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A MODEL FOR EVALUATING THE QUALITY OF BUSINESS SURVEY S

Summary

In this report we will describe a model that is developed to evaluate the quality of structural business
statistics of the EU Member Sates in relation to the survey costs. Sarting point is the survey process
that determines the quality and costs of the statistics produced. By means of an activity-quality matrix
and activity-costs matrices we link quality aspects, production costs and response burden to the
activities in the survey process. In order to assess the quality of the survey results we derive two
guantitative measures, one for the sampling error and one for the non sampling error due to non
response. We also give a number of qualitative measures with respect to the non sampling errors. We
define cost functions for each activity of the survey process taking into account that information on
costs is difficult to obtain. The optimal survey strategy is calculated by minimizing the variance
subject to the budget restriction. In evaluating the trade off between precision and costs, the quality
and cost indicators are defined as a function of a limited set of instruments which can be used to
simulate changes in the process characteristics. The model and the simulations are implemented in a
computer program. A questionnaire was designed to collect the information needed from the Member
Sates.
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I ntroduction

Recently EUROSTAT has initiated the project ‘Data Quality’. The objective of the project is to find
means to evaluate the quality of business statistics in the EU taking into account the costs of the
survey process including response burden. The project must result in a software tool which can be
used to decide what is the best and most cost efficient practice to obtain estimates with a pre-specified
accuracy given the specific properties of the business surveys in the Member States. The main reason
for starting this project is that the new Council Regulations concerning structural business statistics
requires the Member States to inform the Commission about the quality of the statistics compiled. It is
explicitly mentioned that sufficient information has to be provided about the accuracy of the survey
results.

The project has been carried out by Statistics Netherlands in line with the project proposal (Statistics
Netherlands, 1995). In order to compare and improve the quality of structural business statistics in the
EU a model is developed relating quality to the costs of the business survey process. The model is
expected to give us more insight in the differences in process characteristics between the Member
States and how these differences affect the survey results. For the model to be of practical use,
reliable information about the survey process of the Member States is required. When this information
is available the model may serve as a useful starting point for discussion with the Member States on
the quality of business statistics. This discussion has already started in the working group

“Assessment of the quality of business statistics” which took place the same period this project was
carried out. We have made thankful use of the results of the working group.

In Part A of this report the formulation of the problem is worked out by presenting a conceptual
framework for modeling quality and costs of the business survey process in general. Following
closely the EUROSTAT documents for the working group “Assessment of quality of business
statistics” several quality aspects of statistical products are discussed in Section 1. In Section 2 we
present a general framework to evaluate the quality of the survey results. This evaluation is done by
modelling quality and cost indicators. Both types of indicators are based on the data, process, and
costs characteristics that are obtained from the survey process. The statistical survey process is briefly
discussed in Section 3. Based on the “Handbook on the Design and Implementation of Business
Surveys” (EUROSTAT, 1998) we show that the survey process is a sequence of activities which
together determine the quality of the statistical product. In Section 4 the quality aspects are linked to
the activities in the survey process. Following the project proposal (Statistics Netherlands, 1995) we
take accuracy as the quality aspect to be evaluated. In Section 5 we show for this quality aspect what
costs including response burden are involved.

In Part B the model is described in detail. The data and process characteristics of a business survey
form the input of the model, while the quality indicators referring to the accuracy of the survey results
and the cost indicators constitute the output. The quality indicators are derived from the input by
using familiar quantitative measures on the one hand and simple qualitative measures and aggregation
rules on the other hand. Furthermore, the model relates costs to precision by simulating changes in the
sample size using a limited set of instruments. In Section 7 we describe the transformation of the
process characteristics into qualitative quality indicators for the non sampling errors. In Section 8 we
formulate a simple model for response behaviour needed to derive several quantitative quality
indicators with respect to the sampling error. In Section 9 we present a set of cost functions taking



into account the information needed for the simulation. Given total costs as budget restriction the
optimum allocation is calculated in Section 10. In Section 11 we focus on simulating changes in the
gross sample size and the follow up intensity to illustrate the relation between costs and precision. In
Section 12 we discuss the interrelation between sampling error and frame error as a starting point for
a future extension of the model incorporating non sampling errors. In Section 13 attention is given to
response burden as a cost indicator. In section 14 utility functions are introduced to interrelate the
quality and cost indicators.

The model is implemented in a software tool. The program is documented in Part C. To illustrate the
program an example / sample case is worked out. The case shows what kind of information is needed
as input, how this information must be entered into the program, and what kind of output is generated.
Besides this hypothetical case, some real cases relating to business surveys of the Member States are
supplied with the software.

The report ends with a brief summary of the project results. Appendix A gives the proof of a certain
aspect of the theoretical model used. The information that is required from the Member States about
their survey processis listed in Appendices B, C and D. In Appendix E criteria are formulated that
can serve as a guideline for the rather subjective translation of the answer categories into qualitative
quality scores with respect to non sampling errors.



Part A. The conceptual framework
1. Quality

The regulation on structural business statistics requires the Member States of the European Union to

produce areport on the quality of the statistics they provide. What do we mean by quality and how do

we measure quality? The working group “Assessment of the quality of business statistics” has worked
out in detail the concept of quality for statistical products. To measure the quality of statistical
products several quality aspects can be distinguished. Following EUROSTAT (1997, 1998) we
distinguish six quality aspects:

Relevance,

e Accuracy,

« Timeliness and punctuality,
» Accessibility and clarity,

e Comparability,

» Coherence.

Relevance is the extent to which survey results correspond to the needs of the users. To be relevant
statistical information must describe matters that are of interest for the user in terms that are
recognizable and interpretable. Relevance depends strongly on a careful transformation of user needs
in product specifications. The larger the discrepancy between realized output and user needs, the less
relevant a statistical product will be.

Accuracy is a measure of the total error associated with a statistical outcome. The total error can be
subdivided in the sampling error and non sampling error. We prefer to consider these two types of
error as different quality aspects. Errors in the estimates only due to the fact that the estimates are
obtained from a sample rather than a complete enumeration are referred to as sampling error. Because
estimates are obtained from the net sample, i.e. observed sample, rather than the gross sample, i.e.
designed sample, the reduction of the sample size due to non response is included in the sampling
error. All other errors in the estimates arising at any stage in the survey process are referred to
collectively as non sampling error. Important sources of non sampling errors are selective non
response, improper coverage and measurement errors (Lessler and Kalsbeek, 1992).

Timeliness refers to the period between the reference period the statistical outcomes refer to and the

moment the survey results come available to the users. To be of interest for users results must be

available as soon as possible. Users want up-to-date outcomes which are disseminated on time at pre-
established dates (punctuality). In practice there is a clear trade off between timeliness and accuracy,

especially when provisional estimates are provided.

Accessibility and clarity of the information is a quality aspect dealing with the dissemination of
statistical data. Users must have easy access to the data and know what kind of statistics are available.
Moreover, an adequate documentation can help users to use and interpret the data in a correct way.
This quality aspect will not be discussed further in this report.



Comparability is a quality aspect of interest when statistics are compiled for EUROSTAT. To get
comparable results at the Community level the business surveys of the Member States should be
coordinated with respect to the definition of the population, the type of statistical unit, the definitions
of the variables, the level of accuracy, and so on. In our opinion comparability at Community level is
determined strongly by the quality of the survey results at National level. In this context it would be
misleading to consider comparability as an additional quality aspect of the statistical product. Note
that this view is fully in line with the intention of the project that means have to be found for
controlling the quality of the statistics produced by the Member States in order to get comparable and
reliable outcomes at the Community level.

As last quality aspect we distinguish coherence. Coherence refers to both the consistency at the
conceptual level and the consistency of the statistical outcomes themselves. To avoid too much
discrepancies in concepts the definitions and classifications used in different surveys have to be
highly coordinated. Furthermore, inconsistencies in the outcomes from different surveys describing
the same phenomena should be minimized.

