Error 
	Mean
	Standard Error 

	
	AGE
	22.19
	.232
	22.33
	.109
	22.54
	.078

	Gender
	MALE
	49.6
	.5
	50.1
	.4
	49.5
	.2

	
	FEMALE
	50.4
	.5
	49.9
	.4
	50.5
	.2

	School Attendance

 
	PRE-SCHOOL
	.3
	.1
	.2
	.0
	.2
	.0

	
	GRADE ONE
	2.2
	.2
	2.1
	.1
	1.9
	.1

	
	GRADE TWO
	2.5
	.2
	2.5
	.1
	2.5
	.1

	
	GRADE THREE
	2.2
	.2
	2.6
	.1
	2.5
	.1

	
	GRADE FOUR
	2.1
	.2
	2.2
	.1
	2.3
	.1

	
	GRADE FIVE
	.9
	.1
	1.1
	.1
	1.0
	.1

	
	GRADE SIX
	.8
	.1
	.8
	.1
	.8
	.1

	
	GRADE SEVEN
	.4
	.1
	.6
	.1
	.6
	.0

	
	GRADE EIGHT
	.3
	.1
	.4
	.0
	.4
	.0

	
	GRADE NINE
	.3
	.1
	.4
	.0
	.3
	.0

	
	GRADE TEN
	.2
	.1
	.3
	.0
	.2
	.0

	
	GRADE ELEVEN
	.1
	.0
	.2
	.0
	.2
	.0

	
	GRADE TWELVE
	.2
	.1
	.3
	.0
	.3
	.0

	
	CERTIFICATE
	.2
	.1
	.1
	.0
	.1
	.0

	
	DIPLOMA
	.0
	.0
	.3
	.3
	.0
	.0

	
	DEGREE
	*
	*
	.1
	.1
	.0
	.0

	
	POST GRADUATE
	*
	*
	.0
	.0
	.0
	.0

	
	NON_REGULAR
	2.2
	.4
	1.9
	.2
	1.7
	.1

	
	ATTENDED_PAST
	6.1
	.4
	6.4
	.3
	6.7
	.2

	
	NEVER ATTENDED
	78.9
	.9
	77.5
	.6
	78.2
	.4

	Source of Water

 
	TAP
	3.9
	.6
	3.4
	.2
	3.3
	.2

	
	PROTECTED WELL
	6.5
	.7
	7.0
	.3
	7.5
	.2

	
	UNPROTECTED WELL
	43.0
	1.4
	40.6
	.6
	41.2
	.4

	
	RIVER
	46.7
	1.4
	49.0
	.6
	48.0
	.4


4.3 Systematic sampling 

Table 4.3.1 shows the summary results of 1%, 5% and 10% samples obtained using a systematic sampling technique. Detailed results are presented in Appendix A, page 120.

Table 4.3.1 Results of systematic sampling for population mean and proportion for selected analysis variables

	
	1% Sample
	5% Sample
	10% Sample

	
	Mean
	Standard Error 
	Mean
	Standard Error 
	Mean
	Standard Error 

	
	AGE
	22.63
	.238
	22.48
	.117
	22.43
	.077

	Gender
	MALE
	49.2
	.6
	49.4
	.4
	49.3
	.2

	
	FEMALE
	50.8
	.6
	50.6
	.4
	50.7
	.2

	School Attendance

 
	PRE-SCHOOL
	.3
	.1
	.2
	.0
	.2
	.0

	
	GRADE ONE
	2.0
	.2
	2.1
	.1
	2.0
	.1

	
	GRADE TWO
	2.7
	.2
	2.6
	.1
	2.5
	.1

	
	GRADE THREE
	2.8
	.2
	2.4
	.1
	2.5
	.1

	
	GRADE FOUR
	2.3
	.2
	2.2
	.1
	2.2
	.1

	
	GRADE FIVE
	1.2
	.2
	1.0
	.1
	.9
	.0

	
	GRADE SIX
	.8
	.1
	.9
	.1
	.8
	.1

	
	GRADE SEVEN
	.6
	.1
	.6
	.1
	.6
	.0

	
	GRADE EIGHT
	.2
	.1
	.4
	.0
	.5
	.0

	
	GRADE NINE
	.2
	.1
	.3
	.0
	.4
	.0

	
	GRADE TEN
	.2
	.1
	.2
	.0
	.2
	.0

	
	GRADE ELEVEN
	.2
	.1
	.2
	.0
	.2
	.0

	
	GRADE TWELVE
	.3
	.1
	.3
	.0
	.3
	.0

	
	CERTIFICATE
	.1
	.0
	.1
	.0
	.1
	.0

	
	DIPLOMA
	.1
	.1
	.0
	.0
	.0
	.0

	
	DEGREE
	*
	*
	.0
	.0
	.0
	.0

	
	POST GRADUATE
	*
	*
	.0
	.0
	.0
	.0

	
	NON_REGULAR
	1.2
	.2
	1.7
	.3
	1.5
	.1

	
	ATTENDED_PAST
	6.0
	.4
	6.9
	.4
	6.7
	.2

	
	NEVER ATTENDED
	78.8
	.8
	77.8
	.7
	78.5
	.4

	Source of Water

 
	TAP
	3.8
	.6
	3.1
	.2
	3.2
	.2

	
	PROTECTED WELL
	7.8
	.8
	7.3
	.3
	7.7
	.2

	
	UNPROTECTED WELL
	39.5
	1.4
	41.0
	.6
	40.7
	.5

	
	RIVER
	48.9
	1.5
	48.6
	.6
	48.4
	.5


* in the table indicates no values in the cell for the corresponding sample size 

From Table 4.3.1 the estimates of the average age are 22.63, 22.48 and 22.43 years respectively, the standard error of these estimates is 0.238, 0.117 and 0.077 years and the coefficient of variation is 0.011, 0.05 and 0.03 respectively. The variance is calculated in SPSS® and uses Taylor series linearization method. The detailed tables in Appendix A, page 120 show that the 95% confidence intervals for all sample sizes contain the true population parameter. From the mean age we can see that when the sample size increases the mean age estimate gets closer to the population parameter.

The categorical variables are analysed by estimating the relative frequency or proportion for each level or category. These estimates are displayed in the mean column of  Table 4.3.1. The table shows that 49.2%, 49.4%, 49.3% of the populations are male, while 50.8%, 50.6% and 50.7% of the population are females respectively. The standard errors of the estimates are 0.6, 0.4 and 0.2 respectively and from these we can see that the estimates for all sample size are close to the population parameter. We can also see that higher sample sizes give greater precision and give estimates that are closer to the population parameter, as expected. The confidence intervals for all sample sizes contain the population parameter. 

Table 4.3.1 also shows that 78.8%, 77.8% and 78.5% of the Tigray Region population is illiterate, and 6%, 6.9% and 6.7%  have attended an educational institution in the past. From these estimates we can see that when the sample size increases the precision also increases, as expected.  The confidence interval for all of the categories and for all sample size contains the population parameter. 

The estimates for the variable water source in this table also shows that only 3.8%, 3.2% and 3.2%  of the population of the region obtains  water from a tap, 7.85%, 7.3%  and 7.7%   from a protected well, 39.5%, 41% and 40.7%   from an unprotected well and 48.9, 48.6 and  48.4  from a river. These estimates show like other variables when the sample size increases the precision also increase and we can see also the confidence intervals for all the categories contain the true population parameter. 

4.4 Stratified sampling 

Table 4.4.1 Results of stratified sampling for population mean and proportion for selected analysis variables

	 
	1% Sample
	5% Sample
	10% Sample

	
	Mean
	Standard Error 
	Mean
	Standard Error 
	Mean
	Standard Error 

	
	AGE
	22.59
	.228
	22.69
	.118
	22.58
	.075

	Gender

 
	MALE
	48.1
	.5
	49.8
	.3
	49.7
	.2

	
	FEMALE
	51.9
	.5
	50.2
	.3
	50.3
	.2

	School Attendance

 
	PRE-SCHOOL
	.1
	.0
	.2
	.0
	.2
	.0

	
	GRADE ONE
	1.7
	.2
	1.9
	.1
	2.0
	.1

	
	GRADE TWO
	3.0
	.2
	2.4
	.1
	2.3
	.1

	
	GRADE THREE
	2.6
	.2
	2.5
	.1
	2.4
	.1

	
	GRADE FOUR
	2.2
	.2
	2.1
	.1
	2.1
	.1

	
	GRADE FIVE
	.9
	.1
	1.0
	.1
	1.0
	.0

	
	GRADE SIX
	.8
	.1
	.7
	.1
	.8
	.0

	
	GRADE SEVEN
	.6
	.1
	.6
	.1
	.5
	.0

	
	GRADE EIGHT
	.4
	.1
	.4
	.0
	.5
	.0

	
	GRADE NINE
	.3
	.1
	.3
	.0
	.3
	.0

	
	GRADE TEN
	.2
	.1
	.2
	.0
	.2
	.0

	
	GRADE ELEVEN
	.1
	.1
	.2
	.0
	.2
	.0

	
	GRADE TWELVE
	.3
	.1
	.3
	.0
	.3
	.0

	
	CERTIFICATE
	.1
	.0
	.1
	.0
	.1
	.0

	
	DIPLOMA
	.0
	.0
	.0
	.0
	.0
	.0

	
	DEGREE
	*
	*
	.0
	.0
	.0
	.0

	
	POST GRADUATE
	*
	*
	.0
	.0
	.0
	.0

	
	NON_REGULAR
	2.2
	.4
	1.8
	.2
	1.8
	.2

	
	ATTENDED_PAST
	6.2
	.4
	6.3
	.3
	6.7
	.3

	
	NEVER ATTENDED
	78.2
	.8
	78.9
	.5
	78.5
	.4

	Source of Water

 
	TAP
	2.4
	.4
	3.0
	.2
	3.1
	.2

	
	PROTECTED WELL
	8.1
	.8
	8.0
	.3
	7.6
	.2

	
	UNPROTECTED WELL
	38.6
	1.4
	40.4
	.6
	41.1
	.4

	
	RIVER
	50.9
	1.4
	48.6
	.6
	48.2
	.4


Table 4.4.1 displays the summary results of a stratified sampling technique using sample size of 1%, 5% and 10%.  From this table the estimates of the average age are 22.59, 22.69 and 22.58 years respectively, the standard error of these estimates is 0.228, 0.118 and 0.075 years and coefficient of variation is 0.010, 0.005 and 0.003 respectively. The detailed tables in Appendix A, page 121 show that the 95% confidence interval for all sample sizes contain the true population parameter and from the mean age we can see that when the sample size increase the mean age get closer to the population parameter and the standard error and coefficient of variation also decrease.

The categorical variables are analysed by estimating the relative frequency or proportion for each level or category. These estimates are displayed in the mean column of Table 4.4.1. The table shows that 48.1%, 49.8%, 49.7% of the populations are male, while 51.9%, 50.2% and 50.3% of the population are females respectively. The standard error of the estimate is 0.5, 0.3 and 0.2 respectively. From this table we can see that the estimates for all sample sizes are close to the population parameter, except for the 1% sample size. But from the estimates we can see for higher sample sizes, the greater the precision and get closer to the population parameter, the confidence intervals for all sample size contain the population parameter. 

Table 4.4.1 also shows that 78.2%, 78.9% and 78.5% of the Tigray Region population is illiterate, and that 6.2%, 6.3% and 6.7% have attended an educational institution in the past.   We can also see that all the estimates are close to the population parameter, and that the standard error decreases when the sample size increases, which indicates that when the sample size increases the precision also increases. The confidence interval for all of the categories and for all sample size contains the population parameter. The details for this parameter can be found in the Appendix B, page 121.

The estimates for the variable water source in this table also show that, only 2.4%, 3.0% and 3.1%  of the population of the region gets water from the tap, 8.1%, 8.0%  and 7.6%  from protected well, 38.6%, 40.4% and 41.1% from unprotected well and 50.9, 48.6 and  48.2  from river respectively, the above estimates shows like other variables when the sample size increases the estimates get close to the population parameter and the standard errors decreases when the sample size increases that give an indication the precision also increase, and we can see also the confidence intervals for all the categories contain the true population parameter. 

4.5 Cluster sampling 

Table 4.5.1 Results of cluster sampling for population mean and proportion for selected analysis variables

	
	1% Sample
	5% Sample
	10% Sample

	
	Mean
	Standard Error 
	Mean
	Standard Error 
	Mean
	Standard Error 

	
	AGE
	22.61
	.309
	22.30
	.165
	22.59
	.115

	Gender

 
	MALE
	48.5
	1.5
	48.9
	.4
	49.6
	.3

	
	FEMALE
	51.5
	1.5
	51.1
	.4
	50.4
	.3

	School Attendance

 
	PRE-SCHOOL
	.1
	.1
	.2
	.0
	.2
	.0

	
	GRADE ONE
	1.8
	.3
	1.9
	.3
	1.8
	.1

	
	GRADE TWO
	3.3
	.5
	2.3
	.2
	2.5
	.2

	
	GRADE THREE
	2.7
	.5
	2.4
	.3
	2.5
	.2

	
	GRADE FOUR
	2.3
	.3
	2.3
	.3
	2.3
	.2

	
	GRADE FIVE
	.8
	.2
	1.0
	.1
	1.0
	.1

	
	GRADE SIX
	1.0
	.3
	.7
	.1
	.7
	.1

	
	GRADE SEVEN
	.7
	.3
	.5
	.1
	.5
	.1

	
	GRADE EIGHT
	.6
	.3
	.4
	.1
	.4
	.1

	
	GRADE NINE
	.5
	.2
	.2
	.1
	.2
	.0

	
	GRADE TEN
	.4
	.1
	.3
	.0
	.1
	.0

	
	GRADE ELEVEN
	.4
	.2
	.2
	.1
	.2
	.0

	
	GRADE TWELVE
	.3
	.2
	.2
	.1
	.2
	.1

	
	CERTIFICATE
	.0
	.0
	.0
	.0
	.1
	.0

	
	DIPLOMA
	.0
	.0
	.0
	.0
	.0
	.0

	
	DEGREE
	.0
	.0
	*
	*
	.0
	.0

	
	POST GRADUATE
	.0
	.0
	*
	*
	.0
	.0

	
	NON_REGULAR
	1.6
	.3
	1.5
	.2
	1.6
	.1

	
	ATTENDED_PAST
	8.2
	1.9
	6.7
	.5
	7.0
	.8

	
	NEVER ATTENDED
	75.0
	3.6
	79.3
	1.7
	78.7
	1.7

	Source of Water

 
	TAP
	2.8
	.7
	2.2
	.4
	3.0
	.6

	
	PROTECTED WELL
	5.9
	1.0
	6.9
	.6
	7.3
	.6

	
	UNPROTECTED WELL
	39.1
	2.4
	40.5
	1.4
	40.5
	1.5

	
	RIVER
	52.2
	2.7
	50.4
	1.8
	49.2
	1.9


Table 4.5.1 displays the summary results of a cluster sampling technique using sample sizes of 1%, 5% and 10%.  The estimates of the average age are 22.61, 22.30 and 22.59 years respectively, the standard error of these estimates is 0.309, 0.165 and 0.115 years and coefficient of variation is 0.014, 0.07 and 0.05 respectively. The 95% confidence intervals for all sample sizes contain the true population parameter and from the mean age we can see that when the sample size increases the mean age gets closer to the population parameter and the standard error and coefficient of variation also decrease.

