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Manual of good practices in sample design and extraction
Summary
This document covers the basic principles of sample design and extraction and presents the methods most commonly used by Eustat. This manual of good practices is intended to be an instrument for the quality management to be developed within the Eustat Quality Plan.
The document describes the sampling schemes (frames, types of design, etc.) used in the socio-demographic and economics surveys respectively. It also makes reference to the software used in the sample extraction and specifies the procedure employed.
Finally, the sample design of two key operations for the Statistics Office are laid out in detail; one being socio-demographic, the Survey on the Population in Relation to Activity (PRA) and the other economic, the Industrial Statistics.
Vitoria-Gasteiz, March 2008
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Introduction
Sample-based surveys, in contrast to censuses, or the use of administrative sources which compile information from all the elements of the population under study, are based on the selection of a part of the population that we call a sample and upon which the collection work is conducted. Using the information compiled from the sampling units, inferences are made regarding the whole population.
The samples can be probabilistic or not, although statistics offices usually work with the former.
If probabilistic selection techniques are used, by which all the population units have a positive and known probability of selection, it results in the representative sample of the population from which it is extracted.
The sampling method used and the sample size established depend on multiple factors such as: the level of accuracy called for from the estimations by thematic group or spatially, the available population frames, the availability of auxiliary information for population stratification and selection of the sample, the estimation method to be used, the possible procedures for access to the sample, the collection time and the budget available, among others.
The auxiliary information available can also be used in the estimation phase, in order to improve the accuracy of the estimations.
The fact that the study variables are measured solely against the sample and not against the population produces an error in the estimations due to the sampling. If the same sample is repeated several times, the estimations from sample to sample will vary depending on this sampling error, which is due to the sampling design chosen and the estimation procedure used.
The sampling error varies inversely to the size of the sample; the larger the sample, the smaller the sampling error with the subsequent increase in data collection costs and with the possibility that other errors not connected with the sampling may be greater.
Throughout this process the use of all the auxiliary information available is important to obtain an efficient design, with the greatest accuracy and lowest cost possible. The concept of cost should also include the burden that has to be borne by informants in responding to the survey.
Thus the final level of accuracy of the estimations calculated depends on this sampling error and also on other errors not connected with the sampling.
INTRODUCTION
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Among errors not connected with the sampling are those produced by the use of an insufficiently updated frame. Which is to say that the target population differs considerably from the population frame used. This can lead to errors of over-coverage or under-coverage of the frame.
Over-coverage errors are produced when the frame contains elements that no longer belong to the target population.
Under-coverage errors occur when the frame does not contain all the elements of the target population, which is usually more problematic since it is more difficult to detect.
When the sample size available is insufficient for the estimation of certain domains, we have to resort to special small-area estimation techniques.
In a sampling survey, information on many variables is usually obtained at the same time. The size and design of the sample depends on the distribution of the study variables in the population. Therefore, when it comes to defining the design, the few variables considered as foremost have to be identified.
It must be remembered in the estimation process that the sample collected might not correspond to the sample designed due to: problems in updating the frame, non-response, classification errors of the units in the strata, etc, all of which should be considered and corrected if possible in the estimation.
In continuous or panel surveys, there will be special aspects to be born in mind when designing the sample. Depending on the phenomenon to be investigated and the demand for information, re-surveying periods will be established.
In the field of official statistics, increasing use is made of sampling designs based on rotating panels, where a part of the panel is permanent from one period to the next and one part is renewed in each period. The phenomenon of so-called “survey fatigue”, which seems to have increasing weight in the causes of rejection, also supports the development of this type of design.
A sequential order for entering and leaving the sample is established, once the period of continuity or its opposite, the renewal rate, is set.
To determine the rate of renewal from period to period a compromise has to be reached between the resultant advantages and disadvantages:
· On the one hand, a lower renewal rate (more prolonged continuity in the survey) produces greater stability in the estimation of the changes.
· On the other, a higher renewal rate (less continuity in the survey) leads to a better estimation of the levels, since it allows for better correction of frame errors and is also preferred for a lesser degree of survey fatigue among informants.
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Types of design used
The simplest type of sampling used is simple random sampling where all the units have the same probability of being selected.
In many cases auxiliary variables are available, permitting stratification of the population units. These variables may be related to the study variables or may determine the study (or dissemination) domains. In this case, stratified sampling is used where the selection is made independently.