Cost is a measure of performance reflecting the efficiency of the process. Following EUROSTAT
(1997) we see cost not as a quality aspect, but as an additional factor to be associated with quality.
Besides costs made by the statistical agency there are also costs involved for the enterprises by filling
in questionnaires, the so-called response burden. Quality and cost together determine the total
performance of the product. From this point of view it is the trade off between cost and quality that is
of special interest for a statistical agency.

To evaluate the statistical product with respect to these quality aspects appropriate quality measures
have to be defined. In practice the tranglation of quality aspects into concrete quality measures is
rather problematic. In fact, quantitative measures of quality are relatively scarce and limited in use.
Quality measures like satisfaction scores, variance estimates, non response rates, delivery time, and
number of detected inconsistencies do only partly cover the quality aspects in question. The problems
with quality measures are most severe for the quality aspect accuracy, especially when dealing with
non sampling errors.

Normally the size of (sampling) errors cannot be quantified because the true value to be estimated is
unknown. However if an unbiased or an approximately unbiased estimator is used, which is often the
case, a convenient measure of the sampling error is the variance (or standard error) of the estimator.
This measure of precision of an estimator can be estimated from the sample. Unfortunately, variance
due to non sampling errors, like measurement errors, is also included in the estimate of the sampling
variance. So, in practice it is difficult to distinguish sampling errors from non sampling errors. The
diversity and complexity of non sampling error sources makes it even more difficult to evaluate total
error as a measure for accuracy. Sources of non sampling error are often evaluated separately.
Typically these evaluations provide no more than an indication of the potential for bias and variance
resulting from an error source.

In practice we often see that quality assessment is done by measuring the quality of the statistical
product and process in more qualitative terms. This is also suggested by the working group
“Assessment of the quality of business statistics” in their proposal for a standard quality report (see
EUROSTAT, 1996a). A careful inspection of the survey process, i.e. the methodology applied and the
data sources used, often gives useful information about the quality of the survey results. Giving every



activity a quality score one gets a clear picture of the strong and weak parts of the total process. Of
course, assessment in qualitative terms is less objective and always open to question. But if
quantification of quality gives too many problems, the use of qualitative measures is the only
alternative.

2. General framework for quality evaluation

In order to get comparable and reliable outcomes for business surveys from different statistical
agencies, means have to be found for assessing the quality of the survey results in relation to the
survey costs. As we have seen in Section 1, quality assessment is hot easy to perform in practice. The
quality of statistical data can not be determined from the data itself. Indicators for the quality of
survey results, including well known measures as variance and response rates, can only be obtained
by monitoring the underlying survey process and data sources in detail. For evaluating the costs it is
a so needed to go back to the process. The main abject to be studied is therefore the statistical survey
process. Having information on the process and the data sources used is vital for any form of quality
evaluation.

Figure 1 gives the general framework we use to assess quality. The survey process results in statistical
data, which are often presented in tables. The quality of the survey results strongly depends on the
performance of the process, i.e. the effectiveness of the methodology applied, as can be determined
from the data and process characteristics. The impact of the survey process on the quality of its results
and on the total costs are described by means of a model. The input of this model with respect to the
survey process consists of a number of data and process characteristics, including costs. The output of
the model are quality and cost indicators. In the model all quality indicators will refer to accuracy as
the quality aspect to be evaluated. Note that we see statistical integration, i.e. the process where the
survey results are aligned with other survey results, as an additional mean for quality control.

Survey process | Survey results Statistical

/ \ integration

Process

characteristics characteristics

incl. costs

Quiality and cost

indicators

Fig. 1. Scheme of the general framework



Data characteristics are needed to calculate the standard error, which is modeled as a quantitative
indicator for the sampling error. We distinguish the following data characteristics (see also Appendix
O):

e Stratum net sample size,

» Stratum sample totals/sample means

e Stratum sample variances,

» Stratum sample multiple correlation coefficients.

For reasons of simplicity we assume that all business samples will be drawn according to a stratified
design. Furthermore, we assume that each stratum total is estimated by a generalized regression
estimator based on multiple regression models (see Sarndal et al., 1992). The way the data
characteristics are used in the model will be discussed further in Section 8.

In Section 3 we will see that the statistical survey process is a sequence of activities. In principle each
of these activities can serve as instruments to alter the quality or total costs of the statistical results.
For example, there are four possibilities to realize data collection, namely by mail, telephone,
interviewer or electronic. Those four options formulate the instrument "data collection method" and a
specific choice "mail" characterizes this activity of the process. Every activity/instrument is
associated directly with one or more process characteristics influencing quality and/or costs. An
inexhaustive list of process characteristics linked to the various survey activities is given in Table 1.
In Section 7 a more complete list of process characteristics is given.

Table 1. Process characteristics grouped by activity/instrument (example)

Activity/Instrument Process characteristics

Use and maintenance of frame » Sizeand frequency of quality survey

¢ Number of dead or misclassified units

Sampling design * Grosssamplesize
*  Number of strata
» Neyman/proportional/other allocation

Questionnaire design » Efforts made for quality testing

*  Meantimeto fill in questionnaire

Data collection » Mail/telephone/interviewer/electronic
Follow up procedures e Number of recalls per stratum
Dataentry * Input by hand/automatically

Editing method * By hand/automatically/both

* Micro/macro/sel ective editing

Estimation procedure e Useof auxiliary variables

We distinguish between two types of quality indicators, namely quantitative and qualitative
indicators. The quantitative indicators, like variance and response fractions, relate particularly to the



sampling error. The qualitative indicators refer to the non sampling errors and will be presented as
rough scores on the process instruments.

As stated in the project proposal (Statistics Netherlands, 1995) the intention is to build a model by
which quality effects of alternative survey practices, i.e. aternative process characteristics, can be
simulated. A first form of quality evaluation is to compare quality indicators of similar surveys with
each other. As every Member State will use its own methodology and data sources, one might expect
differences in quality due to differences in the data and process characteristics. A careful analysis of
these differences can give insight in the possibilities for the Member States to adjust their survey
process to improve quality. The qualitative quality indicators we will present in section 7 are
especially useful for thisform of comparative analysis.

A second form of quality evaluation is to quantify the effects on quality and costs of alternative
survey practices for one specific survey process. By choosing only one activity as an instrument and
keeping al other activities unchanged, the impact on accuracy and costs of the instrument under
consideration can be examined taking into account the specific properties of the survey in question. In
this way the trade off between accuracy (precision) and costs can be quantified giving the Member
States a clear picture on the possibilities and costs of quality improvement. In Sections 10 and 11 we
simulate the effects of several aternative survey practices. The following process characteristics will
serve as an instrument: gross sample size, number of recalls, alocation scheme, and the use of
auxiliary information respectively.

Before we specify the model further, we will first discuss the relation between survey activities,
quality aspects and costs. An accurate description of the impact the survey process has on quality and
costs is fundamental for our approach of quality evaluation.



3. The statistical survey process

Generaly speaking, the abjective of statistical surveys is to collect information about a finite
population. The set of activities needed to design and implement a statistical survey is called the
statistical survey process. Following EUROSTAT (1998) we distinguish five phases:

e Setting the survey objectives,

e Preparing the survey operations,
e Sampling and data collection,

« Dataprocessing and analysis,

* Publication.

The very first activity when considering a survey is the formulation of the need for statistical
information. The needs have to be trandated into a detailed specification of the intended statistical
output. Thisimplies a careful description of the variables of interest and the corresponding popul ation
parameters, including the choice of statistical units and classifications. After formulating the
statistical needs one should explore secondary sources by which these needs (partialy) may be
fulfilled. In this context, we note that there have been new developments with respect to electronic
information technology, one of the most promising of them being Electronic Data Interchange. The
use of EDI will increase the amount of secondary sources considerably. If the statistical needs are
covered insufficiently by these sources one may consider to perform a sample survey.