The categorical variables are analysed by estimating the relative frequency or proportion for each level or category. These estimates are displayed in the mean column of Table 4.5.1, page 72 . The table shows that 48.5%, 48.9%, 49.6% of the populations are male, while 51.5%, 51.1% and 50.4% of the population are females respectively. The standard error of estimate is 1.5, 0.4 and 0.3 respectively. From this we can see that, as the sample size increases,  the estimates get closer to the population parameter.  This indicates that  higher sample sizes result in greater precision; the standard error also decreases when the sample size increases.  The confidence intervals for all sample sizes contain the population parameter. 

Table 4.5.1 shows that 75.0%, 79.3% and 78.7% of the Tigray Region population are illiterate, and 8.2%, 6.7% and 7.0% have attended an educational intuition in the past. We can see that all the estimates get close to the population parameter when the sample size increase, the standard error decrease when the sample size increase, that indicates when the sample size increase the precision also increase. The confidence interval for all of the categories and for all sample size contains the population parameter.

The estimates for the variable source of water in this table also show that, only 2.8%, 2.2% and 3.0% of the population of the region gets water from a tap, 5.9%, 6.9% and 7.3% from a protected well, 39.1%, 40.5% and 40.5% from an unprotected well and 52.2, 50.4 and 49.2  from a river respectively. The table shows that, like other variables, when the sample size increases the estimates get closer to the population parameter.  The standard errors decrease when the sample size increases, which gives an indication that the precision also increases. We can see  that the confidence intervals for all the categories contain the true population parameter. 

4.6 Summary

From the tables presented in this chapter and Appendix A-C and the discussions of the results for the selected variables obtained by different sampling methods and different sample sizes, it can be seen that the 95% confidence interval contains the true population value in all cases except for gender in stratified sampling with a 1% sample size. 

In the case of cluster sampling the confidence interval generally is wider than the other sampling methods, which is an indication that cluster sampling gives a lower precision. 

The estimates obtained from all methods for 1% sample are less precise than the higher sample size in respective sampling technique, which is an indication of, for greater sample size, better precision. 

In the case of cluster sampling, the estimates for all variables are far from the actual value for the 1% and 5% sample sizes, even though the confidence interval contains the true population value. 

It should be remembered that the results in this chapter are based on only a single sample. 

CHAPTER 5: Comparison between sampling techniques and variance estimators

In the next sections we look at the relative accuracy of the estimates discussed in the previous chapter. Relative accuracy is defined (A-E)/A*100, where A indicates the actual value of the population and E is the estimate from the sampling method.  Since relative accuracy is not useful in cases of very low values, we also show plots of the actual values from the different methods.

Again, it should be noted that the results in this chapter are based on only a single sample, so that the results cannot be generalised.

5.1 Measuring relative accuracy of estimates for different sampling methods with 1% sample size for each variable of interest

a. Age

Table 5.1.1 Estimates from different sampling methods (for variable age) and their relative accuracy

	For 1% sample
	Population Parameter
	SRS
	Systematic Sampling
	Stratified Sampling
	Cluster Sampling

	Mean age 
	22.46
	22.19
	22.63
	22.59
	22.61

	Relative accuracy

(A-E)/A*100
	0
	1.20
	-0.76
	-0.58
	-0.67


From Table 5.1.1, the estimate obtained from stratified sampling is better than all other sampling designs, followed by cluster sampling, since all the estimates are close to the actual value. While simple random sampling under-estimates the population mean, systematic sampling over-estimates the actual mean age, for this sample.

b.   Gender

Table 5.1.2 Estimates from different sampling methods (for variable Gender) and their relative accuracy

	For 1% sample
	Population Parameter
	SRS
	Systematic Sampling
	Stratified Sampling
	Cluster Sampling

	MALE
	49.5
	49.6
	49.2
	48.1
	48.5

	FEMALE
	50.5
	50.4
	50.8
	51.9
	51.5

	Relative accuracy  (A-E)/A*100

	MALE
	0
	-0.20
	0.61
	2.83
	2.02

	FEMALE
	0
	0.20
	-0.59
	-2.77
	-1.98


Table 5.1.2 shows the estimates of males and females from the different sampling methods and their relative accuracy. (Obviously, the male/female percentages must add to 100, so if one is underestimated, the other is overestimated.) From the table, SRS gives the best estimate followed by systematic sampling. Stratified sampling and cluster sampling over-estimate the proportion of males and under-estimate the proportions of females. This gives an indication that the complex samples for variable gender are not performing well for small sample sizes. The comparison of population proportions presented in chapter 4 reflects the result obtained by the method of relative accuracy.

c. School attendance
Table 5.1.3 Estimates from different sampling methods (for school attendance) and their relative accuracy

	For 1% sample
	Population Parameter
	SRS
	Systematic Sampling
	Stratified Sampling
	Cluster Sampling

	PRE-SCHOOL
	.215
	.3
	.3
	.1
	.1

	GRADE ONE
	1.954
	2.2
	2.0
	1.7
	1.8

	GRADE TWO
	2.544
	2.5
	2.7
	3.0
	3.3

	GRADE THREE
	2.508
	2.2
	2.8
	2.6
	2.7

	GRADE FOUR
	2.241
	2.1
	2.3
	2.2
	2.3

	GRADE FIVE
	1.055
	.9
	1.2
	.9
	.8

	GRADE SIX
	.841
	.8
	.8
	.8
	1.0

	GRADE SEVEN
	.563
	.4
	.6
	.6
	.7

	GRADE EIGHT
	.464
	.3
	.2
	.4
	.6

	GRADE NINE
	.317
	.3
	.2
	.3
	.5

	GRADE TEN
	.208
	.2
	.2
	.2
	.4

	GRADE ELEVEN
	.191
	.1
	.2
	.1
	.4

	GRADE TWELVE
	.280
	.2
	.3
	.3
	.3

	CERTIFICATE
	.090
	.2
	.1
	.1
	.0

	DIPLOMA
	.037
	.0
	.1
	.0
	.0

	DEGREE
	.016
	0
	0
	0
	.0

	POST GRADUATE
	.009
	0
	0
	0
	.0

	NON_REGULAR
	1.679
	2.2
	1.2
	2.2
	1.6

	ATTENDED_PAST
	6.532
	6.1
	6.0
	6.2
	8.2

	NEVER ATTENDED
	78.258
	78.9
	78.8
	78.2
	75.0

	Relative accuracy  (A-E)/A*100

	PRE-SCHOOL
	0
	-39.53
	-39.53
	53.49
	53.49

	GRADE ONE
	0
	-12.59
	-2.35
	13.00
	7.88

	GRADE TWO
	0
	1.73
	-6.13
	-17.92
	-29.72

	GRADE THREE
	0
	12.28
	-11.64
	-3.67
	-7.66

	GRADE FOUR
	0
	6.29
	-2.63
	1.83
	-2.63

	GRADE FIVE
	0
	14.69
	-13.74
	14.69
	24.17

	GRADE SIX
	0
	4.88
	4.88
	4.88
	-18.91

	GRADE SEVEN
	0
	28.95
	-6.57
	-6.57
	-24.33

	GRADE EIGHT
	0
	35.34
	56.90
	13.79
	-29.31

	GRADE NINE
	0
	5.36
	36.91
	5.36
	-57.73

	GRADE TEN
	0
	3.85
	3.85
	3.85
	-92.31

	GRADE ELEVEN
	0
	47.64
	-4.71
	47.64
	-109.42

	GRADE TWELVE
	0
	28.57
	-7.14
	-7.14
	-7.14

	CERTIFICATE
	0
	-122.22
	-11.11
	-11.11
	*

	DIPLOMA
	0
	*
	-170.27
	*
	*

	DEGREE
	0
	*
	*
	*
	*

	POST GRADUATE
	0
	*
	*
	*
	*

	NON_REGULAR
	0
	-31.03
	28.53
	-31.03
	4.71

	ATTENDED_PAST
	0
	6.61
	8.14
	5.08
	-25.54

	NEVER ATTENDED
	0
	-0.82
	-0.69
	0.07
	4.16
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Table 5.1.3  and Figure 5.1.2  show that the stratified sampling design gives relatively good estimates for most of the groups. In some of the groups like pre-school, grade one, four, six, seven, ten, eleven and twelve the estimates obtained from systematic sampling design are close to those from the stratified sampling design. The estimates obtained from SRS for the categories pre-school, grade two, six, nine, and ten are similar to stratified and systematic sampling, whereas cluster sampling only performs well on the categories non-regular and twelve grade, in all others categories estimates are far from the actual proportions. In Table 5.1.3 the * represents the estimates that have value zero.

d. Source of water

Table 5.1.4 Estimates from different sampling methods (for source of water) and their relative accuracy

	For 1% sample
	Population Parameter
	SRS
	Systematic Sampling
	Stratified Sampling
	Cluster Sampling

	TAP
	3.2
	3.9
	3.8
	2.4
	2.8

	PROTECTED WELL
	7.5
	6.5
	7.8
	8.1
	5.9

	UNPROTECTED WELL
	41.0
	43.0
	39.5
	38.6
	39.1

	RIVER
	48.3
	46.7
	48.9
	50.9
	52.2

	Relative accuracy  (A-E)/A*100

	TAP
	0
	-21.88
	-18.75
	25.00
	12.50

	PROTECTED WELL
	0
	13.33
	-4.00
	-8.00
	21.33

	UNPROTECTED WELL
	0
	-4.88
	3.66
	5.85
	4.63

	RIVER
	0
	3.31
	-1.24
	-5.38
	-8.07
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Table 5.1.4 and Figure 5.1.4 show that the estimates for the population proportions obtained for the unprotected well, river and protected well categories from a systematic sampling design are better than those from other sampling techniques. The estimate for tap is better in cluster sampling than the other sampling designs, while stratified sampling under-estimates the tap and unprotected well categories. The estimates obtained from the simple random sampling design, under-estimate the population proportions for protected well and over-estimates for tap. The stratified sampling technique under-estimates the category taps. 

5.2 Measuring relative accuracy of estimates for different sampling methods with 5% sample size for each variable of interest 

a. Age

Table 5.2.1 Estimates from different sampling methods (for variable Age) and their relative accuracy

	For 5% sample
	Population Parameter
	SRS
	Systematic Sampling
	Stratified Sampling
	Cluster Sampling

	Mean age 
	22.46
	22.33
	22.48
	22.69
	22.30

	Relative accuracy

(A-E)/A*100
	0
	0.58
	-0.09
	-1.02
	0.71


The estimate obtained from systematic sampling is better than all other sampling designs, followed by SRS, since the estimate are close to the actual value. While stratified sampling over-estimates the population mean, cluster sampling under-estimates the actual mean age.

b. Gender

Table 5.2.2 Estimates from different sampling methods (for variable Gender) and their relative accuracy

	For 5% sample
	Population Parameter
	SRS
	Systematic Sampling
	Stratified Sampling
	Cluster Sampling

	MALE
	49.5
	50.1
	49.4
	49.8
	48.9

	FEMALE
	50.5
	49.9
	50.6
	50.2
	51.1

	Relative accuracy  (A-E)/A*100

	MALE
	0
	-1.21
	0.20
	-0.61
	1.21

	FEMALE
	0
	1.19
	-0.20
	0.59
	-1.19


From Table 5.2.2, systematic sampling gives the best estimate followed by stratified sampling. SRS sampling over-estimates the proportion of males, while cluster sampling over-estimates the proportion of females. The comparison of population proportions presented in chapter 4 reflects the result obtained by the method of relative accuracy.

c. School attendance

Table 5.2.3 Estimates from different sampling methods (for school attendance) and their relative accuracy

	For 5% sample
	Population Parameter
	SRS
	Systematic Sampling
	Stratified Sampling
	Cluster Sampling

	PRE-SCHOOL
	.215
	.2
	.2
	.2
	.2

	GRADE ONE
	1.954
	2.1
	2.1
	1.9
	1.9

	GRADE TWO
	2.544
	2.5
	2.6
	2.4
	2.3

	GRADE THREE
	2.508
	2.6
	2.4
	2.5
	2.4

	GRADE FOUR
	2.241
	2.2
	2.2
	2.1
	2.3

	GRADE FIVE
	1.055
	1.1
	1.0
	1.0
	1.0

	GRADE SIX
	.841
	.8
	.9
	.7
	.7

	GRADE SEVEN
	.563
	.6
	.6
	.6
	.5

	GRADE EIGHT
	.464
	.4
	.4
	.4
	.4

	GRADE NINE
	.317
	.4
	.3
	.3
	.2

	GRADE TEN
	.208
	.3
	.2
	.2
	.3

	GRADE ELEVEN
	.191
	.2
	.2
	.2
	.2

	GRADE TWELVE
	.280
	.3
	.3
	.3
	.2

	CERTIFICATE
	.090
	.1
	.1
	.1
	.0

	DIPLOMA
	.037
	.3
	.0
	.0
	.0

	DEGREE
	.016
	.1
	.0
	.0
	0

	POST GRADUATE
	.009
	.0
	.0
	.0
	0

	NON_REGULAR
	1.679
	1.9
	1.7
	1.8
	1.5

	ATTENDED_PAST
	6.532
	6.4
	6.9
	6.3
	6.7

	NEVER ATTENDED
	78.258
	77.5
	77.8
	78.9
	79.3


	Relative accuracy  (A-E)/A*100

	PRE-SCHOOL
	0
	6.98
	6.98
	6.98
	6.98

	GRADE ONE
	0
	-7.47
	-7.47
	2.76
	2.76

	GRADE TWO
	0
	1.73
	-2.20
	5.66
	9.59

	GRADE THREE
	0
	-3.67
	4.31
	0.32
	4.31

	GRADE FOUR
	0
	1.83
	1.83
	6.29
	-2.63

	GRADE FIVE
	0
	-4.27
	5.21
	5.21
	5.21

	GRADE SIX
	0
	4.88
	-7.02
	16.77
	16.77

	GRADE SEVEN
	0
	-6.57
	-6.57
	-6.57
	11.19

	GRADE EIGHT
	0
	13.79
	13.79
	13.79
	13.79

	GRADE NINE
	0
	-26.18
	5.36
	5.36
	36.91

	GRADE TEN
	0
	-44.23
	3.85
	3.85
	-44.23

	GRADE ELEVEN
	0
	-4.71
	-4.71
	-4.71
	-4.71

	GRADE TWELVE
	0
	-7.14
	-7.14
	-7.14
	28.57

	CERTIFICATE
	0
	-11.11
	-11.11
	-11.11
	*

	DIPLOMA
	0
	-710.81
	*
	*
	*

	DEGREE
	0
	-525.00
	*
	*
	*

	POST GRADUATE
	0
	*
	*
	*
	*

	NON_REGULAR
	0
	-13.16
	-1.25
	-7.21
	10.66

	ATTENDED_PAST
	0
	2.02
	-5.63
	3.55
	-2.57

	NEVER ATTENDED
	0
	0.97
	0.59
	-0.82
	-1.33


The different sampling techniques give similar estimates of the population parameter, for example, for the category pre-school, grade eight and grade eleven all sampling methods gives the same estimate. For categories grade seven and certificate the SRS, systematic and stratified give the same estimate of the population parameter, whereas systematic and stratified sampling gives the same estimate for the categories grade nine and grade ten. In general for 5% of sample size for the variable school attendance the systematic sampling gives better estimate than other followed by SRS. In Table 5.2.3 the * represents the estimates that have value zero. 

d. Source of water

Table 5.2.4 Estimates from different sampling methods (for source of water) and their relative accuracy

	For 5% sample
	Population Parameter
	SRS
	Systematic Sampling
	Stratified Sampling
	Cluster Sampling

	TAP
	3.2
	3.4
	3.1
	3.0
	2.2

	PROTECTED WELL
	7.5
	7.0
	7.3
	8.0
	6.9

	UNPROTECTED WELL
	41.0
	40.6
	41.0
	40.4
	40.5

	RIVER
	48.3
	49.0
	48.6
	48.6
	50.4

	Relative accuracy   (A-E)/A*100

	TAP
	0
	-6.25
	3.13
	6.25
	31.25

	PROTECTED WELL
	0
	6.67
	2.67
	-6.67
	8.00

	UNPROTECTED WELL
	0
	0.98
	0.00
	1.46
	1.22

	RIVER
	0
	-1.45
	-0.62
	-0.62
	-4.35


Table 5.2.4 shows that the estimates from systematic sampling technique for the population proportions obtained for the unprotected well is the same as the population parameter, while estimates obtained from categories protected well and taps are better than other sampling techniques. The estimate for river is the same for systematic and stratified sampling and is better than other sampling techniques. SRS over-estimates the tap and river categories and under-estimates the protected well. The estimates obtained from cluster sampling techniques, under-estimate the population proportions for protected well, taps and unprotected-well, whereas over-estimates for river category. Generally the systematic sampling technique gives better estimates in all the categories. 