The global size of the sample is distributed by stratum via different means of assignment: equal, proportional to the size of the stratum, allocation of minimum variance (which requires greater knowledge of the population characteristics of each stratum, since it requires not only knowing its size, but also knowing or estimation its variance).
In asymmetrical distributions such as those of economic variables, a small proportion of large population units provides a sizable part of the final estimation and in this case it is appropriate to include a census stratum of large units that enter the sample with probability 1. These units are denominated self-representing units. It is common sampling practice in economic surveys to determine as census strata the strata corresponding to an employment size over a certain quantity.
Another type of sampling used is cluster sampling where clusters or groupings of the latest units are selected instead of directly selecting the latest units.
In practice, this could be due to not having a list of all the latest units of the population and/or to wishing to obtain a sample concentrated in some of the cluster units to reduce the collection cost.
In this case it only requires the list of cluster units or primary sampling units (together with some auxiliary information according to the type of extraction, for example, an indicator of the size of the units for a selection proportional to size) and the lists of the latest units corresponding to the cluster units selected in the sample.
This type of sampling is used when census sections are selected to conduct surveys on family households in these sections and when households are selected to conduct surveys on the people who live in these households.
The fact that the variables used for the stratification are related to the study variables leads to the units within each stratum being homogenous. In general, the strata are characterised by being homogenous within themselves and heterogeneous between them.
TYPES OF DESIGN USED
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Conversely, clusters are heterogeneous within themselves and homogenous between them.
Stratification leads to a reduction in the variance of global estimation or an increase in accuracy, while the use of clusters, on the other hand, has the effect of increasing this variance (cluster effect).
The sample design can be obtained in a single stage or be multi-stage, where, in an initial phase, the clusters are selected and in a second phase some elements of these clusters are selected and so on in the case of more stages. We will therefore have sample units of the first stage, of the second stage and subsequent ones.
The selection of sample units may not be of equal probability for all the units but with probability proportional to the size of the units to be extracted.
This may be the case of clusters such as census sections, when these are extracted with a probability proportional to their population. It may also be the case with economic establishments when they are selected with a probability dependent on an indicator of its size.
When establishing the distribution of the sample in stratified sampling we must consider the problem of units that change the stratum. When making the allocation, we might use expected rates of badly classified units in each stratum. In the event of not possessing these rates this problem will have to be corrected in the estimation stage.
TYPES OF DESIGN USED
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Socio-demographic samples
Socio-demographic samples tend to be samples of family dwellings obtained in 1, 2, or 3 stages. The population frame in the case of Eustat consists of the Housing Directory. In the majority of cases the frame is occupied family dwellings and so the Housing Directory is connected with the Statistical Population Register (REP) via the housing indicator (IDEV).
The global size of the sample is usually determined by the recommendations of international statistics bodies, by the level of disaggregation with which sensitive population or territorial groups are wished to be accurately represented, by the references available of similar surveys from within or from outside, by the availability of a standard sample design, by the information obtained from the pre-tests that might have been carried out and almost always, to a greater or lesser degree, by the technical capacity and the budget available.
The samples obtained in one stage are normally stratified, at least by province and in some cases by some other variable related to the variables of interest and available in the Housing Directory
The assignment or distribution of the global size of the sample by stratum is normally proportional to the population in each stratum or to the square root of the population of the stratum.
Distribution by province is normally proportional to the square root of the population to favour the provinces with smaller populations and obtain an equal level of representation in each.
In each stratum an independent sample is obtained. The selection may be random or may be obtained systematically.
The systematic sample is obtained having first ordered the frame by postal address so that a geographically stratified sample is implicitly obtained.
If the information collected in the household is that if the individuals who reside there, this is a sample of clusters, since dwellings are selected to interview people.
The two-stage samples of households consist of a first stage of selecting census sections and a second of selecting households. In the households all residents are interviewed 
The first stage normally consists of a selection in the strata determined by the province and the section type.
SOCIO-DEMOGRAPHIC SAMPLES
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This type of section comes from a prior analysis of the classification of sections according to their census characteristics. Given that, for now, only five-yearly census sources are available and that the sections vary constantly, it is necessary to assign types to the new sections.
The allocation or distribution of the number of sections per stratum is done previously. In general, the distribution is by province, proportional to the square root of the population in each province and within each one proportional to the population of each type (which is to say the population of all the sections to which this type is assigned). The selection of the sample of sections in each stratum is independent.