Generally speaking, the objective of a sample survey is to collect information by means of a sample.
There are two lines of preparatory operations, namely the design of the sample (including the choice
of the sampling frame) and the design of the questionnaire. The population to be sampled should
coincide with the population about which information is wanted. Sampling theory provides a wide
variety of methods according to which samples can be drawn. The choice of a specific design depends
on the registered units and auxiliary information in the sampling frame. No rules of questionnaire
design are generally valid. However, in EUROSTAT (1998) some guidelines are mentioned.

In the third phase the sample is drawn from the sampling frame according to the sampling design. The
sampled units are informed by sending an advance letter. Next, they are approached either by mail,
telephone (including CATI), interviewer (including CAPI), electronic way (tape, diskette, EDI), or
some mix between them. Follow up procedures are performed in order to enhance response and data
quality. The collection process ends with entering the data reported in a data file, comprising the
records of al (responding) sampled units.

The activities which can be distinguished in data processing are editing, imputation, estimation
(raising, re-weighting), and statistical integration. Shortly, editing and imputation are activities to
clean up raw data and weighting is an activity to obtain certain estimates from the cleaned data. Often,
external sources are utilized to perform these activities. Statistical integration is an activity to confront
the obtained estimates with corresponding estimates from different surveys, and if necessary to adjust
them. Besides weighting procedures, the (cleaned) data can also be analyzed by applying statistical
techniques, such as correspondence analysis, regression analysis, index numbers, time series, and so
on.
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The final phase comprises the making of publications, of which the tabulations and analysis results
are the main features, and disclosure control techniques play an important role. The aim of statistical
disclosure is to limit the risk that sensitive information of individual respondents can be disclosed
from a data set. The activities which can be distinguished in a statistical survey process are
summarized below.

Setting the survey objectives
» Formulating user needs
» Trandation output specification
» Use of secondary sources
Preparing the survey operations
» Sampling design, including choice of sampling frame
* Questionnaire design
Sampling and data collection
» Drawing the sample
» Datacollection
» Follow up procedures
» Dataentry
Data processing and analysis
» Editing and imputation
» Estimation procedures, use of external sources
e Statistical integration
e Anaysis
Publication
e Tabulation and analysis results

e Disclosure control

11



4. Theactivity-quality matrix

In Section 3 anumber of activities to make a statistical product are given. Each activity will affect one
or more of the quality aspects discussed in Section 1. In Table 2 these quality aspects are related to
the activities of the statistical production process. A specific activity only influences the quality
aspects which are marked by means of a cross. For example, the choice of the data collection method
will influence the sampling error, the non sampling error, the timeliness and the coherence.

Table 2. Quality aspectsfor stages of the statistical process

Rele- Sam- Non sampling error Time- Coher-
vance pling liness ence
error

Frame Non M easure-
response | ment

Formulation user + +
needs

Trangdation
output
specification + +

Using secondary + + + +
sources

Sampling design
/ choice of
sampling frame + +

Questionnaire + +
design

Drawing the
sample

Data collection + + + + +

Follow up + + + +
procedures

Dataentry + + +

Editing & + + +
imputation

Estimation + + + + +
procedure

Statistical + + + + + + +
integration

Analysis

Tabulation & +
analysisresults

Disclosure +
control

+ = activity influencing quality

Note that the use of external sources can be threefold. In the first phase secondary sources are used to
complete a sample survey for its cut off or to shorten the questionnaire, in the second phase the
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sampling frame is used to develop an efficient sampling design, and in the third phase secondary
sources are used to provide auxiliary information in the estimation procedure.

The relevance of a statistical product will depend on the discrepancy between the realized statistical
output (tabulation and analysis results) and the intended statistical output. The intended statistical
output is the result of a description of the users need. The discrepancy may be caused by 1)
misinterpretation of the user needs, 2) shortcomings in the translation of the intended output into a
formulation of the survey objectives, including the formulation of the output specifications, 3)
discrepancy between the target population and the sampled population due to cut off, 4) bad choice of
tabulation, and 5) disclosure control through which the tabulation and analysis results are less detailed
than intended. By the use of secondary sources and statistical integration the gap between the realized
and intended statistical output can be reduced.

The sampling error related to the gross sample depends on the sampling strategy, i.e. sampling design,
gross sampl e size and estimation technique. The choice of the sampling design is based on the level of
registered units in the sampling frame and on possibly additional information in the sampling frame.
The choice of the estimation procedure depends on the sampling design and the availability of
auxiliary information in external sources. Given a sampling strategy the sampling error related to the
net sample is a function of the net sample size, design effect, and explanatory power of the auxiliary
information in the estimation procedure. The difference between gross sample size and net sample
size is caused by non response. The size of non response strongly depends on follow up procedures
(or more generally field work organization) and data collection methods. If the statistical product is
the outcome of statistically integrated (independent) surveys, then the sampling error of the (pooled)
estimate depends on the separate sampling errors of the original estimates obtained by the surveys
involved.

Given the formulation of the user needs and the output specification, non sampling errors may occur
in almost every following activity of the statistical production process. Following Lessler and
Kalsheek (1992) we divide non sampling errorsin frame errors, non response errors and measurement
errors. Frame errors are caused by imperfections in the sampling frame, such as overcoverage,
undercoverage and misclassification. Note that frame imperfections affecting cut-off and
misclassification of statistical units are included in this type of error. Non response errors may arise
from the failure to obtain response from all sample units. In general the response rate will depend on
the data collection method. Response rates can be increased by means of follow up procedures. A
measurement error occurs when an improper value is associated with the sampled unit. Measurement
errors are caused by using secondary sources with dightly different definitions, item non response,
proxy interviews, misinterpretations of questions, interviewer effects and errorsin coding and typing.
Note that item non response is considered as a measurement error rather than a non response error.
Editing and imputation are often used techniques to handle measurement errors. All types of non
sampling error may cause biased estimates. Methods to correct for bias are the use of external sources
in the estimation procedure (re-weighting) and statistical integration.

All activities contribute to the lack of timeliness to a greater or lesser extent. However, the
contribution to the timeliness of a number of activities can be considered fixed or negligible. These
activities are: formulation of user needs, trandation of output specification, defining the sampling
frame, design of the sample and questionnaire, drawing the sample, estimation procedures, tabulation
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and analysis of results, and disclosure control. The remaining activities may influence the timeliness
considerably. The use of secondary sources may have an impact on the timeliness, on the one hand
due to the dependence on the register accountant, and on the other hand due to a reduction of the field
work. The choice of the data collection method affects the timeliness greatly. For example, electronic
retrieving data directly from respondents book keeping records (EDI) is much faster than data
collection by mail. Follow up procedures will influence the timeliness in a straightforward way: more
follow up procedures imply an increase in production time. Data entry, imputation or editing can be
carried out by hand or automatically. If they are carried out by hand then the contribution to the
timeliness is determined by the net sample size and if they are carried out automatically the
contribution is negligible. Finally, statistical integration may lengthen the production time, due to the
dependencies of the delivery of the results of other surveys/sources by means of which the
comparisons are made.

Coherence with respect to definitions and classifications is mainly a result of a careful definition of
the user needs and the corresponding translation into the intended output specifications. Despite the
coherence with respect to definitions and classifications, different surveys may still produce mutually
inconsistent outcomes, mainly due to non sampling errors. Use of registers (external sources) may
disturb the coherence, because of discrepancies between target variables and registered variables or
coordinated classifications and registered classifications. Different questions or routing in
guestionnaires concerning the same (target) variables may cause inconsistent outcomes, and so on. In
the data processing phase inconsistencies can be removed or prevented. Imputation and editing may
prevent inconsistent scores within records, predetermined consistency requirements in outcomes can
be realized by specific weighting techniques, and remaining inconsistencies in outcomes can be
removed subsequently by statistical integration.