5.3 Measuring relative accuracy of estimates for different sampling methods with 10% sample size for each variable of interest

a. Age

Table 5.3.1 Estimates from different sampling methods (for variable Gender) and their relative accuracy

	For 10% sample
	Population Parameter
	SRS
	Systematic Sampling
	Stratified Sampling
	Cluster Sampling

	Mean age 
	22.46
	22.54
	22.43
	22.58
	22.59

	Relative accuracy

(A-E)/A*100
	0
	-0.36
	0.13
	-0.53
	-0.58


The estimate obtained from systematic sampling is better than all other sampling designs, followed by SRS. From the table we can see that the estimate is close to the actual value for all sampling techniques, while stratified and cluster sampling over-estimate the population mean.

b. Gender

Table 5.3.2 Estimates from different sampling methods (for variable Gender) and their relative accuracy

	For 10% sample
	Population Parameter
	SRS
	Systematic Sampling
	Stratified Sampling
	Cluster Sampling

	MALE
	49.5
	49.5
	49.3
	49.7
	49.6

	FEMALE
	50.5
	50.5
	50.7
	50.3
	50.4

	Relative accuracy  (A-E)/A*100

	MALE
	0
	0.00
	0.40
	-0.40
	-0.20

	FEMALE
	0
	0.00
	-0.40
	0.40
	0.20


From Table 5.3.2, simple random sampling gives the parameter as its estimate. Table 5.3.2 also shows that cluster sampling gives a better estimate compared to systematic and stratified sampling which both have the same relative accuracy (0.40). Systematic sampling over-estimates the percentage of males, and stratified sampling underestimates it.  The comparison of population proportions presented in chapter 4 reflects the result obtained by the method of relative accuracy.

c. School attendance

Table 5.3.3 Estimates from different sampling methods (for school attendance) and their relative accuracy

	For 10% sample
	Population Parameter
	SRS
	Systematic Sampling
	Stratified Sampling
	Cluster Sampling

	PRE-SCHOOL
	.215
	.2
	.2
	.2
	.2

	GRADE ONE
	1.954
	1.9
	2.0
	2.0
	1.8

	GRADE TWO
	2.544
	2.5
	2.5
	2.3
	2.5

	GRADE THREE
	2.508
	2.5
	2.5
	2.4
	2.5

	GRADE FOUR
	2.241
	2.3
	2.2
	2.1
	2.3

	GRADE FIVE
	1.055
	1.0
	.9
	1.0
	1.0

	GRADE SIX
	.841
	.8
	.8
	.8
	.7

	GRADE SEVEN
	.563
	.6
	.6
	.5
	.5

	GRADE EIGHT
	.464
	.4
	.5
	.5
	.4

	GRADE NINE
	.317
	.3
	.4
	.3
	.2

	GRADE TEN
	.208
	.2
	.2
	.2
	.1

	GRADE ELEVEN
	.191
	.2
	.2
	.2
	.2

	GRADE TWELVE
	.280
	.3
	.3
	.3
	.2

	CERTIFICATE
	.090
	.1
	.1
	.1
	.1

	DIPLOMA
	.037
	.0
	.0
	.0
	.0

	DEGREE
	.016
	.0
	.0
	.0
	.0

	POST GRADUATE
	.009
	.0
	.0
	.0
	.0

	NON_REGULAR
	1.679
	1.7
	1.5
	1.8
	1.6

	ATTENDED_PAST
	6.532
	6.7
	6.7
	6.7
	7.0

	NEVER ATTENDED
	78.258
	78.2
	78.5
	78.5
	78.7

	Relative accuracy (A-E)/A*100

	PRE-SCHOOL
	0
	6.98
	6.98
	6.98
	6.98

	GRADE ONE
	0
	2.76
	-2.35
	-2.35
	7.88

	GRADE TWO
	0
	1.73
	1.73
	9.59
	1.73

	GRADE THREE
	0
	0.32
	0.32
	4.31
	0.32

	GRADE FOUR
	0
	-2.63
	1.83
	6.29
	-2.63

	GRADE FIVE
	0
	5.21
	14.69
	5.21
	5.21

	GRADE SIX
	0
	4.88
	4.88
	4.88
	16.77

	GRADE SEVEN
	0
	-6.57
	-6.57
	11.19
	11.19

	GRADE EIGHT
	0
	13.79
	-7.76
	-7.76
	13.79

	GRADE NINE
	0
	5.36
	-26.18
	5.36
	36.91

	GRADE TEN
	0
	3.85
	3.85
	3.85
	51.92

	GRADE ELEVEN
	0
	-4.71
	-4.71
	-4.71
	-4.71

	GRADE TWELVE
	0
	-7.14
	-7.14
	-7.14
	28.57

	CERTIFICATE
	0
	-11.11
	-11.11
	-11.11
	-11.11

	DIPLOMA
	0
	*
	*
	*
	*

	DEGREE
	0
	*
	*
	*
	*

	POST GRADUATE
	0
	*
	*
	*
	*

	NON_REGULAR
	0
	-1.25
	10.66
	-7.21
	4.71

	ATTENDED_PAST
	0
	-2.57
	-2.57
	-2.57
	-7.16

	NEVER ATTENDED
	0
	0.07
	-0.31
	-0.31
	-0.56


The different sampling techniques give similar estimates of the population parameter, for example, for the category pre-school, grade eleven and certificate all methods gives the same estimate. For categories grade six, ten, twelve and attended in the past, the SRS, systematic and stratified give the same estimate of the population parameter, systematic and stratified sampling gives the same estimate for the categories grade one, eight and grade nine. In general, for a 10% sample size for the variable school attendance, systematic and SRS give better estimates than the others followed by stratified sampling. Cluster sampling, in some of the categories, gives good estimates, but in most of the categories it under-estimates the population proportions. In Table 5.3.3 the * represents the estimates that have value zero. 

The 95% confidence intervals and standard errors for school attendance are presented in Appendices A-C, pages 118-126. 

5.4 
Comparison of Design effects of Different sampling techniques 

Table 5.4.1 Measurement of efficiency (for variable and sampling technique)
	
	For 1% sample size
	For 5% sample size
	For 10% sample size

	
	SysS
	STR
	Cluster
	SysS
	STR
	Cluster
	SysS
	STR
	Cluster

	AGE
	.960
	.870
	.910
	1.250
	1.258
	1.301
	1.158
	1.084
	1.370

	MALE
	.876
	.742
	3.023
	2.160
	1.468
	1.250
	1.657
	1.489
	1.523

	FEMALE
	.876
	.742
	3.023
	2.160
	1.468
	1.250
	1.657
	1.489
	1.523

	PRE-SCHOOL
	.998
	1.000
	.791
	1.049
	1.036
	1.220
	1.180
	1.049
	1.738

	GRADE ONE
	1.295
	1.065
	1.843
	2.472
	1.195
	5.478
	2.539
	2.400
	3.414

	GRADE TWO
	1.014
	1.019
	2.214
	1.776
	1.082
	2.329
	1.842
	1.157
	5.021

	GRADE THREE
	1.115
	1.049
	2.195
	1.268
	1.354
	4.348
	1.254
	1.196
	5.965

	GRADE FOUR
	1.138
	1.029
	1.540
	1.412
	1.191
	5.459
	1.308
	1.183
	7.055

	GRADE FIVE
	1.054
	1.047
	1.468
	1.759
	2.701
	2.600
	1.460
	1.135
	3.945

	GRADE SIX
	1.062
	1.044
	3.266
	2.038
	1.968
	2.231
	2.184
	1.185
	5.636

	GRADE SEVEN
	1.044
	1.085
	2.714
	2.338
	3.606
	1.990
	1.616
	1.144
	5.140

	GRADE EIGHT
	1.000
	.980
	3.708
	1.253
	1.645
	2.166
	1.355
	1.207
	3.175

	GRADE NINE
	1.004
	.987
	2.026
	1.130
	1.108
	1.838
	1.986
	1.362
	2.642

	GRADE TEN
	1.181
	1.238
	1.671
	1.233
	1.072
	1.286
	3.563
	2.361
	1.840

	GRADE ELEVEN
	1.008
	.992
	2.228
	1.328
	1.188
	3.423
	4.515
	3.656
	2.202

	GRADE TWELVE
	1.443
	1.393
	2.187
	1.498
	1.538
	3.062
	2.143
	2.012
	4.996

	CERTIFICATE
	1.518
	1.500
	.978
	2.068
	1.729
	1.356
	1.684
	2.129
	3.682

	DIPLOMA
	1.812
	1.003
	.990
	1.052
	1.000
	.890
	1.453
	1.332
	.992

	DEGREE
	*
	*
	.990
	1.053
	1.000
	2.826
	1.111
	1.000
	.944

	POST GRADUATE
	*
	*
	.874
	1.052
	2.000
	6.472
	1.111
	1.000
	1.191

	NON_REGULAR
	1.169
	3.114
	2.038
	16.781
	6.822
	25.160
	2.144
	7.361
	2.961

	ATTENDED_PAST
	1.546
	1.444
	14.116
	7.333
	5.311
	2.157
	5.594
	5.931
	28.138

	NEVER ATTENDED
	2.082
	2.083
	19.736
	7.229
	4.501
	2.153
	5.289
	4.612
	53.587

	TAP
	1.010
	.995
	1.172
	1.064
	.995
	3.011
	1.117
	1.017
	7.592

	PROTECTED WELL
	1.010
	1.054
	1.196
	1.053
	1.003
	4.451
	1.123
	1.001
	4.088

	UNPROTECTED WELL
	1.014
	1.004
	1.686
	1.057
	.989
	1.301
	1.116
	.995
	6.340

	RIVER
	1.013
	1.011
	1.999
	1.058
	.993
	1.250
	1.117
	.998
	10.509


 In Table 5.4.1 the * indicates that the design effect is not applicable for the respective category and for the corresponding sample size.

The design effect provides a measure of precision gained or lost by the use of the more complex design instead of an SRS. Table 5.4.1 shows the design effects for the different sampling techniques for all variables.

As we can see, the design effects obtained from systematic and stratified sampling techniques for a 1% sample are smaller than that of the simple random sampling design for variables age and gender, which indicates that the complex plans improves the precision of the estimate. In contrast, the cluster sample increases the precision for age and decreases it for gender, since the design effect is greater than SRS for variable gender. 

The design effects obtained from systematic and stratified sampling techniques with 1% sample size for school attendance, in most of the categories, are not smaller than that of the simple random sampling design, which indicates that the complex plans investigated here do not create a significant change in precision of the estimate. In some cases it decreases precision for stratified and systematic sampling, in case of cluster sampling in general it decreases precision.

In the case of the source of water for the 1% sample size, the design effects obtained from the various sampling methods are not smaller than simple random sampling design, which indicates that the complex sample techniques do not create a significant change in precision of the estimate.  In particular, the cluster sampling techniques here shows that it reduces the precision of the estimate. Table 5.4.1 also shows that stratified and systematic samples gave almost the same precision.  Therefore using a complex design such as the cluster sampling method does not improve the precision of the estimate, but it is representative and cost effective. Stratified and systematic samplings have design effects very close to 1, which implies that these methods do not change the precision.  However the samples are evenly distributed which means they give a representative sample at stratum level.

From Table 5.4.1, we can see that for sample size 5% and 10% for variables age, gender and school attendance for systematic and cluster sampling techniques the design effect is relatively far from one, whereas the stratified sampling only for variable gender reduce the precision but on the other variables does not affect the precision, with that we can say that systematic and cluster sampling technique reduces the precision of the estimate for those variables. In the case of the variable source of water for 5% and 10% sample size, the design effects obtained from stratified sampling for some of the categories improves the precision of the estimate and does not affect the precision on others. The systematic and cluster sampling techniques are not smaller than simple random sampling design, which indicates that these sampling techniques do not create a significant change in precision of the estimate.  In particular, the cluster sampling techniques here shows that it reduces the precision of the estimate. Table 5.4.1 shows that a systematic sample does not affect the precision.

The large design effects for the variables non-regular, attended past, and never attended are surprising. For non-regular, the values for the 5% sample are much larger than for the 1% or 10% samples.  For cluster sampling the design effects for 1% and 10% are large for attended past and never attended.  

The programs were checked and no problem was found.  Approximate sample sizes appear to give large enough samples to give robust estimates (for the 1% sample, the sizes are approximately 1.6%, 8.2% and 75% times 1440, giving approximate sample sizes of 23, 118 and 1080).

The weights were investigated using the descriptive statistics.  Systematic sampling and SRS have equal weights for each sample element.

Table 5.4.2 Descriptive statistics for the weights 

	method
	size
	min
	max
	Mean
	Sd

	StrS
	1%
	99.87
	100.2
	100
	.104

	
	5%
	20
	20
	20
	.004

	
	10%
	10
	10
	10
	.0004

	CS
	1%
	102
	314.5
	183.2
	19.3

	
	5%
	30
	85.2
	36.8
	3.4

	
	10%
	15
	24
	18.2
	1.2


Cluster sampling has the largest range for the weights, but the ratios for the different sampling fractions are approximately 3.1, 2.84 and 1.6.  This does not relate to the changes in the design effects.