The probability of selection of sections is proportional to their population.
The second stage is the selection of the households, normally a set number per section and with the same probability for all the households of the section.
The final probability of selection of a household, product of the first and second stage probabilities, is the same for all the households with each stratum. This sample is known as self-weighted because all the units have the same weight.
These two-stage samples correspond therefore to cluster sampling (census sections) and stratified sampling (the census sections are distributed in strata).
The selection frame of the first stage is the list of the census sections of the A.C. of the Basque Country, with an indicator of their size that is usually the population of the census section (or the number of dwellings within it).
The selection frame of the second stage is the list of households according to the Directory in the sections extracted in the first stage.
In some surveys there is a stage following the selection of households, which is the selection of people within the household. It can be done previously, once the people contained in the REP are assigned to their household (with the possibility of temporary imbalances in the frame) or at the time of the survey itself; if the collection is based on CATI, CAPI or CAWI procedure, the random selection of the individual or individuals to be interviewed can be programmed and if it is a PAPI it is usually resolved by the use of random tables (Kish Table, etc.).
If only one person is selected, the probability of selection of this person within the household is generally the same for all the people in that household.
The final probability of selection of each person is the product of the selection probabilities of each of the stages until they are reached.
SOCIO-DEMOGRAPHIC SAMPLES
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Economic samples
In the Eustat economic surveys the frame is the Directory of Economic Activities (DIRAE) that includes all the establishments of the A.C. of the Basque Country.
The global size of the sample is usually determined by the level of accuracy required for the estimations and by the budget available.
In general the design is stratified, employment strata and economic activity being the strata considered.
The employment strata are groupings of the employment variable, a variable available in the Directory, which classifies the units according to their size.
The activity strata are groupings of five-digit activities corresponding to the National Classification of Economic Activities (CNAE).
The stratification considered in each case will depend on the concrete survey.
The area of application of the survey will also determine the frame to apply, normally specific economic activities.
The largest employment strata are usually census ones, which is to say that all establishments whose employment is in one of these strata enter in the survey. This is due to the fact that a great part of the economic variables that are wished to be estimated come from a small part of the population and this corresponds to the strata with most employment.
The small employment strata, to which the majority of the establishments in the Directory belong, will have to be sampled.
The allocation used in the stratified design, or the distribution of the sample units in the strata, follow a series of general criteria.
Normally, the distribution is initially by province proportional to the square root of the number of establishments or of the employment in each province. This is due to wishing to obtain the same degree of accuracy in all the provinces and the assignment according to the square root favours the smallest ones.
Within each province, the distribution by employment stratum and by activity sector depends on each concrete survey.
In some cases the distribution is proportional to the number of establishments or the employment in each stratum.
In other cases allocation of minimum variance is also employed, using the square root of the average employment of the stratum as indicator of its variability.
ECONOMIC SAMPLES
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In general, the type of sampling in these sample strata is usually simple random sampling, with all the establishments having the same probability of being selected.
Although in practice, in the majority of surveys, the units in the sample are set beforehand and questioned in the previous period (in many cases in the previous year), they are assigned to the corresponding strata and the sample is completed according to the design. This is due to the need to maintain a panel of establishments and thus increase the stability of the estimations.
ECONOMIC SAMPLES
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Software for sample extraction 
The software used by Eustat for the sample extraction is the statistics programme SAS1.
Previously, the sample design has been determined, the size and, as relevant, the distribution of strata has been set, The study of the information available for the design (frame available, auxiliary information, etc.) and the determination of the size and its distribution are usually done in Excel or in another statistical suite (such as SAS itself, the programme R2,…).
Version 8 of SAS incorporates various procedures to extract and analyse sample data. These procedures are included in the SAS/STAT module owned by Eustat the specific sample extraction procedure is SURVEYSELECT.
This procedure covers all the types of sampling mentioned in this document, as can be checked in the documentation.
The parameters necessary to begin the procedure will depend on the type of sample it is.
If it is a stratified sample, a STRATA statement will have to be included with the variables that determine the strata.
If the sampling is proportional to the size of the units to be extracted, the statement SIZE will have to be included.
It is advisable in any case to include the statement ID that identifies the units, in the input and output files.
The statement PROC SURVEYSELECT contains the essential parameters in the form of options:
· the option DATA= with the name of the input data-set which is the frame from which the sample is selected (it should therefore contain all the variables that we refer to in the other statements);
· the option OUT= contains the name of the output data-set where the sample is written;