5. The activity-costs matrix

When making a statistical product there are costs involved. For statistical agencies these costs concern
personal and material costs. However, by filling in questionnaires, businesses take a substantial share
in the production process of statistics (Willeboordse, 1995). Response burden can be defined as the
total costs made by businesses to fill in questionnaires. As a consequence of non response,
Willeboordse (1995) distinguishes between gross and net response burden. Gross response burden is
defined as the total costs, which would have been made by businessesin filling in questionnaires if all
sampled business respond. The total costs actually made by the responding businesses is called net
response burden. So, besides the costs related to statistical agencies one should also incorporate costs
(response burden), which are made by the businesses in order to obtain the total costs of a statistical
product.

In order to improve a specific quality aspect, some activities have to be adjusted. In Table 2 these
activities are marked for the quality aspect relevance, sampling error, non sampling error, timeliness
and coherence. Often, an adjustment of a specific activity implies a change of the total costs. In
Sections 5.1 and 5.2 it is discussed which activities cause a change of the total costs in order to
achieve specific quality requirements with respect to the sampling error and the non sampling error
respectively.

14



5.1. Costswith respect to the sampling error

Suppose that given a specific statistical production process the sampling error of most estimates is too
high. According to Table 2, the sampling error is affected by the following activities: development of
sampling design (including choice of sampling frame and choice of gross sample size), data
collection, follow up procedures, estimation procedure (including the use of external sources), and
statistical integration. The sampling error can be decreased by an increase of net sample size, by using
a more efficient sampling design or by using more auxiliary information in the weighting procedure.
For simplicity, it is assumed that only an increase of net sample size will change the total costs. Now,
the net sample size can be increased by an increase of gross sample size and/or by carrying out more
intensively follow up procedures. An increase of the gross sample size will increase on the one hand
the costs made by the statistical agency concerning the data collection and on the other hand the gross
response burden. Furthermore, an increase of gross sample size will result in an enlarged net sample
size, which increases the net response burden. Carrying out more intensively follow up procedures
will increase the costs made by the statistical agencies straightforwardly. It results in an increased net
sample size, and therefore also in an increase of net response burden. Finally, an increased net sample
size not only results in an increase of the net response burden, but also in increased costs made by
statistical agencies with respect to the data entry and editing & imputation. In Table 3 it is
schematically shown which activities cause a change of the total costs in order to achieve specific
quality requirements with respect to the sampling error.

5.2. Costswith respect to the non sampling error

Deficiencies in the sample frame can be traced and eliminated by a more intensive quality control.
Besides the usual maintenance, the quality of the frame may be improved by the use of additional
sources such as external registrations, the survey samples drawn form the frame and samples
specifically drawn for quality control. It is needless to say that more quality control is quite expensive
for a statistical agency. Non response can be reduced by using a more suitable data collection method
in combination with follow up procedures. This may affect the costs of the statistical agency and the
net response burden. By applying quality control with respect to the use of secondary sources,
questionnaire design, data collection method and data entry the magnitude of measurement errors can
be minimized. After the data entry the raw data can be checked and if necessary corrected by editing
and imputation methods.

In all these activities costs for the statistical agency are involved. With respect to editing and
imputation the net response burden will be influenced too. Finaly, statistical agencies incur costs to
reduce potential bias caused by all types of non sampling error by using advanced estimation
techniques and statistical integration. Per type of non sampling error it is schematically shown in
Table 4 which activities cause a change of the total costs in order to achieve specific quality
requirements. We will continue the discussion on costsin Section 9.
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Table 3. Costswith respect to the sampling error related to the activities

Costs made by
statistical
agencies

Gross response
burden

Net response
burden

Formulation user needs

Tranglation output specification

Using secondary sources

Sampling design / choice sampling
frame

Questionnaire design

Drawing the sample

Datacollection

Follow up procedures

Data entry

Editing & imputation

+| | +| +

Estimation procedures, using
external sources

Statistical integration

Analysis

Tabulation & analysis results

Disclosure control

+ = non negligible influence on costs
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Table4. Costswith respect to the non sampling error related to the activities

Frame error

Non response error

Measurement error

Costs

Costs

Net
response
burden

Costs Net
response
burden

Formulation user needs

Tranglation output
specification

Using secondary sources

Sampling design / choice
sampling frame

Questionnaire design

Drawing the sample

Data collection

Follow up procedures

Data entry

Editing & imputation

Estimation procedures, using

external sources

Statistical integration

Analysis

Tabulation & analysis results

Disclosure control

+ = non negligible influence on costs
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Part B. The model
6. Overview

In Section 7 we describe an instrument by means of which a survey manager may judge the quality of

the complete statistical production process, that is, from the use and maintenance of the sampling

frame to the development of the estimation procedure. This instrument should give the survey

manager a first impression of the attempts that have been made to prevent, control, and correct for

survey errors that might arise at nearly every stage of the production process (see Part A, Section 1 for

a subdivision of the total error). The idea is to employ various qualitative indicators corresponding to

the efforts made to prevent, control, and correct for a number of error components, and to summarize

the ordinal scores of each quality indicator into a ‘score matrix’ (see Table 5). The higher a specific

score, the more efforts are made (on average) to prevent, control, or correct for a particular error. The
rationale behind this score matrix is that the probability of large errors are probably less in case of
high scores. It should be considered as a means to judge the quality of the statistical production
process, although there is no fixed (measurable) relation to the quality of the statistical product, i.e.
the total survey error.

In Section 8 we elaborate on the activities which are related to the sampling error. We discuss two
quantitative quality indicators; one corresponding to data collection and follow up procedure, and the
other to sampling design and estimation procedure. As can be seen from Table 2, these activities not
only influence the sampling error, but they also affect the non sampling error, in particular the non
sampling error due to non response. This implies that both quality indicators provide (quantitative)
information about the sampling error as well as (a part of) the bias, namely the bias due to non
response. Given the total survey costs, it holds for most statistical production processes that there is a
trade off between reducing sampling error and reducing bias due to non response. This also follows
from the cost function, which will be discussed in Section 9. In the ideal situation one should strive
for an optimal survey strategy minimizing the mean squared error, subject to the cost restrictions.
However, because it is very difficult to measure the bias (contrary to measuring the sampling error)
and hence the mean squared error, such a strategy is often not feasible in practice. We therefore
suggest a less ambitious strategy which relates sampling error to non response instead of bias. This
strategy is discussed in Sections 10 and 11 and is implemented in a software package (see Part C). It
constitutes the basis of our model. Now, this model can be extended in several ways. In the remaining
sections of this part it is shown how e.g. the net response burden and the frame errors can be
incorporated. However, these ideas are not fully elaborated.

In the literature, sophisticated survey error models, such as variance decomposition models, have been
developed in an attempt to quantify the seriousness of the error components (e.g. Lessler and
Kalsbeek, 1992). We recognize the importance of such models, because they provide an (objective)
measure of the relative contribution of each error to the total survey error taking into account the
interrelationships among the sources of errors. However, these models require experimental methods,
such as repeated measurements or interpenetrating samples, for quantifying the components. In the
absence of such experiments, one should settle for a less ambitious goal.

18



7. Quality indicatorswith respect to the non sampling errors

In this section we concentrate on the non sampling error. We distinguish between frame errors,
measurement errors and non response errors (see Part A, Section 4). Non sampling errors may occur
in amost every activity of the survey process. Each activity can therefore be considered as a potential
instrument for quality control. The process characteristics, the actual realization of the survey
activities, give an indication of what has been done to minimize each error. A well known measure for
non sampling errorsis the bias. However, components of the bias are hard to quantify in practice. For
this reason the non sampling errors will be evaluated on the basis of the efforts made to reduce these
errors. That is, anumber of relatively simple quality indicators will be constructed by assigning scores
to the process characteristics influencing the non sampling errors. A questionnaire was designed to
collect the process information needed from the Member States (Appendix D).