A second set of samples was drawn, and the design effects were found to be:

Table 5.4.3 Design effect for second set of sample 

	
	For 1% sample size
	For 5% sample size
	For 10% sample size

	
	SysS
	STR
	Cluster
	SysS
	STR
	Cluster
	SysS
	STR
	Cluster

	AGE
	1.580
	1.180
	.709
	1.039
	.959
	1.572
	1.345
	1.195
	1.965

	

	MALE
	.692
	1.072
	1.736
	1.436
	1.101
	2.199
	2.104
	2.010
	1.546

	FEMALE
	.692
	1.072
	1.736
	1.436
	1.101
	2.199
	2.104
	2.010
	1.546

	

	PRE-SCHOOL
	1.181
	.995
	1.068
	1.085
	1.088
	1.212
	1.172
	1.067
	1.414

	GRADE ONE
	1.340
	1.109
	1.332
	2.222
	2.731
	5.539
	2.045
	1.848
	10.706

	GRADE TWO
	1.047
	1.009
	1.090
	1.159
	1.889
	4.061
	1.558
	1.162
	7.442

	GRADE THREE
	1.069
	1.044
	1.986
	1.362
	1.084
	4.103
	1.404
	1.266
	7.091

	GRADE FOUR
	1.344
	1.053
	2.015
	1.430
	1.223
	5.619
	1.403
	1.332
	8.203

	GRADE FIVE
	1.178
	1.135
	1.985
	3.484
	1.372
	5.138
	1.395
	2.094
	8.996

	GRADE SIX
	1.170
	1.239
	1.038
	2.348
	1.126
	8.210
	2.548
	2.603
	11.950

	GRADE SEVEN
	1.141
	1.451
	1.259
	1.332
	1.353
	5.943
	1.593
	2.059
	8.436

	GRADE EIGHT
	1.377
	1.400
	1.355
	1.211
	1.539
	5.251
	1.688
	2.222
	9.049

	GRADE NINE
	2.824
	1.214
	1.761
	3.620
	1.611
	4.215
	2.381
	2.114
	11.488

	GRADE TEN
	1.008
	.991
	.887
	2.535
	2.454
	4.666
	2.122
	2.086
	8.326

	GRADE ELEVEN
	1.232
	.999
	1.073
	3.860
	1.205
	3.155
	2.710
	3.894
	9.555

	GRADE TWELVE
	1.299
	1.190
	1.927
	2.553
	1.424
	7.084
	2.193
	1.715
	9.867

	CERTIFICATE
	2.021
	2.460
	.970
	1.656
	2.199
	1.049
	2.362
	2.210
	1.690

	DIPLOMA
	*
	*
	1.592
	1.896
	1.151
	.975
	1.270
	1.413
	1.414

	DEGREE
	*
	*
	*
	14.567
	*
	.984
	17.840
	1.000
	1.479

	POST GRADUATE
	*
	*
	*
	*
	*
	8.465
	1.554
	1.000
	4.043

	NON_REGULAR
	1.540
	2.301
	24.154
	8.292
	1.181
	19.017
	11.415
	11.290
	35.781

	ATTENDED_PAST
	1.455
	1.671
	5.358
	2.186
	1.896
	67.139
	6.404
	5.856
	125.553

	NEVER ATTENDED
	2.792
	2.198
	18.751
	5.454
	3.377
	1.212
	6.479
	6.602
	1.414


As can be seen, there is some variation in the design effects, between the two sets of samples, with some increasing and some decreasing.  It appears that further research is needed into the variability of the design effect in repeated samples.  This does not seem to be discussed in the literature, and is beyond the stated aims of this research report.

5.5 Comparison of Estimated Sampling Errors from Taylor Series Linearization and Jack-knife Methods
The sample of households selected for any specific sample size is only one of many samples that could have been selected from the same population, using the same technique. Each of these samples would yield results that differ somewhat from the results of the actual sample selected. The variability between all possible samples is measured using sampling errors. 

The standard error is used to measure a sampling error from a particular statistic (mean, percentage, etc.). The confidence interval is calculated using the standard error.

In SRS, we use straightforward formulae for calculating standard errors. On the other hand, if we use complex sampling techniques, we need to use more complex formulae. Formulae also increase with the complexity of the estimator, for example, nonlinear estimators such as ratios, differences, and post stratified means (Wolter, 2007).  These are frequently obtained using Taylor series linearization approximations, which are available in most software packages.  Other methods include resampling techniques, where subsamples of the achieved sample are used to obtain estimates of the variance.  One method is the jack-knife method, which is currently the recommended method (Wolter, 2007).  Both these methods require computer intensive software.   SPSS uses Taylor series linearization.  For this study, we compared the Taylor series linearization methods to the jack-knife method.  

The R program for the jack-knife estimation is given in the Appendix E, pages 131-136.

Table 5.5.1 presents 95% confidence intervals (using Taylor series method) and the standard errors for both of the estimation methods with different sampling techniques and for the corresponding sampling size.

Table 5.5.1 Standard error and 95% confidence intervals for variable age from different sampling techniques

	1% Sample for variable age
	95% Confidence Interval
	Standard Error

Methods 

	
	Lower
	Upper 
	Taylor series linearization 
	Jack-knife

	Simple random sampling
	21.74
	22.65
	.232
	0.241

	Systematic sampling
	22.16
	23.10
	.238
	0.244

	Stratified sampling
	22.14
	23.04
	.228
	0.245

	Cluster sampling
	21.95
	23.27
	.309
	4.107

	5% Sample for variable age
	

	Simple random sampling
	22.11
	22.54
	.109
	0.106

	Systematic sampling
	22.25
	22.71
	.109
	0.107

	Stratified sampling
	22.45
	22.92
	.118
	0.108

	Cluster sampling
	21.94
	22.65
	.165
	1.714

	10% Sample for variable age
	

	Simple random sampling
	22.38
	22.69
	.078
	0.076

	Systematic sampling
	22.28
	22.59
	.078
	0.076

	Stratified sampling
	22.44
	22.73
	.075
	0.076

	Cluster sampling
	22.34
	22.83
	.115
	1.129


 From Table 5.5.1, the Taylor series linearization method of estimating standard error does not produce quite different variance estimates for the corresponding sample size and sampling technique, but the jack-knife gives higher standard errors than the Taylor series linearization model for cluster and stratified sampling techniques for smaller samples (1%), whilst the opposite is true for larger samples (5 and 10%) for all sampling techniques. Conclusions of the same nature (high, low and equal standard errors) can also be drawn from subsequent tables.  

The R program to estimate standard errors using the jack-knife variance estimation method can be found in Appendix E, pages 131-136.

Table 5.5.2 Standard error and 95% confidence intervals for variable gender from different sampling techniques

	  1% Sample for variable gender
	95% Confidence Interval
	Standard Error

Methods

	
	Lower
	Upper
	Taylor 
	Jack-knife

	Simple Random Sampling
	
	
	
	

	MALE
	48.5
	50.7
	.5
	0.6 

	FEMALE
	49.3
	51.5
	.5
	0.6 

	Systematic Sampling
	

	MALE
	48.1
	50.4
	.6
	0.6 

	FEMALE
	49.6
	51.9
	.6
	0.6

	Stratified Sampling
	

	MALE
	47.0
	49.1
	.5
	1.3 

	FEMALE
	50.9
	53.0
	.5
	1.3 

	Cluster Sampling
	

	MALE
	45.4
	51.7
	1.5
	10.5 

	FEMALE
	48.3
	54.6
	1.5
	10.5

	  5% Sample for variable gender
	

	Simple Random Sampling
	

	MALE
	49.4
	50.9
	.4
	0.3 

	FEMALE
	49.1
	50.6
	.4
	0.3 

	Systematic Sampling
	

	MALE
	48.6
	50.2
	.4
	0.3 

	FEMALE
	49.8
	51.4
	.4
	0.3

	Stratified Sampling
	

	MALE
	49.1
	50.4
	.3
	0.6 

	FEMALE
	49.6
	50.9
	.3
	0.6

	Cluster Sampling
	

	MALE
	48.0
	49.8
	.4
	4.6 

	FEMALE
	50.2
	52.0
	.4
	4.6

	  10% Sample for variable gender
	

	Simple Random Sampling
	

	MALE
	49.1
	50.0
	.2
	0.2 

	FEMALE
	50.0
	50.9
	.2
	0.2

	Systematic Sampling
	

	MALE
	48.8
	49.8
	.2
	0.2 

	FEMALE
	50.2
	51.2
	.2
	0.2

	Stratified Sampling
	

	MALE
	49.3
	50.2
	.2
	0.4 

	FEMALE
	49.8
	50.7
	.2
	0.4

	Cluster Sampling
	

	MALE
	48.9
	50.2
	.3
	3 

	FEMALE
	49.8
	51.1
	.3
	3


Table 5.5.3 Standard error and 95% confidence intervals for variable water source from different sampling techniques

	  1% Sample for variable source of water
	95% Confidence Interval
	Standard Error

Methods 

	
	Lower
	Upper
	Taylor
	Jack-knife

	Simple Random Sampling
	
	
	
	

	TAP
	2.9
	5.1
	.6
	0.6 

	PROTECTED WELL
	5.2
	8.0
	.7
	0.7 

	UNPROTECTED WELL
	40.2
	45.8
	1.4
	1.4 

	RIVER
	43.9
	49.5
	1.4
	1.4

	Systematic Sampling
	

	TAP
	2.8
	5.0
	.6
	0.6 

	PROTECTED WELL
	6.4
	9.4
	.8
	0.8 

	UNPROTECTED WELL
	36.8
	42.4
	1.4
	1.4 

	RIVER
	46.1
	51.8
	1.5
	1.4

	Stratified Sampling
	

	TAP
	1.7
	3.4
	.4
	0.9 

	PROTECTED WELL
	6.6
	9.8
	.8
	1.6 

	UNPROTECTED WELL
	35.9
	41.4
	1.4
	2.8 

	RIVER
	48.1
	53.7
	1.4
	2.9

	Cluster Sampling
	

	TAP
	1.6
	4.7
	.7
	4.2 

	PROTECTED WELL
	4.1
	8.5
	1.0
	11.2 

	UNPROTECTED WELL
	34.1
	44.4
	2.4
	22.1 

	RIVER
	46.4
	57.9
	2.7
	22.5

	  5% Sample for variable source of water
	

	Simple Random Sampling
	

	TAP
	3.0
	3.9
	.2
	0.2 

	PROTECTED WELL
	6.4
	7.7
	.3
	0.3 

	UNPROTECTED WELL
	39.4
	41.8
	.6
	0.6 

	RIVER
	47.8
	50.2
	.6
	0.6 

	Systematic Sampling
	

	TAP
	2.7
	3.6
	.2
	0.2 

	PROTECTED WELL
	6.7
	8.0
	.3
	0.3 

	UNPROTECTED WELL
	39.7
	42.2
	.6
	0.6 

	RIVER
	47.4
	49.9
	.6
	0.6 

	Stratified Sampling
	

	TAP
	2.6
	3.5
	.2
	0.5 

	PROTECTED WELL
	7.4
	8.7
	.3
	0.7 

	UNPROTECTED WELL
	39.2
	41.6
	.6
	1.3 

	RIVER
	47.4
	49.8
	.6
	1.3 

	Cluster Sampling
	

	TAP
	1.5
	3.1
	.4
	1.4 

	PROTECTED WELL
	5.7
	8.3
	.6
	3.5 

	UNPROTECTED WELL
	37.5
	43.6
	1.4
	7.3 

	RIVER
	46.6
	54.2
	1.8
	7.4

	  10% Sample for variable source of water
	

	Simple Random Sampling
	

	TAP
	3.0
	3.6
	.2
	0.2 

	PROTECTED WELL
	7.1
	8.0
	.2
	0.2 

	UNPROTECTED WELL
	40.4
	42.1
	.4
	0.4 

	RIVER
	47.1
	48.8
	.4
	0.5 

	Systematic Sampling
	

	TAP
	2.9
	3.6
	.2
	0.2 

	PROTECTED WELL
	7.2
	8.2
	.2
	0.2 

	UNPROTECTED WELL
	39.8
	41.5
	.4
	0.4 

	RIVER
	47.5
	49.3
	.4
	0.5 

	Stratified Sampling
	

	TAP
	2.8
	3.4
	.2
	0.3 

	PROTECTED WELL
	7.1
	8.0
	.2
	0.5 

	UNPROTECTED WELL
	40.3
	42.0
	.4
	0.9 

	RIVER
	47.4
	49.1
	.4
	0.9

	Cluster Sampling
	

	TAP
	2.0
	4.5
	.6
	2 

	PROTECTED WELL
	6.0
	8.7
	.6
	3.7 

	UNPROTECTED WELL
	37.4
	43.7
	1.5
	7.3 

	RIVER
	45.1
	53.3
	1.9
	7 


To investigate the difference of the standard errors from both variance estimation methods we drew 100 different samples of size 1% using stratification and cluster sampling techniques. We used the results of these samples to obtain estimates of the standard deviation for the population parameter.  

Tables 5.5.4 and 5.5.5 shows the result of 100 samples of 1% size for stratified and cluster sampling techniques. From this table we can see that, for the stratified sampling, the age variable with the Taylor series linearization method of estimating the variance under-estimates the standard error of the population parameter, on the other hand the jack-knife estimation method overestimates it. In cluster sampling, the Taylor series variance estimation method gives estimates close to the population standard error, whereas the jack-knife overestimates it.

For the variable sex, the two variance estimation methods over-estimate the variance of the population in cluster sampling. However for stratified sampling, the Taylor series variance estimation method under-estimates the variance of the population, while jack-knife variance estimation method over-estimates it. 

For stratified sampling, In both of the variables selected (age, male from sex variable) the standard error estimate obtained from the repeated sampling is in between the standard errors shown in Table 5.5.1 and Table 5.5.2, which indicates that, when the Taylor series under-estimates the variance, the jack-knife overestimates it. For cluster sampling both variance estimation methods tend to over-estimate the population variance.

As the sample size increases, the difference in these two variance estimators decreases.

Table 5.5.4 Result from 100 Samples of 1% Using Stratified Sampling 

	
	N
	Mean
	Std. Deviation

	Age
	100
	22.4310
	.23282

	Male
	100
	49.544
	.8188


Table 5.5.5 Result from 100 Samples of 1% Using Cluster Sampling 

	
	N
	Mean
	Std. Deviation

	Age
	100
	22.4987
	.33538

	Male
	100
	49.305
	.9991


The results presented in tables 5.5.1, 5.5.2 and 5.5.3 are based on samples drawn from our population, and these estimates are expected to differ from the population parameters. The measure used to indicate the difference is standard error, which measures the extent to which an estimate may have varied by chance because only a sample of the population was considered. As we can see from these tables there is no major difference among the standard errors obtained from different sampling designs, except for cluster sampling. The confidence intervals obtained from SRS, stratified, systematic and cluster sampling designs contain the true population parameters, and therefore, the samples used to estimate the population parameter from all techniques are one of the “good” samples, but cluster sampling has relatively high standard error and a wider confidence interval which indicates that the precision from cluster sampling is less than the other sampling designs.

5.6 Summary

The objective of sampling is to infer about population parameters, notably the mean, variance or the proportion from which it’s drawn at a low cost. A carefully selected sample is often very representative of the population from which it was drawn. Such a sample provides as much information as a corresponding study that would attempt to investigate an entire population. We must investigate the properties of the sample statistics from different specified populations. Because a sample examines only part of a population, the sample statistics will not exactly equal the corresponding population parameters. Thus, an important consideration for those planning and interpreting sampling results, is the degree to which sample estimates, such as the sample mean, will agree with the corresponding population parameters. 