· the option METHOD=, by default SRS (simple random sampling), SYS(systematic), PPS (probability proportional to size) (in the case of census sections);

1 Statistical Analysis Software
2 Free Statistical software
SOFTWARE FOR SAMPLE EXTRACTION 
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and the option SAMPSIZE= or N= to indicate the size or sizes (in the case of strata) of the sample, either directly or in a previously created data-set.
5.1 Application of SAS procedure to the obtaining of Eustat samples 
Applying the above to the case of samples of economic establishments that are extracted from a directory in accordance with a prior stratification, the resulting syntax of the procedure would be:
PROC SURVEYSELECT data=direc sampsize=size out=sample;
STRATA var1;
ID ident;
run;
with:
'direc' a list from the directory that only has to contain one or various variables of identification or variables that will be included in the sample file and the stratification variables;
'size' a list of the sample sizes of each stratum;
'sample' the name of the file of the sample obtained;
'var1' the stratification variables (province, employment stratum, etc.);
'ident' indicates the variable or variables that are written in the output file of the sample.
Obtaining a sample of households in two-stage designs would mean two extractions, first one of census sections and another of households.
The extraction of census sections would carry the following syntax:
PROC SURVEYSELECT data=direc method=PPS sampsize=size out=sample;
STRATA var1;
SIZE var2;
ID ident;
SOFTWARE FOR SAMPLE EXTRACTION 
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run;
with:
'direc' a list of all the census sections containing
an 'ident' identifier of them,
the variables 'var1' of stratification (normally province and type) and
the variable 'var2' of size of the section or population.
The extraction of households could be from a list of the households of the census sections obtained in a sample of sections and considering each section as a stratum and the syntax of stratified sampling would be valid.
PROC SURVEYSELECT data=direc sampsize=size out=sample;
STRATA var1;
ID ident;
run;
The selection of households in a stratified design would be similar to that of the establishments in the economic samples that use a prior stratification.
SOFTWARE FOR SAMPLE EXTRACTION 
14
Eustat
MANUAL OF GOOD PRACTICES IN SAMPLE DESIGN AND EXTRACTION
Chapter
6
Examples of sample designs from operations carried out by Eustat
Below, by way of example, we describe the sample designs of two operations by the Office, one socio-demographic and the other economic.
6.1 Sample design of the Survey on the Population in Relation to Activity (PRA)
The main objective of the survey is to produce continuous statistical information on the participation of the population in different activities, work-related or otherwise, with special emphasis on those of an economic nature, satisfying the needs of socio-economic agents.
In 2005 a change of design and sample size took place and went from a sample of 3,750 to 5,088 households and from being a two-stage sample (first selecting census sections and then households) to a single-stage sample (households are selected directly).
Defined as a rotating panel of households, it went from a 1/6 renewal rate in the previous sample to 1/8 in the present sample.
Henceforth we describe the current design.
The sample of family dwellings is stratified by province. Independently, a systematic sample is obtained within each province.
Via a suitable informant the information on all the individuals in the household is collected. For this reason it is a single-stage sample.
It is also a sample of clusters, since the units selected are households and the results refer to individuals.
It has been determined, as a result of previous experiences and international recommendations, as well as the budget available, that the size of the sample should be approximately 5,000 households per quarter, distributed proportionally to the square root of the number of households in each province.
EXAMPLES OF SAMPLE DESIGNS FROM OPERATIONS CARRIED OUT BY EUSTAT
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Initially, the distribution of 5,000 households was: 1,114 for Álava, 2,196 for Bizkaia and 1,690 for Gipuzkoa. These quantities had to be adjusted in order to fulfil the requirements of the rotation turns and the distribution in the 12 weeks of the quarter, meaning that the final sample consists of 5,088 households, distributed as follows: 1,152 for Álava, 2,208 for Bizkaia and 1,728 for Gipuzkoa. In each rotation there are 636 households. Below we can see how the sample is adjusted by province, week and rotation.
Options of sample distribution of the PRA
Total sample
Sample 1/8
	