The magnitude of the non sampling errors is assumed to depend on the efforts made to prevent,

control and correct for these errors. Given these three elements of quality control, Table 5 shows

eleven quality indicators corresponding to the activities distinguished in the survey process. Five
indicators relate to frame errors, four indicators relate to measurement errors, and two indicators are
concerned with non response. Note that we see item non response as a measurement error and not as a

non response error (see Section 4). The quality indicators cover the information that EUROSTAT

expects the Member States to provide about non sampling errors as proposed by the working group
“Assessment of the quality of business statistics” (see EUROSTAT, 1996a). In fact, most of the
process characteristics underlying the quality indicators will be asked by EUROSTAT too. Our
questionnaire therefore serves as a kind of test case for the Member States.

The question is how to translate the process information obtained from the questionnaire into scores
on the quality indicators. A computer program was developed to enter the data and to aid the
translation process (see Part C). First, the answers of the relevant questions are coded into a limited
number of pre-defined answer categories (see appendix D). As the answers are often descriptive in
nature, the coding may not always be straightforward and could be subject to interpretative
differences. In appendix E we give some guidelines that can be helpful when dealing with this
problem. We like to point out that it is not our objective to specify a normative framework for the
coding procedure. The pre-defined answer categories form the input of the program. Next, a
numerical score is assigned to each answer category (see fifth column ‘Range of scores’, Table 5). In
case a question is left open or is answered as ‘not known’ a nil score is given.
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Table 5. Quality indicator s grouped by activity and process characteristics

Activity Process characteristics Question | Rangeof |Quality indicator | Range of
scores a)
scores b)
Maintenance of + inspection of births + Q6 » [0,2] |checking units 0 - 1w,
register
eg e sizeof quality survey e Qlia |« [0,2] 1 - 2w,
2 - 3w
34 - 4w,
Maintenance of « correction for misclassifications « Q8 « [0,2] correcting units 01 - 1w,
register
eg e correction for deaths ¢ Q9 « [0,2] 23 - 2w,
e correction for duplicates e Q10 « [0,2] 45 - 3w,
e sizeof quality surv . 11la |+ [0,2
quality survey Q [0.2] 6.7.8 - 4w,
Maintenance of e timelinessregistration of births « Q7 « [0,2] updating units 0 - 1w,
register
eg e freguency of quality survey e Qllb |« [0,2] 12 - 2w,
3 - 3w,
A
Useof sampling |+ missing categories « Ql2a |+ [0,2] |undercoverage 01 - 1w,
frame
e other types of undercoverage e Q12b |« [0,2] 2 2w,
3 - 3w,
4 - 4w,
Use of sampling e dead or misclassified units « Ql2c |- [0,1] overcoverage 0 - 1w
frame
» detection of overcoverage « Q13 « [0,2 1 - 2w,
2 - 3w,
3 - 4w
Questionnaire + participation of respondents « Q19 |+ [0,2] |preventing 0 - 1w
design ) ] ] ) measurement errors
e support in completing questionnaire |+ Q20 « [0,2] (incl. item non 1 - 2w,
response
esponse) s o
34 - 4w
Data collection e non response sensitivity of data ¢ Q23 « [0,2] preventingunitnon [0 - 1w,
and follow up collection method response
procedures tensity foll od 1 - 2w
e intensity follow up procedure
y pp . Q24 *« [0,2] 2 3w
34 - Aw,
Editing & + intensity of checks on records * Q36 |+ [0,2] |[checking 0 - 1w
imputation . . measurement errors
e detection of records requiring e Q37 « [0,2] 12 - 2w,
manual review
3 - 3w,
A
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Table 5. Quality indicator s grouped by activity and process char acteristics (continued)

Activity Process characteristics Question | Rangeof |Quality indicator | Range of
scores a)
scores b)
Imputation e qualification of imputation method |« Q31 * [0,2] |correcting 01 - 1w,
_ ) measurement errors
* extent of imputations « Q33 « [0,1] | (incl. item non 2 2w,
*  recognizing imputed items . Q32 |+ [0,1 |response) Y
9
e evaluation impact of imputationson |+ Q34 e [0,1] 45 4
estimates o AW,
Editing » qualification of edit system e Q35 |+ [0,2] |correcting 01 - 1w,
Q38 measurement errors
[l 2 - 2w,
- . « Q39
e recognizing edits « [0,1] 3 . 3w
. - + Q40 10
e evaluation impact of editing on « [0,1] 4
estimates - 4wy,
Estimation * methodsto correct for nonresponse |« Q28 « [0,2] |correctingunitnon (0 - 1w,
response
« oversampling for non response e Q17 e [0,1] P 1 - 2w,
e recognizing imputed units e Q29 e [0,1] 23 - 3w
? 11
e evaluating impact of weight ¢ Q30 e [0,1] 45 aw
adjustment/imputation on estimates T T

a) ordinal scae running from alow score (0) to a high score ( max. 2)

b) ordina 4-points scale running from poor (1w ) to high quality (4w ) derived by summing the scores on the underlying process
characteristics, where w, denotes the weight assigned to quality indicator i (i=1,2,...,11)

The scores on the quality indicators are subsequently obtained by simply adding up the scores on the
underlying process characteristics. Finaly, these scores are transformed into a 4-points scale, where
‘1w, indicates poor quality and4dw, ’ indicates a high level of quality (see Table 5). By giving each

quality indicator a weightw, the survey manager can set priorities. The weights are calculated as
11
= ri/Z ri , wherer, denotes the ‘level of importance’ that is assigned to quality indicalmw

(r, =1), medium ¢; = 2) or high (r; = 3). For example, if two indicators are labeled ‘high’ and the
remaining indicators are labeled ‘mediun?’, the indicators get the weights 1/8 %3 3/(2x2) and
1/12 = 2/(x3 + 9X2), respectively. Further aggregation is possible by clustering the quality indicators

into groups, for example ‘frame errors’, ‘measurement errors’ and ‘non response’, and taking the
weighted sum of the scores within each cluster as the group score.

The quality indicators can be considered as indirect measures of the potential non sampling errors in
the estimates. The indicators do not measure the bias, but show how adequate the instruments (i.e.,
process activities) are in controlling the quality with respect to the non sampling errors. Essential for
quality control is that one has a clear understanding of the survey process. If all questions about the
process characteristics are answered completely, Member States show that they have full control over
the survey process. Even if some scores on the process characteristics indicate that some instruments
may not be very effective in reducing non sampling errors, the process can still be under control. On
the other hand, if the information on process characteristics is incomplete then this could indicate that
one has insufficient knowledge about some aspects of the process, and hence that the process is not
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fully under control. So, in our opinion it is important to make a distinction between the extent and the
effectiveness of quality control. The total number of questions left open or answered as ‘not known’ is
taken as a measure of process control. The higher the score, the less control one has over the different
stages of the survey process. The scores on the eleven quality indicators in Table 5 provide a measure
of the effectiveness of quality control.

8. Quantitative quality indicatorswith respect to the sampling error

As shown in Part A, Section 4 (Table 2), the sampling error is influenced by several activities and
characteristics of the statistical process. The sampling error depends on the sampling design, the net
sample size, and the estimation technique (including the use of auxiliary information). The net sample
size, i.e., the actual response, is equal to the gross sample size minus the non response (for the
moment we assume that there are no frame errors). The (non) response in turn depends on the follow
up procedure and the data collection method. In order to quantify the sampling error a model has been
developed describing all these relations. The sampling design may be less effective than intended
because of frame errors. The relation between sampling error and frame error will be discussed
separately in Section 12.

In the following we consider stratified simple random sampling. The populatioMN ohits is

stratified intoH strata of sizes\, and inh-th stratum a simple random sample of si¢€ is drawn.