In this research report, the mean age and proportion for the variable gender, school attendance and source of water are estimated using different sampling techniques and different sample size. The results presented in chapters 4 and 5  indicate that generally the estimates obtained from the stratified and systematic sample are closer to the population parameter than the estimates from other sampling techniques.  Stratified sampling gives better precision than the other sampling techniques examined.

From the results presented above, all sampling techniques generally experience an increase in precision and accuracy of estimates as the sample size increases, as expected. 

The standard deviation and design effect for some selected variables is presented in this chapter under each sampling method with the corresponding sample size. From these results, we can see the standard error and design effect for all the variables is higher for samples from the cluster sampling designs, which indicates that the estimate from cluster sampling designs are  less precise than the other.  However, there may be cost savings with cluster sampling, which could allow an increase in sample size, for the same cost, thereby decreasing the design effect.  As previously stated, no such data is available at present.

CHAPTER 6: Poverty Indices

The second part of the report is to build the poverty map for the Tigray region. The initial objective of this section of the study was build the poverty map  utilising the information from the Tigray region Welfare Monitoring survey (WMS2000) and the household income and expenditure survey (HIC2000) in conjunction with the 1994 population and housing census for the same region. However, the Ethiopian census 1994 data do not contain enough of the questions related to the consumption and income that would enable us to use this methodology.  In other words, there are not enough linking variables to enable use to transfer information from the WMS2000 and HIC2000 to the census data. For that reason we use the poverty indices calculation method (HPI) introduced by UNDP, using the Welfare Monitoring survey (WMS2000).  

According to Benjamin (2003), anything can be mapped, from census data to highly sophisticated small-area estimation to expert opinion. However, producing a good poverty mapping is problematic. This is a particularly difficult problem, given that it may be a number of years before the quality of a particular method is evident. Poverty mapping does not yet have a gold standard, partly because the context of poverty mapping is as varied as its applications. The choice of a poverty-mapping methodology therefore depends on a number of logical and legitimate considerations.

Benjamin (2003) suggests that practitioners should choose the most appropriate method for their purposes. It is further stated that the most disturbing problem with current poverty-mapping methods is the minimal attention paid to potential error and bias, and to the types or characteristics of the poor populations chosen by different methodologies.  He further asserts that only the two small-area estimation methods developed by the World Bank (World Bank, 2000a), which provide indicators as to the error associated with increasing levels of desegregations, have made a serious attempt to assess the importance of statistical error. Other methods, such as that used by PROGRESA (an innovative anti-poverty program of the federal government of Mexico), make poverty characterisations of communities as small as 50 households without specifying the statistical power of these characterisations. Benjamin (2003) concluded that data limitations often force simple solutions, such as direct census measures. In these cases, there must be an awareness of bias.

There is no evidence that methods that put themselves forward as a gold standard, particularly the World Bank small-area estimation method, result in the best poverty mapping (Benjamin, 2003). Indeed, there has been little study of the differences in terms of practical outcomes, error and bias between small-area estimation and other methods. Theoretically and philosophically, small-area estimation may be the best poverty-mapping method based on a consumption-based welfare indicator, but we cannot assert more than this. Alderman, Babita,  Lanjouw, Lanjouw, Makhatha, Mohamed, Özler and Qaba (2000) argue that all poverty mapping comes down to appropriate weighting of a poverty index. Small-area estimation is essentially weighting an index using a multivariate regression model, and thus should compare favourably to ad hoc weights (You and Rao, 2002). 

Benjamin (2003) concludes the discussion by saying, “Given the lack of information regarding bias and error in most poverty-mapping methods, practitioners should proceed with full awareness of the pitfalls and uncertainties of their particular method”. Alderman et al (2000) and Benjamin (2003) suggest that the robustness of the chosen method should if possible be evaluated in terms of component variables, outcome indicators and alternative methods. Further research is clearly needed in terms of comparing the statistical precision and practical outcomes of different methods. Evaluating the statistical properties of some methods may not be technically feasible, but recognising the potential bias of each method in terms of the resulting poverty profile is an essential first step.

The study by Erasmus (2004) focused on constructing a development index for the City of Tshwane (South Africa). That provides the basis for identifying the least-ideal Wards and the most perfect Wards with respect to infrastructure development and aspects related to poverty in the City of Tshwane Metropolitan Council (CTMM).

There is considerable literature on the use of composite indexes to measure inequality. In all the examples a multidimensional approach was adopted (Erasmus 2004). The different indicators used in the study are selected and integrated into one index. Different indices can be combined into one composite index. Each sub index can be ranked, as well as the overall index scores of each country/city/ward (Erasmus 2004). Further the study indicates these indices rank all countries/cities/wards relative to one another and further inform the debate as to where scarce resources could be best applied.

“The measurement and analysis of poverty, inequality, and vulnerability are crucial for cognitive purposes (to know what the situation is), for analytical purposes (to understand the factors determining this situation), for policy making purposes (to design interventions best adapted to the issues), and for monitoring and evaluation purposes (to assess the effectiveness of current policies and to determine whether the situation is changing)” (UNDP, 2004).

The Census data do not suffer from small sample problems in contrast to most sample surveys. However they contain a little information on household resources and information related to income and expenditure. In countries like South Africa as well as Australia, income classifications are obtained in the census by using broad ranges. This motivates the interest in seeking ways to combine the detailed information obtained in household surveys with the more extensive coverage of a census to derive detailed geographic poverty estimates based on a consumption welfare indicator.  Like the above mentioned countries, the CSA need to add questions related to income and expenditure in the next census questionnaire, in order to combine the census and household surveys data to obtain poverty indices based on consumption welfare indicators.

Based on the experience of South Africa’s poverty mapping, and examining the  basic methodology generally used in linking surveys and census data sets, it is apparent that this is very similar to that of synthetic estimation used in small-area geography. Prediction models are derived for consumption or income as the endogenous variable, on the basis of the survey. The selection of exogenous variables is restricted to those variables that can also be found in the census. The parameter estimates are then applied to the census data and expected poverty and inequality statistics derived (Hirschowitz, 2000).

Small-area estimation is a statistical technique that combines survey and census data to estimate welfare or other indicators for disaggregated geographical units such as municipalities or rural communities. Small- area estimation applies parameters from a predictive model to identical variables in a census or auxiliary database; the assumption is that the relationship defined by the model holds for the larger population as well as the original sample. This technique has been used by the United States government for planning and targeting purpose (Ghosh and Rao, 1994). 

The study by Hentschel (2000) for Ecuador, as reported by Hirschowitz (2000), shows that regional poverty estimates, calculated on the basis of imputed household consumption in the census, and are very similar to those derived from consumption measured directly in the household survey.

The hypothesis of Deaton (1997), as mentioned by Hirschowitz, (2000), states that consumption is generally more accurately collected in household surveys than is income, and that it is a valid measure of the long run control of resources by the household. The South African poverty mapping study differs from other poverty mapping studies in the literature, in that while they are imputing values for consumption which are not present in the census, they are also substituting them for a variable, income, for which estimates are available in the census. The  hypothesis of Deaton (1997) indicates that  they have substituted an improved indicator of the welfare of the community.

6.1 Comparison of the weighted estimates of Household Income and Consumption (HIC2000), Welfare monitoring survey (WMS2000) and Population and housing Census 1994 Data for the Tigray region  

Both studies used a Stratified two-stage sampling technique. 

Tables 6.1.1 and 6.1.2 show the weighted estimates for the above mentioned surveys. The weight applied is the weight obtained with the data set in each of the surveys (the weight is calculated from the sampling frame from which the surveys are drawn in this case the census 1994 since CSA is using this data as a sampling frame).

Table 6.1.1: Estimates for the variable age, for the two surveys

(HIC2000 and WMS2000)

	Age
	N
	Mean
	Std. Error
	Std. Deviation
	Variance

	Population Census 1994
	3134806
	22.33
	.011
	19.097
	364.694

	WMS2000
	3497382
	22.10
	.011
	19.854
	394.198

	HIC2000
	3616087
	22.18
	.010
	19.923
	396.911


Table 6.1.2: Estimates for the variable gender, for the two surveys (HIC2000 and WMS2000)

	Gender
	Frequency
	Percent

	Census 1994


	male
	1540941
	49.2

	
	female
	1593865
	50.8

	
	

	WMS 2000
	male
	1639746
	46.9

	
	female
	1857636
	53.1

	
	

	CONS 2000
	male
	1710148
	47.3

	
	female
	1905939
	52.7


Table 6.1.1 and Table 6.1.2 show the results from the WMS2000, HIC2000 and population and housing census for the year 1994. From these tables the total population of the Tigray region in 1994 is 3134806 of which 1593865 (50.8%) are females and 1540941 (49.2%) are males and the average age is 22.33. From the surveys conducted in year 2000 ( WMS and HIC), the population total is 3497382 and 3616087 respectively from which the WMS survey shows 1857636 (53.1%) are females and 1639746 (46.9%) are males.  The HIC survey shows that the population of females is 1905939 (52.7%) and the population of males is 1710148 (47.3%). The average age for the WMS and HIC are 22.10 and 22.18 respectively. The results from Tables 6.1.1 and 6.1.2  show that the population sizes has increased in the year 2000, that increase is caused by the six years gap between the census and the surveys, and the calibration to mid-year estimates. The average age in the region doesn’t have major changes and remains close for all the surveys, but from Table 6.1.2 we can see that the population of females contributes more in the population size than the males.

6.2 Human poverty index 

The Human Poverty Index (HPI) is a composite index of poverty that focuses on deprivations in human lives, aimed at measuring poverty as a failure in capabilities in multiple dimensions, in contrast to the conventional headcount measure focused on low incomes (UNDP, 2004).

The HPI1 measures poverty in developing countries. The variables used are the percentage of people expected to die before age 40, the percentage of adults who are illiterate, those deprived of safe water and the percentage of underweight children under five.

Table 6.2.1 shows the summary indicators needed for human poverty index calculation.

	 
	Longevity
	Knowledge
	Decent standard of living

	HPI1
	Percentage of people not expected to survive to age 40 
	Illiteracy rate
	Deprivation in economic provisioning, measured by: 
1. Percentage of people without access to water and health services 
2. Percentage of underweight 
children under five


Adopted from: UNDP human development indices (2004)

The HP1 is calculated based in the following three dimensions:

(a) Longevity failure, measured as the percentage of the individuals with a life expectancy less than 40 years, this value is obtained from UNDP human development report 2006.

(b) Failure in knowledge, as measured by the percentage of illiterate adults and is obtained from welfare 2000 survey. 

(c) Failure in decent living standard this indicator is obtained by combination of two variables which are:

 (i) The percentage of population without access to clean water, this is calculated from welfare 2000 survey.

 
(ii) The percentage of children under age who are underweight, this variable is calculated with the help of WHO Child Growth Standards; we adopted the SPSS syntax provided by WHO to fit to our welfare 2000 survey data in order to get the required percentage of children underweight. The adopted syntax can be found on the website www.who.org. 

The global index, HPI1, is then obtained by taking the average of order 3 of these three dimensions:

Figure 6.2.1: Summary diagram how HPI1 is constructed
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Adopted from: UNDP human development report (2006)

6.3 Measuring Human Poverty Index

Table 6.3.1: Data for the HPI1 for Tigray Region

	

	Zones

 
	

	
	Data
	Answers

 

 

	
	Probability at birth of not surviving to age 40  (% )
	Adult illiteracy rate (% age 15 and above)
	Population not using improved water sources
(%)        
	Under-weight children under age five         
(%) 
	

	
	P1
	P2
	P31
	P32
	P3
	HPI1

	1
	39.5
	82.4
	72.8
	39.7
	56.3
	64.3

	2
	39.5
	77.3
	71.3
	54.5
	62.9
	63.6

	3
	39.5
	77.4
	49.9
	45.9
	47.9
	59.6

	4
	39.5
	86.0
	63.7
	44.7
	54.2
	65.9

	5
	39.5
	35.1
	3.7
	25.1
	14.4
	33.0


6.4 Discussion
From the table we can see that the index is calculated as the simple average of deprivations along individual dimensions. This property permits us to determine the percentage contributions made by the dimensions to overall deprivation. These contributions can be used to separate the dimensions according to their degrees of sensitivity. The high contributing dimensions may require the attention of policy-makers to reduce their impact in order to occupy a lower position in the human poverty index.  Table 6.3.1 shows that the adult illiteracy rate and population not using improved water sources has the higher contribution for the index for the first four zones, which needs more attention from policy makers to reduce the impact on the index.

6.5 Geographic information systems (GIS). 

In order to present the disaggregated information on maps, one needs to have some kind of geographic location coordinate for each observation. Geographic information systems (GIS) are computer software programs designed to handle geographically referenced data (MIMAP-CBMS, 2003). They are essentially database management systems that use geographic location as a reference for each database record. These systems are used to integrate information from very different sources (e.g. surveys, census, administrative data, satellite images, etc.) into a single platform, where each observation is matched with the identifier of the area it covers. They also permit the analysis of spatial association between different dimensions. In particular, they permit the simultaneous analysis of variables which are observed at different levels. The GIS allows the simultaneous analysis of information from heterogeneous sources, as long as they have geographic location coordinates.

Presenting the Human Poverty Index in Map
The Human Poverty Index for developing countries (HPI1) measures the level of deprivation in the three basic dimensions. A Low HPI implies low levels of deprivation in the combined index of the three dimensions.

The map in Figure 6.5.1 is the representation of the extent of human poverty index in the Tigray region.

Figure 6.5.1 : Poverty Map for Tigray Region
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6.6 Discussion:

The map, in Figure 6.5.1, shows high (>55%) and widespread poverty across Tigray, and considerable geographic variation in human poverty indices at region level. Poverty is greatest in south, west and central Tigray as well as eastern Tigray. It is lowest in the main city (Mekele).

Finally, we present suggestions on policies that warrant attention based on application of our index displayed in Figure 6.5.1. For example, an improvement in the adult literacy rate can be brought about by: (i) reduction of dropouts at different levels of education by some incentives, and (ii) having adult education programmes such as free night schools where people can study after work. In the context of anthropometric indicators, it is known that malnutrition is typically caused by a combination of insufficient food intake and infection, which impairs the body’s ability to absorb or assimilate food. Therefore, the situation in this context can be improved by providing better health infrastructure, by arranging proper diets for pregnant women, by improving calorie intake for children through midday meals at schools, and so on. Contributions of the indicators to the overall index indicate on which aspect a country will need to focus its attention to formulate pertinent policies.

CHAPTER 7: Conclusions & Recommendations

In a broad sense, sampling theory can be considered as coextensive with modern statistical methods.  Almost all of the modern developments in statistics relate to the inferences that can be made about a population when information is available from only a sample of the elements of the population. In most survey work, the population consists of all persons (or housing units, households, industrial establishments, farms, etc.) in a city or other area.  Information is obtained or desired from a sample of the population, but inferences are required on characteristics of the whole population.