	Alava
	Bizkaia
	Gipuzkoa
	A.C.B.C
	Alava
	Bizkaia
	Gipuzkoa
	A.C.B.C.

	Total
	1.114
	2.196
	1.690
	5.000
	139,25 12
	274,5 23
	211,25 18
	625

	1
	96
	184
	144
	424
	
	
	
	53

	2
	96
	184
	144
	424
	12
	23
	18
	53

	3
	96
	184
	144
	424
	12
	23
	18
	53

	4
	96
	184
	144
	424
	12
	23
	18
	53

	5
	96
	184
	144
	424
	12
	23
	18
	53

	6
	96
	184
	144
	424
	12
	23
	18
	53

	7
	96
	184
	144
	424
	12
	23
	18
	53

	8
	96
	184
	144
	424
	12
	23
	18
	53

	9
	96
	184
	144
	424
	12
	23
	18
	53

	10
	96
	184
	144
	424
	12
	23
	18
	53

	11
	96
	184
	144
	424
	12
	23
	18
	53

	12
	96
	184
	144
	424
	12 144
	23 276
	18 216
	53

	Adjusted
	1.152
	2.208
	1.728
	5.088
	
	
	
	636

	Difference
	38
	12
	38
	88
	4,75
	1,5
	4,75
	11


The sample is distributed continuously in a quarter, so that each week of the quarter constitutes an independent and systematic sample in each province with the size 1/12 of the total.
The sample is a panel composed of 8 turns in rotation. There is a random assignment of the rotation turn at each 1/8 of the sample. In each quarter, 1/8 of the complete sample is renewed.
Each new rotation turn is a new systematic sample of households in each province and each week.
The extraction of the systematic sample within each stratum will treat the list as circular and with a random start, ordered by the whole postal address, so that within each stratum the sample is also in some way geographically stratified.
The sample is composed of information on the dwelling and the people who live there, according to the Statistical Population Register (eliminating the deletions). The personal data is: date of birth, name, surnames and ID nº, along with the necessary code (UPB).
A household therefore remains in the sample for two whole years.
The effective sample of the PRA is also used to collect, in the second and fourth quarter of the year, the Survey on the Information Society for Families –ESIF- The survey is conducted a week after the collection of the PRA.
EXAMPLES OF SAMPLE DESIGNS FROM OPERATIONS CARRIED OUT BY EUSTAT
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The renewal households and the substitutes
On the same sample basis (eliminating the “regular members”), another 636 households have to be drawn at random for the renewal.
The procedure is the same, except that 1/8 is extracted in each province for each week.
All the households from turn 8 leave the panel and those that enter for renewal will have turn 1. This is in each sample of each week.
Eliminating the two previous ones (“regular members” the first time it is taken out and those of renewal) 5,088 substitutes are chosen randomly, in a stratified way (province).
As with the previous ones, the rotation turn and the week that these households are taken will be those of the one that they are going to substitute.
Common part of the quarterly sample
Now the common part from quarter to quarter is 7/8 (in theory), which is to say, 4,452 households.
Previously, with the pre-2005 design we had 3,125 of 3,750.
In the new sample, between the first quarter of 2005 and that of 2006, for example, half of the quarterly sample is common (4/8), which is to say, 2,544 households.
In the 4 quarters, therefore, the common part of the quarterly sample would be 10,176 households.
For the study of the relation to activity, for example, the number of households would be over 10,000, without discounting incidences, although it has to be remembered that of these, 4,452 are different.
In the old system, we had 5,000 common households in two years, of which 3,125 were different.
6.2 Sample design of the Industrial Statistics
The Eustat Directory of Economic Activities is the basis for establishing the frame of the survey.
Probabilistic sampling is carried out in two phases:
-a first one where all the units that have more than 19 employees are selected with probability “one”, which is to say that they are self-represented (also included among the self-represented are the new inclusion of year t);
EXAMPLES OF SAMPLE DESIGNS FROM OPERATIONS CARRIED OUT BY EUSTAT
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-a second phase where a stratified random sampling is carried out, also in two sub-phases:
1st sub-phase) The stratification variables used are:
a) Province (3): Álava, Bizkaia and Gipuzkoa.
b) Activity: standardised classification of EUSTAT A-84.
The optimum allocation for each stratum is calculated with the budgetary restriction corresponding to each year.
The optimum allocation is calculated over-representing Álava with an allocation proportional the square root of the number of establishments from each Province.
The sector distribution is carried out with the following formula:
n = n *

T.
Tj^J

being:
N j = Number of establishments
E    = Average employment

Tj = Nj * JWj
n = sample size
2nd sub-phase) The distribution of the optimum allocation in terms of employment in each activity sector is made in proportion to the weight in each sub-class in the sector total, carrying out a random selection.
The Specific Statistics Body of the Department of Agriculture, Fishing and Food in activities 15.1, 15.5, 15.321, 15.333, 15.411, 15.413, 15.7, 15.93, 15.94, 15.95 and 20.201 of the National Classification of Economic Activities (CNAE) over-represents the sample.
With the objective of diminishing the non-response rate, the random selection that was made in 2000 has been substituted by a panel of establishments that answered the survey the previous year, thus facilitating the stability of the estimations, plus a random selection to complete the optimum allocation.
EXAMPLES OF SAMPLE DESIGNS FROM OPERATIONS CARRIED OUT BY EUSTAT
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