However, due to non response, omiSft units are actually observed. These net sample sizes will be

the key factor of our model. Given the gross sample size, the net samples size can be increased by
carrying out follow up procedures. A follow up procedure may consist of several attempts to increase
the response and the success rate may differ for every attempt. Assuming that all units who did not
respond at the previous attempt(s) are contacted again at the next attempt we get for each stratum the
following response model:

fattempt: AN units responding,

X attempt: Ao (1= A)NI units responding,

Rattempt: A (1= Angeeny)--- (1= AN units responding,

wheredy , i=1,... K, , are the success rates for tHe attempt in straturh to contact the respondents.

Figure 2 further illustrates the response model. Every attempt to contact units will increase the total
response and hence reduce the non response. The succeds; daEsmine to what extent and how
fast the total response will be increased.
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+—————grosssample size

+«—esponse after 1¥ contact —>

<« response after 2™ contact ————»

«_ response after 3" contact

A

on

<«———esponse after last contact = net sample size > >
response

Fig. 2. Subdivision of the samplein response and non response

The net sample size equals the total response obtained at the end of the follow up procedure.
According to our model we get, by summing the response over al attempts, the following net sample
size:

K
n i D r0ss r0ss
nhEt = a_ I_j (A-A) ™ = L,n*=, (1
O = O

where K, isthe total number of attempts to contact units in stratum h. Here,

O X O
L, = g—‘ I—l (1-2n)

O 2
1=1 |:|

is the modeled response fraction in the h-th stratum. Note that after data collection (2) can be
estimated by the realized response fraction in stratum h. The modeled total number of units contacted
(successfully or unsuccessfully) in the h-th stratum is equal to

kn=1 j B
ncontact - |j.+ (1_) i)mgr0$ - M ngr0$’ (3)
h = Jzzll:ll h Dh h''h
where
O et O
M, =0+ (1-Am)O 4
"0 lerll 0
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can be considered as the modeled mean contact rate in stratum h: M, = n™" /n¥°* Again, after
data collection (4) can be estimated by the realized mean contact rate. Note that the gross sample sizes
n** and the number of contact attempts k,, are instruments of the survey process controlled by the
survey manager. The success rates A,; on the other hand are parameters of the model, which need to

be determined from the data. These fractions will to a large extent depend on the method of data
collection and the fieldwork organization. In most practica sSituations we will have
A 2 App 2.2 Ay . However, if A, = A, =...= A, =/, then there is a simple relationship

between M, and L, , namely L, = A, M, .
The distribution of the gross sample size over the strata is determined by the gross allocation scheme.

Let &7 =nd /n9° denote the particular gross allocation employed for stratum h. Two well-
known allocation scheme’s are proportional allocation and the so-called Neyman allocation:

N N, S,
grop =" gng gom™ = — " where
h N h Z NhSyh
1 & >
S,yis the population standard deviation in stratum S = N —1Z(yh‘ -Y,)?. A third
h 1=1

allocation scheme, namely optimum allocation, will be discussed in Section 8. This optimum
allocation scheme not only takes into account a cost function, which will be discussed in the next
section, but also the modeled response fractions given by (2).

On the basis of the gross allocation scheme we define the following (quantitative) quality indicator for
the total response fraction:

H

H
net gross
net Z n, Z n, Lh
n — h=1 — h=1 -

H
— = gross
L-nm BT Zc‘h L. (5)
=1

This response rate can be interpreted as a weighted mean of the stratum response lifagtitns

gross

the gross allocationg,, — as weights. Clearly, the total response fraction as defined by (5) depends

on the gross allocation scheme, which is chosen by the survey designer.

As already said, non response has two main consequences, namely 1) a reduction of the net sample
size, and hence an increase in variance, and 2) an increase in bias. An indicator of the former is given
by an estimate of the variance, see (9), whereas an indicator of the latter is given by (5). In general,
(5) may be a poor measure of bias because the exact relation between the response fraction and the
bias is not known. Instead we have to rely on the following rules of thumb which are generally known
for stratified designs. The bias tends to be smaller when 1) the respondg, ratesigher and 2) the

stratum population varianccﬁfare smaller, see Bethlehem and Kersten (1985, p. 290). These rules

lead us to the following definition:

L(y):élz NhSthhEl/ﬁz NhSyhﬁ. (6)
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The total response fraction is defined as a weighted mean of the stratum response fractions with
weights corresponding to the Neyman allocation. A relatively large weight is assigned to a stratum if
the stratum is larger or the stratum is more variable internally. We note that the total response fraction
as defined by (6) depends on the target variabley, as it should be, because the seriousness of the bias
due to non response may vary from variable to variable.

In order to define a (quantitative) quality indicator for the sampling error, we assume that each
stratum total is estimated by a regression estimator. Let y be a scalar target variable and x a p-vector
valued auxiliary variable that is correlated with y. Using the separated general regression estimator,
the estimator for the population total of y isgiven by

V=3 N[5, + 81X~ %)) Q

where Y,, isthe (net) sample mean of y for stratum h, X, is the (net) sample mean of x for stratum h,

X, isthe population mean of x for stratum h, and

.o O o 0
Bh :&yhi Xhixhi% %yhi Xhi yhi% (8)

with j . > 0. Itisrequired that al ), are known. Sarndal et al. (1992) suggested taking = g,,°,

where g? can be interpreted as the variance of independent random varigblegefined in a
superpopulation model of which thg, are supposed to be the outcomes. Note that each termin (7) is

a general regression estimator for the stratum population ¥talNote further that the ratio
estimator, the ordinary regression estimator and post-stratification are all special cases of the general
regression estimator (see e.g. Sarndal et al., 1992, Chap. B, Eey,, — B. X, , then the variance

of the separated regression estimator for the population total can be approximated by (Sérndal et al.,
1992, Chap. 6):

Var(7) = 3 NE (-~ ) ©
r th h n;a Nh '
with
N N LN
=1 h(eh—E)ZandB—gzhyxxtggzhyxy%
eh Nh_l; i h h L hi “*hi h|D Z hi “*hi h|D'
If there exists constanp-vectors ¢, such thatci x,, = A" for all i =1,...,N, then E, = Ofor all

h=1,...,H (compare result 6.5.1 of Sarndal et al. 1992). If in addifigr=1 we may rewriteS;,

in terms of unexplained variation. Leﬁ denote the (multiple) correlation coefficient betwgeamd
X in stratumh, i.e.
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Nn U
B, @Z Xpi X EBh -N,Y,?
po=—; , (10)
S Vi N

then it is easy to show that S = Sj (1~ o). The decrease of the variance, due to the use of

auxiliary information, is now easily measured by means of the multiple correlation coefficients.
Therefore, we will associate the multiple correlation coefficient with the use of auxiliary information.

We note that all parameters required for estimating S,fh and/or pﬁ are based on the net sample size.

The use of auxiliary information is a well known method to improve quality. It is often possible to
gather additional information for the sample elements without much extra effort or costs. In business
statistics the number of employees is often used as an auxiliary variable. It is generally known that
auxiliary information can be used to 1) reduce sampling variance, 2) correct for non response bias,
and 3) make the estimates consistent with other population parameters. Note that for variables to be
used as auxiliary information the population totals have to be known. For convenience it was assumed
that this auxiliary information is incorporated in the estimation procedure by means of the separated
regression estimator (7). For large samples the variance of this estimator is given by formula (9). As
can be seen from this formula, the use of auxiliary information influences the variance rather

straightforwardly, i.e. it reduces the stratum variances by a factor (1—p7). If this factor varies

between strata then the use of auxiliary information also influences the Neyman allocation. Hence, an
improved version of (6) is

i N, Sy (1- pL,
L(y) ==

> NiSuy- o) |

Obviously, (11) not only depends on the response fractions L,, and the stratum variances SZ . but also

(11)

on the correlation coefficients ,ohz. The higher the sguared correlation coefficient in a specific

stratum, the lower the stratum contribution with respect to the total response fraction. This
corresponds to the fact that the use of auxiliary information may reduce the bias. It should therefore
be incorporated into the measure related to non response.