In most surveys information is collected from a sampling unit for more than one characteristic.  One method of determining sample size is to specify margins of error for the characteristics that are regarded as most vital to the survey.  An estimation of the sample size needed is first made separately for each of these important characteristics.

When the estimation of required sample size has been completed for each of the most important characteristics, it is time to take stock of the situation.  It may happen that the sample sizes required are all reasonably close.  If the largest of the sample sizes falls within the limits of the budget, this sample size is selected.  More commonly, there is sufficient variation among the sample sizes so that we are reluctant to choose the largest, either for budgetary considerations or because this will give an overall level of precision substantially higher than originally contemplated for the other characteristics.  In this event, the desired level of precision may be relaxed for some of the characteristics, in order to permit the use of a smaller value of n. In some cases the n's required for different characteristics are so different that some of them must be dropped from the survey; with the resources available the precision expected for these characteristics is totally inadequate.  

The difficulty may not be merely one of sample size.  Some characteristics call for a different type of sampling scheme than others.  With populations that are sampled repeatedly, it is useful to gather information about those characteristics that can be combined economically in a general survey and those that need special methods.  

In this research report, different probability sampling techniques with different sample sizes are applied to the Tigray population based on the housing census 1994 data.  Each sampling method has its own advantages and disadvantages, for the type of survey that we need to conduct. Although based on only a single sample for each of the sampling methods and sizes (1%, 5% and 10%), the analysis showed that:

· As expected the larger the sample size, the closer the estimates to the population values obtained from the census, and the more the coefficient of variation decreases.

· In almost all cases, the 95% confidence interval for the parameters investigated, included the census estimate (taken as the population parameter), except for the estimate of gender for a 1% stratified sample.

· The results comparing sampling methods discussed in this research report are from a single sample, and the conclusions cannot be generalised.  We recommend the use of simulations to create repeated samples, in order to generalise the results.

· The design effects obtained from  the different sampling technique show, for some sampling techniques and variables for a 1% sample, these are smaller than SRS and vice-versa, which indicates that in some complex plans improve the precision of the estimate.  The large design effects obtained for the school attendance variable for the categories non-regular, attended past, and never attended are surprising. For non-regular, the values for the 5% sample are much larger than for the 1% or 10% samples.  For cluster sampling the design effects for 1% and 10% are large for attended past and never attended.  As can be seen, there is some variation in the design effects, between the two sets of samples explained in the sections 5.4, with some increasing and some decreasing.  We recommend  that further research is needed into the variability of the design effect in repeated samples.

In this research we assessed the performance of probability sampling techniques and we observed on the following dimensions: relative accuracy, standard error, confidence intervals, precision and also we compared the effect of the different methods of calculating variances like Taylor series linearization and Jack-knife, the comparison of this two methods is done by drawing 100 different samples of 1% for stratified and cluster sampling. It was found that in general the relative accuracy for the selected variable obtained from the stratified sampling design is better than other estimates. We also find evidence that the 95% confidence interval constructed for each method contains the true population value, but the confidence interval for cluster sample is wider than the others that indicate less precision than others. The result of the comparison of the different methods of estimating the variance from the simulated population variance indicates that, for cluster sampling, both of the Taylor linearization and jack-knife methods tend to overestimate the population variance, whereas for stratified sampling the population standard error is in between of the standard error of the both methods indicating when one underestimates the other overestimates. 

In the other part of the report we developed poverty mapping for the Tigray region using WMS2000 data set and we followed the method suggested by UNDP which is Human poverty index for developing countries (HPI1). The first  idea was to follow a model such as the one used in SA, but that this wasn’t possible.  However, looking at the other two data sets available we found no questions related to income or expenditure or other linking variable in the Ethiopian 1994 housing and population census and therefore suggest that the require linking variables (income and expenditure related)  be added to the future census questionnaires,  in order to allow combinatione with relevant surveys.  This will  allow exploration of other poverty indices in the future.

7.1     Recommendations for further investigations
The sample size comparisons show that the 1% sample size has more variability (as expected).  The 5% and 10% sizes seem to give very similar results.  Further investigation is needed as to the required precision of the estimates in order to decide on the required sample size.  This study only considered 4 variables.  Policy makers need to indicate what subgroups they need the data on, with what precision.  This can then inform the debate on sample size. Iinformation on the costs of collecting data is also required for this.
As can be seen, there is some variation in the design effects, between the two sets of samples, with some increasing and some decreasing.  It appears that further research is needed into the variability of the design effect on repeated samples.  
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Appendices

 Appendix A: Systematic sampling

Table A.1 shows the results of the 1% sample obtained using a systematic sampling technique. 

Table A.1 Results of systematic sampling for population mean and proportion for selected analysis variables (1%)

	
	Estimate
	Standard Error
	95% Confidence Interval
	Coefficient of Variation

	 
	 
	 
	Lower
	Upper
	 

	Mean
	P18_AGE
	22.63
	.238
	22.16
	23.10
	.011

	% of Total
	MALE
	49.2
	.6
	48.1
	50.4
	.012

	 
	FEMALE
	50.8
	.6
	49.6
	51.9
	.012

	% of Total
	PRE-SCHOOL
	.3
	.1
	.2
	.5
	.256

	 
	GRADE ONE
	2.0
	.2
	1.6
	2.5
	.110

	 
	GRADE TWO
	2.7
	.2
	2.3
	3.2
	.083

	 
	GRADE THREE
	2.8
	.2
	2.3
	3.3
	.086

	 
	GRADE FOUR
	2.3
	.2
	1.9
	2.8
	.095

	 
	GRADE FIVE
	1.2
	.2
	.9
	1.5
	.131

	 
	GRADE SIX
	.8
	.1
	.6
	1.1
	.158

	 
	GRADE SEVEN
	.6
	.1
	.4
	.9
	.179

	 
	GRADE EIGHT
	.2
	.1
	.1
	.4
	.287

	 
	GRADE NINE
	.2
	.1
	.1
	.4
	.300

	 
	GRADE TEN
	.2
	.1
	.1
	.4
	.326

	 
	GRADE ELEVEN
	.2
	.1
	.1
	.3
	.353

	 
	GRADE TWELVE
	.3
	.1
	.2
	.6
	.281

	 
	CERTIFICATE
	.1
	.0
	.0
	.3
	.613

	 
	DIPLOMA
	.1
	.1
	.0
	.3
	.599

	 
	NON_REGULAR
	1.2
	.2
	.9
	1.6
	.136

	 
	ATTENDED_PAST
	6.0
	.4
	5.2
	6.8
	.068

	 
	NEVER ATTENDED
	78.8
	.8
	77.2
	80.4
	.010

	% of Total
	TAP
	3.8
	.6
	2.8
	5.0
	.146

	 
	PROTECTED WELL
	7.8
	.8
	6.4
	9.4
	.100

	 
	UNPROTECTED WELL
	39.5
	1.4
	36.8
	42.4
	.036

	 
	RIVER
	48.9
	1.5
	46.1
	51.8
	.030


Table A.2 shows the results of 5% sample obtained using a systematic sampling technique. 

Table A.2 Results of systematic sampling for population mean and proportion for selected analysis variables (5%)

	 
	Estimate
	Standard Error
	95% Confidence Interval
	Coefficient of Variation

	 
	 
	 
	Lower
	Upper
	 

	Mean
	AGE
	22.48
	.117
	22.25
	22.71
	.005

	% of Total
	MALE
	49.4
	.4
	48.6
	50.2
	.008

	 
	FEMALE
	50.6
	.4
	49.8
	51.4
	.008

	% of Total
	PRE-SCHOOL
	.2
	.0
	.1
	.2
	.142

	 
	GRADE ONE
	2.1
	.1
	1.8
	2.3
	.065

	 
	GRADE TWO
	2.6
	.1
	2.4
	2.9
	.049

	 
	GRADE THREE
	2.4
	.1
	2.2
	2.7
	.043

	 
	GRADE FOUR
	2.2
	.1
	2.0
	2.4
	.048

	 
	GRADE FIVE
	1.0
	.1
	.9
	1.2
	.079

	 
	GRADE SIX
	.9
	.1
	.7
	1.0
	.093

	 
	GRADE SEVEN
	.6
	.1
	.5
	.8
	.117

	 
	GRADE EIGHT
	.4
	.0
	.4
	.5
	.102

	 
	GRADE NINE
	.3
	.0
	.3
	.4
	.111

	 
	GRADE TEN
	.2
	.0
	.2
	.3
	.149

	 
	GRADE ELEVEN
	.2
	.0
	.1
	.2
	.167

	 
	GRADE TWELVE
	.3
	.0
	.2
	.4
	.135

	 
	CERTIFICATE
	.1
	.0
	.1
	.2
	.260

	 
	DIPLOMA
	.0
	.0
	.0
	.1
	.353

	 
	DEGREE
	.0
	.0
	.0
	.0
	.578

	 
	POST GRADUATE
	.0
	.0
	.0
	.0
	.707

	 
	NON_REGULAR
	1.7
	.3
	1.2
	2.5
	.186

	 
	ATTENDED_PAST
	6.9
	.4
	6.1
	7.7
	.060

	 
	NEVER ATTENDED
	77.8
	.7
	76.5
	79.1
	.009

	% of Total
	TAP
	3.1
	.2
	2.7
	3.6
	.073

	 
	PROTECTED WELL
	7.3
	.3
	6.7
	8.0
	.046

	 
	UNPROTECTED WELL
	41.0
	.6
	39.7
	42.2
	.016

	 
	RIVER
	48.6
	.6
	47.4
	49.9
	.013


Table A.3 shows the results of 10% sample obtained using a systematic sampling technique. 

Table A.3 Results of systematic sampling for population mean and proportion for selected analysis variables (10%)

	 
	Estimate
	Standard Error
	95% Confidence Interval
	Coefficient of Variation

	 
	 
	 
	Lower
	Upper
	 

	Mean
	AGE
	22.43
	.077
	22.28
	22.59
	.003

	% of Total
	MALE
	49.3
	.2
	48.8
	49.8
	.005

	 
	FEMALE
	50.7
	.2
	50.2
	51.2
	.005

	% of Total
	PRE-SCHOOL
	.2
	.0
	.1
	.2
	.106

	 
	GRADE ONE
	2.0
	.1
	1.9
	2.2
	.046

	 
	GRADE TWO
	2.5
	.1
	2.3
	2.7
	.035

	 
	GRADE THREE
	2.5
	.1
	2.3
	2.6
	.029

	 
	GRADE FOUR
	2.2
	.1
	2.0
	2.3
	.032

	 
	GRADE FIVE
	.9
	.0
	.8
	1.0
	.053

	 
	GRADE SIX
	.8
	.1
	.7
	1.0
	.066

	 
	GRADE SEVEN
	.6
	.0
	.5
	.7
	.070

	 
	GRADE EIGHT
	.5
	.0
	.4
	.5
	.072

	 
	GRADE NINE
	.4
	.0
	.3
	.4
	.098

	 
	GRADE TEN
	.2
	.0
	.2
	.3
	.166

	 
	GRADE ELEVEN
	.2
	.0
	.1
	.3
	.203

	 
	GRADE TWELVE
	.3
	.0
	.2
	.3
	.115

	 
	CERTIFICATE
	.1
	.0
	.0
	.1
	.208

	 
	DIPLOMA
	.0
	.0
	.0
	.0
	.317

	 
	DEGREE
	.0
	.0
	.0
	.0
	.707

	 
	POST GRADUATE
	.0
	.0
	.0
	.0
	.577

	 
	NON_REGULAR
	1.5
	.1
	1.4
	1.7
	.048

	 
	ATTENDED_PAST
	6.7
	.2
	6.3
	7.2
	.036

	 
	NEVER ATTENDED
	78.5
	.4
	77.7
	79.2
	.005

	% of Total
	TAP
	3.2
	.2
	2.9
	3.6
	.050

	 
	PROTECTED WELL
	7.7
	.2
	7.2
	8.2
	.032

	 
	UNPROTECTED WELL
	40.7
	.5
	39.8
	41.5
	.011

	 
	RIVER
	48.4
	.5
	47.5
	49.3
	.009


Appendix B: Stratified sampling

The following Table B.1 shows the results of 1% sample obtained using a stratified sampling technique. 

Table B.1 Results of stratified sampling for population mean and proportion for selected analysis variables (1%)

	
	Estimate
	Standard Error
	95% Confidence Interval
	Coefficient of Variation
	Design Effect

	 
	 
	 
	Lower
	Upper
	 
	 

	Mean
	AGE
	22.59
	.228
	22.14
	23.04
	.010
	.870

	% of Total
	MALE
	48.1
	.5
	47.0
	49.1
	.011
	.742

	 
	FEMALE
	51.9
	.5
	50.9
	53.0
	.010
	.742

	% of Total
	PRE-SCHOOL
	.1
	.0
	.0
	.2
	.445
	1.000

	 
	GRADE ONE
	1.7
	.2
	1.4
	2.1
	.108
	1.065

	 
	GRADE TWO
	3.0
	.2
	2.5
	3.5
	.080
	1.019

	 
	GRADE THREE
	2.6
	.2
	2.2
	3.1
	.087
	1.049

	 
	GRADE FOUR
	2.2
	.2
	1.
	2.7
	.094
	1.029

	 
	GRADE FIVE
	.9
	.1
	.7
	1.2
	.151
	1.047

	 
	GRADE SIX
	.8
	.1
	.6
	1.1
	.156
	1.044

	 
	GRADE SEVEN
	.6
	.1
	.4
	.9
	.183
	1.085

	 
	GRADE EIGHT
	.4
	.1
	.3
	.6
	.209
	.980

	 
	GRADE NINE
	.3
	.1
	.2
	.5
	.255
	.987

	 
	GRADE TEN
	.2
	.1
	.1
	.3
	.391
	1.238

	 
	GRADE ELEVEN
	.1
	.1
	.1
	.3
	.374
	.992

	 
	GRADE TWELVE
	.3
	.1
	.2
	.5
	.303
	1.393

	 
	CERTIFICATE
	.1
	.0
	.0
	.3
	.609
	1.500

	 
	DIPLOMA
	.0
	.0
	.0
	.1
	.995
	1.003

	 
	NON_REGULAR
	2.2
	.4
	1.6
	3.0
	.165
	3.114

	 
	ATTENDED_PAST
	6.2
	.4
	5.5
	7.1
	.065
	1.444

	 
	NEVER ATTENDED
	78.2
	.8
	76.6
	79.8
	.011
	2.083

	% of Total
	TAP
	2.4
	.4
	1.7
	3.4
	.182
	.995

	 
	PROTECTED WELL
	8.1
	.8
	6.6
	9.8
	.099
	1.054

	 
	UNPROTECTED WELL
	38.6
	1.4
	35.9
	41.4
	.036
	1.004

	 
	RIVER
	50.9
	1.4
	48.1
	53.7
	.028
	1.011


The following Table B.2 shows the results of 5% sample obtained using a stratified sampling technique. 

Table B.2 Results of stratified sampling for population mean and proportion for selected analysis variables (5%)

	
	Estimate
	Standard Error
	95% Confidence Interval
	Coefficient of Variation
	Design Effect

	 
	 
	 
	Lower
	Upper
	 
	 

	Mean
	AGE
	22.69
	.118
	22.45
	22.92
	.005
	1.258

	% of Total
	MALE
	49.8
	.3
	49.1
	50.4
	.007
	1.468

	 
	FEMALE
	50.2
	.3
	49.6
	50.9
	.007
	1.468

	% of Total
	PRE-SCHOOL
	.2
	.0
	.1
	.3
	.139
	1.036

	 
	GRADE ONE
	1.9
	.1
	1.7
	2.1
	.048
	1.195

	 
	GRADE TWO
	2.4
	.1
	2.2
	2.6
	.040
	1.082

	 
	GRADE THREE
	2.5
	.1
	2.3
	2.7
	.044
	1.354

	 
	GRADE FOUR
	2.1
	.1
	1.9
	2.3
	.045
	1.191

	 
	GRADE FIVE
	1.0
	.1
	.9
	1.3
	.097
	2.701

	 
	GRADE SIX
	.7
	.1
	.6
	.9
	.099
	1.968

	 
	GRADE SEVEN
	.6
	.1
	.5
	.8
	.143
	3.606

	 
	GRADE EIGHT
	.4
	.0
	.3
	.5
	.124
	1.645

	 
	GRADE NINE
	.3
	.0
	.2
	.4
	.116
	1.108

	 
	GRADE TEN
	.2
	.0
	.1
	.3
	.143
	1.072

	 
	GRADE ELEVEN
	.2
	.0
	.1
	.3
	.149
	1.188

	 
	GRADE TWELVE
	.3
	.0
	.2
	.4
	.135
	1.538

	 
	CERTIFICATE
	.1
	.0
	.0
	.1
	.273
	1.729

	 
	DIPLOMA
	.0
	.0
	.0
	.0
	.563
	1.000

	 
	DEGREE
	.0
	.0
	.0
	.0
	.975
	1.000

	 
	POST GRADUATE
	.0
	.0
	.0
	.1
	.563
	2.000

	 
	NON_REGULAR
	1.8
	.2
	1.4
	2.2
	.117
	6.822

	 
	ATTENDED_PAST
	6.3
	.3
	5.7
	7.0
	.054
	5.311

	 
	NEVER ATTENDED
	78.9
	.5
	77.8
	79.9
	.007
	4.501

	% of Total
	TAP
	3.0
	.2
	2.6
	3.5
	.072
	.995

	 
	PROTECTED WELL
	8.0
	.3
	7.4
	8.7
	.043
	1.003

	 
	UNPROTECTED WELL
	40.4
	.6
	39.2
	41.6
	.015
	.989

	 
	RIVER
	48.6
	.6
	47.4
	49.8
	.013
	.993


The following Table B.3 shows the results of 10% sample obtained using a stratified sampling technique. 

Table B.3 Results of stratified sampling for population mean and proportion for selected analysis variables (10%)

	
	Estimate
	Standard Error
	95% Confidence Interval
	Coefficient of Variation
	Design Effect

	 
	 
	 
	Lower
	Upper
	 
	 

	Mean
	AGE
	22.58
	.075
	22.44
	22.73
	.003
	1.084

	% of Total
	MALE
	49.7
	.2
	49.3
	50.2
	.005
	1.489

	 
	FEMALE
	50.3
	.2
	49.8
	50.7
	.005
	1.489

	% of Total
	PRE-SCHOOL
	.2
	.0
	.2
	.3
	.092
	1.049

	 
	GRADE ONE
	2.0
	.1
	1.8
	2.2
	.045
	2.400

	 
	GRADE TWO
	2.3
	.1
	2.2
	2.4
	.029
	1.157

	 
	GRADE THREE
	2.4
	.1
	2.3
	2.6
	.029
	1.196

	 
	GRADE FOUR
	2.1
	.1
	2.0
	2.3
	.030
	1.183

	 
	GRADE FIVE
	1.0
	.0
	.9
	1.1
	.044
	1.135

	 
	GRADE SIX
	.8
	.0
	.7
	.8
	.051
	1.185

	 
	GRADE SEVEN
	.5
	.0
	.5
	.6
	.061
	1.144

	 
	GRADE EIGHT
	.5
	.0
	.4
	.5
	.067
	1.207

	 
	GRADE NINE
	.3
	.0
	.3
	.4
	.088
	1.362

	 
	GRADE TEN
	.2
	.0
	.2
	.3
	.133
	2.361

	 
	GRADE ELEVEN
	.2
	.0
	.1
	.3
	.178
	3.656

	 
	GRADE TWELVE
	.3
	.0
	.2
	.3
	.113
	2.012

	 
	CERTIFICATE
	.1
	.0
	.0
	.1
	.227
	2.129

	 
	DIPLOMA
	.0
	.0
	.0
	.0
	.447
	1.332

	 
	DEGREE
	.0
	.0
	.0
	.0
	.474
	1.000

	 
	POST GRADUATE
	.0
	.0
	.0
	.0
	.387
	1.000

	 
	NON_REGULAR
	1.8
	.2
	1.5
	2.1
	.083
	7.361

	 
	ATTENDED_PAST
	6.7
	.3
	6.2
	7.2
	.038
	5.931

	 
	NEVER ATTENDED
	78.5
	.4
	77.8
	79.2
	.005
	4.612

	% of Total
	TAP
	3.1
	.2
	2.8
	3.4
	.049
	1.017

	 
	PROTECTED WELL
	7.6
	.2
	7.1
	8.0
	.030
	1.001

	 
	UNPROTECTED WELL
	41.1
	.4
	40.3
	42.0
	.010
	.995

	 
	RIVER
	48.2
	.4
	47.4
	49.1
	.009
	.998


Appendix C:  Cluster sampling

The following Table C.1 shows the results of 1% sample obtained using a cluster sampling technique. 

Table C.1 Results of stratified sampling for population mean and proportion for selected analysis variables (1%)

	 
	Estimate

 
	Standard Error
	95% Confidence Interval
	Coefficient of Variation

 
	Design Effect

 

	
	
	 
	Lower
	Upper
	
	

	Mean
	AGE
	22.61
	.309
	21.95
	23.27
	.014
	.910

	% of Total
	MALE
	48.5
	1.5
	45.4
	51.7
	.030
	3.023

	 
	FEMALE
	51.5
	1.5
	48.3
	54.6
	.029
	3.023

	% of Total
	PRE-SCHOOL
	.1
	.1
	.0
	.3
	.458
	.791

	 
	GRADE ONE
	1.8
	.3
	1.2
	2.7
	.187
	1.843

	 
	GRADE TWO
	3.3
	.5
	2.4
	4.6
	.150
	2.214

	 
	GRADE THREE
	2.7
	.5
	1.9
	3.9
	.165
	2.195

	 
	GRADE FOUR
	2.3
	.3
	1.6
	3.1
	.152
	1.540

	 
	GRADE FIVE
	.8
	.2
	.5
	1.4
	.249
	1.468

	 
	GRADE SIX
	1.0
	.3
	.5
	2.0
	.339
	3.266

	 
	GRADE SEVEN
	.7
	.3
	.3
	1.5
	.375
	2.714

	 
	GRADE EIGHT
	.6
	.3
	.2
	1.7
	.449
	3.708

	 
	GRADE NINE
	.5
	.2
	.2
	1.1
	.369
	2.026

	 
	GRADE TEN
	.4
	.1
	.2
	.9
	.396
	1.671

	 
	GRADE ELEVEN
	.4
	.2
	.2
	1.1
	.419
	2.228

	 
	GRADE TWELVE
	.3
	.2
	.1
	.9
	.484
	2.187

	 
	CERTIFICATE
	.0
	.0
	.0
	.3
	.993
	.978

	 
	DIPLOMA
	.0
	.0
	.0
	.3
	1.002
	.990

	 
	DEGREE
	.0
	.0
	.0
	.3
	1.002
	.990

	 
	POST GRADUATE
	.0
	.0
	.0
	.3
	1.028
	.874

	 
	NON_REGULAR
	1.6
	.3
	1.1
	2.5
	.206
	2.038

	 
	ATTENDED_PAST
	8.2
	1.9
	4.9
	13.3
	.235
	14.116

	 
	NEVER ATTENDED
	75.0
	3.6
	66.6
	81.9
	.048
	19.736

	% of Total
	TAP
	2.8
	.7
	1.6
	4.7
	.247
	1.172

	 
	PROTECTED WELL
	5.9
	1.0
	4.1
	8.5
	.167
	1.196

	 
	UNPROTECTED WELL
	39.1
	2.4
	34.1
	44.4
	.062
	1.686

	 
	RIVER
	52.2
	2.7
	46.4
	57.9
	.052
	1.999


The following Table C.2 shows the results of 5% sample obtained using a cluster sampling technique. 

Table C.2 Results of stratified sampling for population mean and proportion for selected analysis variables (5%)
	 
	Estimate

 
	Standard Error

 
	95% Confidence Interval
	Coefficient of Variation

 
	Design Effect

 

	
	
	
	Lower
	Upper
	
	

	Mean
	P18_AGE
	22.30
	.165
	21.94
	22.65
	.007
	1.301

	% of Total
	MALE
	48.9
	.4
	48.0
	49.8
	.009
	1.250

	 
	FEMALE
	51.1
	.4
	50.2
	52.0
	.008
	1.250

	% of Total
	PRE-SCHOOL
	.2
	.0
	.2
	.4
	.186
	1.220

	 
	GRADE ONE
	1.9
	.3
	1.4
	2.5
	.143
	5.478

	 
	GRADE TWO
	2.3
	.2
	2.0
	2.8
	.083
	2.329

	 
	GRADE THREE
	2.4
	.3
	1.8
	3.0
	.113
	4.348

	 
	GRADE FOUR
	2.3
	.3
	1.7
	3.0
	.129
	5.459

	 
	GRADE FIVE
	1.0
	.1
	.7
	1.3
	.136
	2.600

	 
	GRADE SIX
	.7
	.1
	.5
	.9
	.154
	2.231

	 
	GRADE SEVEN
	.5
	.1
	.4
	.7
	.164
	1.990

	 
	GRADE EIGHT
	.4
	.1
	.3
	.6
	.198
	2.166

	 
	GRADE NINE
	.2
	.1
	.1
	.4
	.242
	1.838

	 
	GRADE TEN
	.3
	.0
	.2
	.4
	.186
	1.286

	 
	GRADE ELEVEN
	.2
	.1
	.1
	.4
	.379
	3.423

	 
	GRADE TWELVE
	.2
	.1
	.1
	.4
	.346
	3.062

	 
	CERTIFICATE
	.0
	.0
	.0
	.1
	.452
	1.356

	 
	DIPLOMA
	.0
	.0
	.0
	.1
	.669
	.890

	 
	NON_REGULAR
	1.5
	.2
	1.1
	1.9
	.116
	2.826

	 
	ATTENDED_PAST
	6.7
	.5
	5.7
	7.9
	.080
	6.472

	 
	NEVER ATTENDED
	79.3
	1.7
	75.4
	82.7
	.022
	25.160

	% of Total
	TAP
	2.2
	.4
	1.5
	3.1
	.166
	2.157

	 
	PROTECTED WELL
	6.9
	.6
	5.7
	8.3
	.091
	2.153

	 
	UNPROTECTED WELL
	40.5
	1.4
	37.5
	43.6
	.035
	3.011

	 
	RIVER
	50.4
	1.8
	46.6
	54.2
	.035
	4.451


The following Table C.3 shows the results of 10% sample obtained using a cluster sampling technique. 

Table C.3 Results of stratified sampling for population mean and proportion for selected analysis variables (10%)

	 
	Estimate

 
	Standard Error

 
	95% Confidence Interval
	Coefficient of Variation

 
	Design Effect

 

	
	
	
	Lower
	Upper
	
	

	Mean
	AGE
	22.59
	.115
	22.34
	22.83
	.005
	1.370

	% of Total
	MALE
	49.6%
	.3%
	48.9%
	50.2%
	.006
	1.523

	 
	FEMALE
	50.4%
	.3%
	49.8%
	51.1%
	.006
	1.523

	% of Total
	PRE-SCHOOL
	.2%
	.0%
	.1%
	.3%
	.169
	1.738

	 
	GRADE ONE
	1.8%
	.1%
	1.5%
	2.1%
	.077
	3.414

	 
	GRADE TWO
	2.5%
	.2%
	2.1%
	3.0%
	.079
	5.021

	 
	GRADE THREE
	2.5%
	.2%
	2.1%
	3.0%
	.087
	5.965

	 
	GRADE FOUR
	2.3%
	.2%
	1.8%
	2.8%
	.099
	7.055

	 
	GRADE FIVE
	1.0%
	.1%
	.8%
	1.3%
	.112
	3.945

	 
	GRADE SIX
	.7%
	.1%
	.5%
	1.0%
	.156
	5.636

	 
	GRADE SEVEN
	.5%
	.1%
	.3%
	.7%
	.180
	5.140

	 
	GRADE EIGHT
	.4%
	.1%
	.3%
	.6%
	.156
	3.175

	 
	GRADE NINE
	.2%
	.0%
	.1%
	.3%
	.204
	2.642

	 
	GRADE TEN
	.1%
	.0%
	.1%
	.2%
	.202
	1.840

	 
	GRADE ELEVEN
	.2%
	.0%
	.1%
	.3%
	.208
	2.202

	 
	GRADE TWELVE
	.2%
	.1%
	.1%
	.4%
	.263
	4.996

	 
	CERTIFICATE
	.1%
	.0%
	.1%
	.2%
	.300
	3.682

	 
	DIPLOMA
	.0%
	.0%
	.0%
	.0%
	.563
	.992

	 
	DEGREE
	.0%
	.0%
	.0%
	.0%
	.537
	.944

	 
	POST GRADUATE
	.0%
	.0%
	.0%
	.0%
	.790
	1.191

	 
	NON_REGULAR
	1.6%
	.1%
	1.4%
	1.9%
	.076
	2.961

	 
	ATTENDED_PAST
	7.0%
	.8%
	5.5%
	8.8%
	.109
	28.138

	 
	NEVER ATTENDED
	78.7%
	1.7%
	74.8%
	82.1%
	.022
	53.587

	% of Total
	TAP
	3.0
	.6
	2.0
	4.5
	.187
	7.592

	 
	PROTECTED WELL
	7.3
	.6
	6.0
	8.7
	.087
	4.088

	 
	UNPROTECTED WELL
	40.5
	1.5
	37.4
	43.7
	.037
	6.340

	 
	RIVER
	49.2
	1.9
	45.1
	53.3
	.039
	10.509


Appendix D: SPSS Syntax

Syntax for selecting a SRS.

CSPLAN SAMPLE

 /PLAN FILE='C:\Documents and Settings\cb255\Desktop\Analysis plan\SRS\sin.csplan'

 /PLANVARS SAMPLEWEIGHT=SampleWeight_Final_

 /PRINT PLAN

 /DESIGN  STRATA= id01_reg  CLUSTER= id02_zon id03_wer id04_tow id05_kef id07_keb id08_ea id12_hh

   /METHOD TYPE= SIMPLE_WOR  ESTIMATION= DEFAULT

   /RATE VALUE=0.01

   /STAGEVARS

     INCLPROB( InclusionProbability_1_ )

     CUMWEIGHT( SampleWeightCumulative_1_ )

     POPSIZE( PopulationSize_1_ )

     SAMPSIZE( SampleSize_1_ )

     RATE( SamplingRate_1_ )

     WEIGHT( SampleWeight_1_ ).