9. Cost functionswith respect to sampling error

With respect to the costs of business surveys, statistical agencies are asked to provide the following
information: the total personnel costs and the total material costs of the survey, the distribution of
personnel over the survey activities, and some information relating to the costs made by businesses in
completing the survey. These cost characteristics form the input of the model. In addition, information
about the survey methods that are used is required. First of al, the costs of a survey depend on the
process characteristics. The use of different methods will usually lead to differences in costs as well.
In Section 2 we have discussed seven activities, of which only four are related to the total costs with
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respect to the sampling error (see Table 3). These activities are data collection, follow up procedures,
data entry, and editing and imputation. In this section, we will concentrate on these activities.

Again, we assume that the survey design is stratified simple random. For each stratum we distinguish

gross contact

between nZ°*, nX™* and n’*. These numbers are related through the number of follow up
procedures K, and the success rate at each trial A, , as specified by (1) and (3). In general, the costs

will depend on the number of units included in a specific activity. For example, the more
questionnaires are collected and processed, or the more units are contacted in the follow up
procedure, the higher the costs will be. The costs of a specific activity min stratum h can be described

as afunction of the method used, T,", and the number of unitsincluded in the activity:
Cr=Cr(mm.ny), (12)

gross contact

where nﬂm canbeequal to NS, N, ,and n®, depending on the activity under consideration. As

stated in Section 7, the net sample size and the number of units contacted depend on the total number
of attempts to contact units, the response fractions and the gross sample size. Hence, the costs can

also be expressed as a function of k,and Ay and n°®. These relations will be further elaborated
below. In the following we will assume that

» each cost function (12) has two components: fixed costs and variable costs,
» thevariable costs are proportionally related to the number of unitsincluded in the activity,

» for each activity no more than one method is used (if more than one method is used for an activity,
only the most important method will be considered).

The last assumption implies that the costs of each activity are equal to the costs of the (main) method
used in each activity. The total costs made by the statistical agency per stratum, C, ,are equal to the

sum of the costs of the different activities distinguished in the survey process, i.e.,
C,.=)C". (13)
h ; h

For reasons of completeness the general cost function (12) isworked out below for all seven activities
mentioned in Section 2.

For the activity ‘use of the sampling framen (= 1) two methods are distinguished, namely
maintenance of the sampling frame without quality inspection, or maintenance of the sampling frame
including quality inspection. In each stratum one can choose either one. Once the choices are made,
the costs can be considered fixed in each stratum:

Cl=c. (14)

For the activity ‘questionnaire desigmh(= 2) we distinguish between three methods, which can be
classified as: evaluation methods with no respondents involved, evaluation methods with few
respondents involved, or evaluation methods with many respondents involved. When different
gquestionnaires are used for the different strata, the evaluation methods may differ for the strata as
well. Once the methods are selected, the costs can be considered fixed in each stratum:
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C2=c’. (15)

For the activity ‘data collection’'nf = 3) we distinguish between four methods: mail, computer
assisted telephone interviewing (CATI), computer assisted personal interviewing (CAPI), or
electronic data interchange (EDI). In principle, different data collection modes can be used for
different strata. Once the choices are made, the costs of the data collection depend on the gross
sample size:

Cl=c’+a’n?™, (16)

where aﬁ’are the costs per unit (at the first trial). Note that these costs per unit depend on the kind of

data collection method. For the activity ‘follow uph & 4) we assume only variable costs:

follow -

where n,is the total number of contacted units in the follow up

follow contact gross
-nS>>.

proceduren,”™ =n,

We distinguish between three follow up methods, namely : follow up by letter, follow up by
telephone, or follow up by field workers. We note that the costs per unit in the “follow up” may differ
from the costs per unit in the “data collection”, for example because different modes are used. For the
activity ‘data entry’ (n = 5) the cost function is

C>=c’+a’n™, (18)
where the costs per una'atﬁ depend on whether the data entry is done by hand, or automatically. For
the activity ‘editing and imputationhf = 6) the cost function is

Co=c¢’+a’n™. (19)

The costsaf]3 per unit depend on the method used for editing and imputation: manual, semi-automatic,

or full automatic. Finally, for the activity ‘estimationm(= 7) and all other survey activities we only
consider fixed costs:

Cl=c . (20)

Summing the results and making use of (1) to (4), the total costs per stratum can be expressed as
Cy =C, +a,n® (21)

where
G, =Cy +Cy +Cy +C; +C) +Cy (22)

are the total fixed costs of stratunand

a_r?_'_as(Mh -1

+(@>+af 23
L, L, (ay +a,) (23)

a, =
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are the variable costs per (net) sampling unit. If aﬁ = a;‘, i.e. the costs per unit in the “follow up”
equals the costs per unit in the “data collection”, then (23) can be simplified to

M,

a, = +(a +ay). (23a)

h

Note that &, given by (23a) is a function of the total number of contact atterkptghrough
M,/L,. It is shown in appendix A thatM,(k,)/L,(k,) =M, (k,-D/L,(k, -1 if
A 2 Apy 2...2 Ay, . S0, in most practical situatiors, is non-decreasing il . In other words, the

variable costs per (net) sampling unit will generally increase as the follow up procedure is intensified.

If Ay = Ay =..= Ay, =A,,soL, =AM, then (23) can be further simplified:
4
a

a, = -+ (@) +ay) =a;. (23b)
h

In this particular cas@,,is only dependent on the cost and data characteristics. Finally, the total costs
can be expressed as

H H
C=)C =c,+)an”. (24)
Z]_ h 0 Z]_ h''h

The costs are measured in local currency and will be converted to euro’s for reasons of comparability.
Differences in the cost structure can give some indication of the relative contribution of different
survey activities to the total efficiency. However, we do not consider it very useful to compare the
surveys of the Member States on the basis of absolute differences in costs.

An important issue that remains to be considered is to determine the cost parameters. These
parameters are generally not known and have to be estimated from the process and cost information
obtained from the Member States. We concentrate on the cost function which is given by (21). This
cost function contains two unknown parameters, nantglygiven by (22) anda,, given by (23).

These parameters can be estimated at two levels, depending on the amount of information available
about the surveys costs. First, suppose that there is very little information, i.e., per stratum

information is only available about the total fixed co€§ and the total variable cost,. By
definition we have

C, :Cr:: +Cr\1/ E(Vh': +VrY)Ch’

where VhF is the proportion of fixed costs anﬁg’ is the proportion of variable costs. These
proportions are assumed to be known for the survey process in question. Rough estintgtsdfor

a, are now obtained byC{ and C) /n%° respectively. That is, the estimated costs per unit are
equal to the average of the total variable costs.
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A more refined approach is first to estimate al fixed cost components c;'and variable cost

components a;', and then to insert these estimates into (22) and (23) to obtain estimates for c,and
a,, respectively. Decompose the total costs with respect to activity min stratum h into

Cy =FR"+V,",

where F" are the fixed costs with respect to activity m and V,"the variable costs with respect to
activity m. The fixed costs component ¢, can be estimated by F," and the costs per unit a,' by

V" / n,". In principle, the costs of each activity and the method used can be derived directly from the

guestionnaire sent to the statistical agencies in the Member States. This approach needs separate
estimates for ¢, and a,,. If these costs estimates are not available for all strata then one may consider
to collapse some strata, assuming that these parameters are equal for the collapsed strata.

The division into fixed and variable costs depends on the activity in question. Some activities have
only fixed costs. If variable costs exist, the proportion of fixed and variable costs of the activity in
question must be specified in advance. As information on fixed and variable costs is often not

available, rough estimates will be used. We note that for the trade-off between costs and precision
(see Section 11) only the variable costs are relevant.