CSSELECT

 /PLAN FILE='C:\Documents and Settings\cb255\Desktop\Analysis plan\SRS\sin.csplan'

 /CRITERIA STAGES = 1 SEED = RANDOM

 /CLASSMISSING EXCLUDE

 /DATA RENAMEVARS

 /SAMPLEFILE OUTFILE = 'syn'

 /PRINT SELECTION.

Syntax to estimate the desired population parameters.
CSDESCRIPTIVES

 /PLAN FILE = 'C:\Users\user\Desktop\Analysis plan\SRS\srs_1%_design.csplan'

 /SUMMARY VARIABLES =p18_age

 /SUBPOP TABLE = id02_zon  DISPLAY=LAYERED

 /MEAN

 /STATISTICS SE CV CIN (95)

 /MISSING SCOPE = ANALYSIS CLASSMISSING = EXCLUDE.

Where  

p18_age = Age of respondent.

Id02_zon = Zone.

srs_1%_design.csplan = A complex sample plan file used to select the current data set.

Syntax for selecting stratified SRS.

CSPLAN SAMPLE

 /PLAN FILE='strsyn'

 /PLANVARS SAMPLEWEIGHT=SampleWeight_Final_

 /PRINT PLAN

 /DESIGN  STRATA= id02_zon  CLUSTER= id03_wer id04_tow id05_kef id07_keb id08_ea id12_hh

   /METHOD TYPE= SIMPLE_WOR  ESTIMATION= DEFAULT

   /RATE VALUE=0.01

   /STAGEVARS

     INCLPROB( InclusionProbability_1_ )

     CUMWEIGHT( SampleWeightCumulative_1_ )

     POPSIZE( PopulationSize_1_ )

     SAMPSIZE( SampleSize_1_ )

     RATE( SamplingRate_1_ )

     WEIGHT( SampleWeight_1_ ).

CSSELECT

 /PLAN FILE='strsyn'

 /CRITERIA STAGES = 1 SEED = RANDOM

 /CLASSMISSING EXCLUDE

 /DATA RENAMEVARS

 /PRINT SELECTION.

Syntax to estimate population parameter.
CSDESCRIPTIVES

 /PLAN FILE = 'C:\Users\user\Desktop\Analysis plan\SRS\srs_1%_design.csplan'

 /SUMMARY VARIABLES =p18_age

 /SUBPOP TABLE = id02_zon  DISPLAY=LAYERED

 /MEAN

 /STATISTICS SE CV CIN (95)

 /MISSING SCOPE = ANALYSIS CLASSMISSING = EXCLUDE.

Where  

p18_age = Age of respondent.

Id02_zon = Zone.

srs_1%_design.csplan = A complex sample plan file used to select the current data set.
Syntax for selecting cluster sampling.

CSPLAN SAMPLE

 /PLAN FILE='C:\Users\user\Desktop\Analysis plan\cluster\clu_1%_design.csplan'

 /PLANVARS SAMPLEWEIGHT=SampleWeight_Final_

 /PRINT PLAN

 /DESIGN  STRATA= id02_zon  CLUSTER= id03_wer

   /METHOD TYPE= PPS_WOR  ESTIMATION= DEFAULT

   /MOS SOURCE= FROMDATA MIN= 671 MAX= 6320

   /RATE VALUE=0.5

   /STAGEVARS

     INCLPROB( InclusionProbability_1_ )

     CUMWEIGHT( SampleWeightCumulative_1_ )

     POPSIZE( PopulationSize_1_ )

     SAMPSIZE( SampleSize_1_ )

     RATE( SamplingRate_1_ )

     WEIGHT( SampleWeight_1_ )

 /DESIGN  STRATA= id04_tow  CLUSTER= id05_kef id07_keb id08_ea id12_hh

   /METHOD TYPE= SIMPLE_WOR

   /RATE VALUE=0.01

   /STAGEVARS

     INCLPROB( InclusionProbability_2_ )

     CUMWEIGHT( SampleWeightCumulative_2_ )

     POPSIZE( PopulationSize_2_ )

     SAMPSIZE( SampleSize_2_ )

     RATE( SamplingRate_2_ )

     WEIGHT( SampleWeight_2_ ).

CSSELECT

 /PLAN FILE='C:\Users\user\Desktop\Analysis plan\cluster\clu_1%_design.csplan'

 /CRITERIA STAGES = 1 2 SEED = RANDOM

 /CLASSMISSING EXCLUDE

 /DATA RENAMEVARS

 /JOINTPROB OUTFILE = 'C:\Users\user\Desktop\Analysis plan\cluster\clu_1%_design.sav'

 /PRINT SELECTION.

Syntax to estimate population parameter.

CSDESCRIPTIVES

 /PLAN FILE = 'C:\Users\user\Desktop\Analysis plan\cluster\clu_10%_design.csplan'

 /JOINTPROB FILE = 'C:\Users\user\Desktop\Analysis plan\cluster\clu_10%_design.sav'

 /SUMMARY VARIABLES =p18_age

 /SUBPOP TABLE = id02_zon  DISPLAY=LAYERED

 /MEAN

 /STATISTICS SE CV DEFF CIN (95)

 /MISSING SCOPE = ANALYSIS CLASSMISSING = EXCLUDE.

Appendix E:  Jack-knife R programs 

Jack-knife program for SRS 

library("bootstrap")

library("foreign")

cprop1 <- function(x){ mean(x==i) }

datasrs=read.spss("cludata10.sav",use.value.labels=FALSE,to.data.frame=TRUE)

ltt=c(0,1,2,3,4,5,6,7,8,9,10,11,12,20,21,22,23,96,97,98)

theta <- function(x){ mean(x)}

results <- jackknife(datasrs[,2],theta) 

round(results$jack.se,3)

for (i in 1:2) {

  results <- jackknife(na.omit(datasrs[,1]),cprop1) 

  cat(round(results$jack.se,3)*100,"\n")

  }

for (i in ltt ) {

  results <- jackknife(na.omit(datasrs[,3]),cprop1) 

  cat(round(results$jack.se,3)*100,"\n")

  }

datasrs=read.spss("hcludata10.sav",use.value.labels=FALSE,to.data.frame=TRUE)

for (i in 1:4 ) {

  results <- jackknife(na.omit(datasrs[,1]),cprop1) 

  cat(round(results$jack.se,3)*100,"\n")

  }

Jack-knife program for Stratified Sampling

library("bootstrap")

library("foreign")

result=0

resultsex=0

cprop1 <- function(x){ mean(x==i) }

datasrs=read.spss("strtest.sav",use.value.labels=FALSE,to.data.frame=TRUE)

ltt=c(0,1,2,3,4,5,6,7,8,9,10,11,12,20,21,22,23,96,97,98)

#datasrs=na.omit(datasrs)

for (j in 1:4)

{

for(i in 1:length(datasrs[,1])){if(datasrs[i,1]==j){b=rbind(b,datasrs[i,])}}

theta <- function(b){ mean(b)}

results <- jackknife(datasrs[,3],theta) 

result=result+results$jack.se

}

round(result/4,3)

b=c()

resultsex=0

for (i in 1:2) {


for (j in 1:4)



{




for(k in 1:length(datasrs[,1])){if(datasrs[k,1]==j){b=rbind(b,datasrs[k,])}}

  


results <- jackknife(na.omit(b[,2]),cprop1) 

  


resultsex=resultsex+results$jack.se




b=c()

  

}


cat(round(resultsex/4,3)*100,"\n")


b=c()


resultsex=0

}

b=c()

resultatt=0

for (i in ltt)


 {


for (j in 1:4)



{



  for(k in 1:length(datasrs[,1])){if(datasrs[k,1]==j){b=rbind(b,datasrs[k,])}}



  results <- jackknife(na.omit(b[,4]),cprop1)

 

  resultatt=resultatt+results$jack.se 

 

  b=c()

    

}



cat(round(resultatt/4,3)*100,"\n")



b=c()



resultatt=0


}

datasrs=read.spss("hstrtest.sav",use.value.labels=FALSE,to.data.frame=TRUE)

b=c()

resultws=0

for (i in 1:4)


 {


for (j in 1:4)



{



  for(k in 1:length(datasrs[,1])){if(datasrs[k,1]==j){b=rbind(b,datasrs[k,])}}



  results <- jackknife(na.omit(b[,2]),cprop1)



  resultws=resultws+results$jack.se 

 

  b=c()



}



cat(round(resultws/4,3)*100,"\n")



b=c()



resultws=0

  }

Jack-knife program for Cluster Sampling

library("bootstrap")

library("foreign")

result=0

resultsex=0

cprop1 <- function(x){ mean(x==l) }

datasrs=read.spss("clutest.sav",use.value.labels=FALSE,to.data.frame=TRUE)

ltt=c(0,1,2,3,4,5,6,7,8,9,10,11,12,20,21,22,23,96,97,98)

#datasrs=na.omit(datasrs)

b=c()

c=c()

resultct=0

resultc=0

count=0

for (j in 1:4)

{

b=c()

for(i in 1:length(datasrs[,1])){if(datasrs[i,1]==j){b=rbind(b,datasrs[i,])}}

for(p in 1:10)

{


for(i in 1:length(b[,1])){if(b[i,2]==p){c=rbind(c,b[i,])}}


theta <- function(c){ mean(c)}


  if (length(c[,1])==0){count=count+1}else{


                        results <- jackknife(c[,4],theta) 


                        resultc=resultc+results$jack.se}


c=c()

}


resultct=resultct+resultc/(10-count)


count=0


c=c()

}

round(resultct/4,3)

b=c()

resultsex=0

resultsext=0

for (l in 1:2) {


for (j in 1:4)



{




b=c()




for(i in 1:length(datasrs[,1])){if(datasrs[i,1]==j){b=rbind(b,datasrs[i,])}}




for(p in 1:10)





{






for(i in 1:length(b[,1])){if(b[i,2]==p){c=rbind(c,b[i,])}}






if (length(c[,1])==0){count=count+1}else{

  





results <- jackknife(na.omit(c[,3]),cprop1) 

  





resultsex=resultsex+results$jack.se}






c=c()





}



resultsext=resultsext+resultsex/(10-count)



count=0



c=c()



}


cat(round(resultsext/4,3)*100,"\n")


b=c()


resultsex=0


resultsext=0


}

count=0

b=c()

resultatt=0

resultattt=0

for (l in ltt)


 {


for (j in 1:4)



{



  b=c()



  for(k in 1:length(datasrs[,1])){if(datasrs[k,1]==j){b=rbind(b,datasrs[k,])}}



  for(p in 1:10)





{





  for(i in 1:length(b[,1])){if(b[i,2]==p){c=rbind(c,b[i,])}}





  if (length(c[,1])==0){count=count+1}else{





  results <- jackknife(na.omit(c[,5]),cprop1)

 



  resultatt=resultatt+results$jack.se}





  c=c()





} 

 

 resultattt=resultattt+resultatt/(10-count)



count=0



c=c()

    

}



cat(round(resultattt/4,3)*100,"\n")



b=c()



resultatt=0



resultattt=0


}

datasrs=read.spss("hclutest.sav",use.value.labels=FALSE,to.data.frame=TRUE)

b=c()

resultws=0

resultwst=0

for (l in 1:4)


 {


for (j in 1:4)



{



  b=c()



  for(k in 1:length(datasrs[,1])){if(datasrs[k,1]==j){b=rbind(b,datasrs[k,])}}



  for(p in 1:10)





{





  for(i in 1:length(b[,1])){if(b[i,2]==p){c=rbind(c,b[i,])}}





   if (length(c[,1])==0){count=count+1}else{




 

  results <- jackknife(na.omit(c[,3]),cprop1)





  resultws=resultws+results$jack.se }

 

  

  c=c()





}

 
  
resultwst=resultwst+resultws/(10-count)



count=0



c=c()



}



cat(round(resultwst/4,3)*100,"\n")



b=c()



resultws=0



resultwst=0

  }

� EMBED Equation.3  ���








� EMBED Excel.Sheet.8  ���














1
PAGE  

[image: image85.emf]0

10

20

30

40

50

60

TAP PROTECTED WELL

UNPROTECTED 

WELL

RIVER

Population Percentages

Source

Figure 5.1.3 : Source of Water

Population Parameter

SRS

Systematic Sampling

Stratified Sampling

Cluster Sampling

[image: image86.wmf]a

a

a

a

/

1

3

2

1

]

3

/

)

[(

1

P

P

P

HPI

+

+

=

_1254082619.unknown

_1254906091.unknown

_1266262823.unknown

_1266264106.unknown

_1266505384.unknown

_1266506626.unknown

_1266508722.unknown

_1266584276.unknown

_1266506871.unknown

_1266505547.unknown

_1266264442.unknown

_1266263554.unknown

_1266263683.unknown

_1266263041.unknown

_1254908983.unknown

_1265521065.unknown

_1265562165.unknown

_1265562789.unknown

_1265562729.unknown

_1265524638.unknown

_1265439212.unknown

_1265452238.xls
Chart4

		PRE-SCHOOL		PRE-SCHOOL		PRE-SCHOOL		PRE-SCHOOL

		GRADE ONE		GRADE ONE		GRADE ONE		GRADE ONE

		GRADE TWO		GRADE TWO		GRADE TWO		GRADE TWO

		GRADE THREE		GRADE THREE		GRADE THREE		GRADE THREE

		GRADE FOUR		GRADE FOUR		GRADE FOUR		GRADE FOUR

		GRADE FIVE		GRADE FIVE		GRADE FIVE		GRADE FIVE

		GRADE SIX		GRADE SIX		GRADE SIX		GRADE SIX

		GRADE SEVEN		GRADE SEVEN		GRADE SEVEN		GRADE SEVEN

		GRADE EIGHT		GRADE EIGHT		GRADE EIGHT		GRADE EIGHT

		GRADE NINE		GRADE NINE		GRADE NINE		GRADE NINE

		GRADE TEN		GRADE TEN		GRADE TEN		GRADE TEN

		GRADE ELEVEN		GRADE ELEVEN		GRADE ELEVEN		GRADE ELEVEN

		GRADE TWELVE		GRADE TWELVE		GRADE TWELVE		GRADE TWELVE

		CERTIFICATE		CERTIFICATE		CERTIFICATE		CERTIFICATE

		DIPLOMA		DIPLOMA		DIPLOMA		DIPLOMA

		DEGREE		DEGREE		DEGREE		DEGREE

		POST GRADUATE		POST GRADUATE		POST GRADUATE		POST GRADUATE

		NON_REGULAR		NON_REGULAR		NON_REGULAR		NON_REGULAR

		ATTENDED_PAST		ATTENDED_PAST		ATTENDED_PAST		ATTENDED_PAST

		NEVER ATTENDED		NEVER ATTENDED		NEVER ATTENDED		NEVER ATTENDED



SRS

Systematic Sampling

Stratified Sampling

Cluster Sampling

Levels

Relative Accuracy

Figure 5.1.2 : Relative Accuracy of School Attendance
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Figure 5.1.1 : School Attendance for 1% Sample
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