10. Optimum allocation given the total budget restriction
10.1 Optimum allocation for a fixed follow up strategy

An important issue in stratified designs is the allocation scheme, i.e. the allocation of the sample over
gross

the strata. In this section we distinguish between the gross allocation scheme &7 = NI /n%°* and

the net allocation scheme &™ =n/® /n™ . We concentrate on the net allocation scheme; the gross

alocation scheme is easily obtained by the following relation:

ross 1 ne A 1 ni 1 n a 1 ni
& :7nhet Zinha =T h(Et hzi het- (29)
L, S L, = Ly,

The problem is to find a net allocation scheme such that the variance given by (9) is minimized
subject to the cost function given by (24). For fixed L, and M, , that isfor fixed k,,, the optimum net

allocation scheme isfound to be (see e.g. Cochran, 1977, Chap. 5)

o NSW-2D) VA, -
;(Nhsﬂ/a—pﬁ)/ﬁ)

=1

Pre-multiplying the right and Ieft hand side of (26) by a,n"™ and summing over the strata we obtain
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ZNhsm/(l P2)\a,

hZah < = n". (27)
;( S0 Va,)
Inserting (27) into (24) we obtain
Z N,y Siy/ (1= 02) /3,
net (28)

z( S22 /\/E)

and by inserting (28) into (26) we find

" - (C-cy)! N,S(@-02) /3, 9
ZN WS (1= 27) \/E

Unless the cost function is given by (23b), these net stratum sizes are dependent on the follow up
intensities K, ..., K,, . The corresponding minimum variance is obtained by inserting (29) into (9)

ﬁ Nh&\/(l—pﬁ)ﬁﬁz ]

Vmin = - C_CO _thNhSh(l_ph)' (30)

Again, unless the cost function is given by (23b), this minimal variance is a function of the follow up
intensities K;,..., K, : Vi, =V, (Ki,..., Ky ) . Giventhese Kk ’s, the optimal net sample sizes can
be obtained by the following choices of the gross sample sizes

r0Ss 1 n
n'g :mnha(kl"“’kH)’ (31)

whereL, and n are given by (2) and (29) respectively. Equation (31) is important because it

relates the follow up intensities and the gross sample sizes for fixed @ostsmost practical
situations we haveA,, =2 A, 2...2 A, in which case a,is non-decreasing ink;, (with

Kiv.o Ko, Kisps oo Ky fixed). It follows that the numerator of (29) is non-increasing while the

denominator is non-decreasing k. We conclude that (for fixed cos® n® is non-increasing in
k, . Furthermore, from (2) it is easily seen thatis non-decreasing ik, . So, by (31) we also have

that nY*® is non-increasing irk, . The negative relation betweer]® and k, seems contradictory,
but can be explained as follows. An increasekjn by one has two effects onh , hamely an
increase inny® by an amount ofd, (1~ A, ,_,)...(1- A, )N and a decrease in?**due to the

budget restrictions. Obviously, the first effect is completely offset by the second effect if
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A 2 Apy 2.2 A, . We note that this relation between follow up intensity and net and gross

sample sizes no longer holds in case of exhaustive or nearly exhaustive strata, see Section 10.3.

10.2 Balancing between precision and response fraction

According to Section 10.1 there is a trade off between the precision and response rate. In order to get
some insight into this trade off we first discuss two special cases. These cases are mainly used as an
illustration, although they are probably too restrictive to be of practical interest.

* Ay =Ay =..= A, = A, with selective non-response, and

© A=A,

I\

...2 Ay with non-selective non-response.

In the first case, the cost parameters @, are independent of the K, s, implying that the net sample

sizes given by (29) and hence the variance given by (30) are independenkpfthgy taking each

ross

k, as large as possible amf™ as small as possible, the response rdtgsan be maximized

without loss of precision. In the second case the bias is independent kf’shéVithout bothering

about the response rates, one should take kaak small as possible amf™™ as large as possible

in order to maximize the net stratum sample sizes and hence to minimize the variance. In general, it is
hard to find a reasonable balance between precision and response rate. The easiest way to proceed is
to determine thek, 's in advance such that the response rates satisfy some minimum requirements,

and to calculate the minimal variance given by (30).

In the following we suggest a slightly more complicated way to find a balance between the total
response rate and the minimal variance. To that purpose we need to specify a relation between
precision and response fraction. However, since it is nearly impossible to quantify the bias, it is also
nearly impossible to quantify the utility of a high response fraction. Therefore, we limit ourselves by
treating the response fraction as an ordinal quantity; the higher the response fraction the better. We
have shown that both the response rate and the minimal variance depend on the follow up intensities,
ie. L=L(k;,....k,) andV,,, =V,,, (K,,...,K, ), and that increasing the follow up intensities will

result in a higher response rate and a lower precision. By increasing the follow up intensity in a
specific stratum by one, we wish to compare the increase in utility of the response rate with the
decrease in utility of the precision. A problem in comparing these changes is that the utilities are
measured in different units. This problem can be circumvented by comparing the relative changes. We
start with k, =1 for all h. Calculate

ﬁiNhsm/<1—pﬁ)\/ah<nq..i,1)ﬁz )

VO@...)= —Z N,S: (1-07) (32)

min

C-c,

LO@,...1)= ELZ NS, Lh(l)ﬁ/i NS, (33)

32

and



The variance given by (32) and the total response fraction given by (33) can be considered as a
situation with no follow ups. In order to study the effect of one follow up, e.g. in stratum h' we take
k, =2and k, =1 for h# h', and recalculate the minimal variance and the total response fraction:

; ¢
D NS A a Gz,

VO, 121,.0) = — c e -2 NiSIA-a)
0 =1

and
L0121, = NS L @) + ; N,S, Lh(l)ﬁ/ﬁi NS

The relative increase in the total response rate and minimum variance are respectively:

AL _ L9 -9 AV Vi =Van
T ) L(O) nd Vmin ) Vrr&?ri

Now, we define the effect of one follow up in stratum h' by the relative increase in the total response
rate divided by the relative increase in the minimal variance:

& AVmin _& Vmin
L/ V.. LAV,

min

(34)

Expression (34) can be calculated for each stratum. The stratum with the largest gain/loss ratio is
selected for the follow up if this ratio exceeds some predetermined value larger than zero, say 1. Note
that if precision is considered more/less important than response rate this predetermined value should
be chosen smaller/ larger than 1 (in Section 14 we give a theoretical justification of this decision
rule). For example, suppose that the first stratum has the largest gain/loss ratio and is also larger than
1. The corresponding total response fraction and minimal variance calculated with one follow up in
the first stratum can now be regarded as the new starting situation, and it becomes possible to study
the effect of a second follow up. As before, this second follow up should be allocated to the stratum
with the largest gain/loss ratio provided it is larger than 1. The procedure terminates when none of the
gain/lossratios arelarger than 1.

10.3 Exhaustive or nearly exhaustive strata

Specia care must be taken if the optimal N given by (29) exceeds L, N, . Suppose stratum 1 is the
only stratum in which oversampling isindicated, i.e.

7= (Ky, o Ky ) 2 N Ly (K;)
and hence

ne=(k,,....k,) = N,.
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In such situations take n/® (k,,...,K,) = N,L,(k,) and recalculate the optimal sample sizes of the
remaining strata:

N, S+/(1-27) /2,

ni?a =(C-c, _alnfa) H

gzNhsm/(l—pﬁ)\/a

The minimum variance should be calculated with the revised net sample sizes:

ﬁz Nhsm/(l—pﬁ)\/aﬁz !

h=2,...H.

Vi = -y N, S¥(1-p?
min C_Co_alNl hZz hSn( ph)
+El——ZIHN St(1-p7). (35)
o, O !

We note that the first stratum is exhaustive with respect to the gross sample size. However, due to non
response, this stratum can be considered as sampled with respect to the net sample size. To study the
effect of an additional follow up in the first stratum we distinguish between the following two
situations

N (K, +1,...,k, ) 2 N L (K, +1) and n™®(k, +1,...,K,) < N, L, (k, +1)

In the first situation one should take N/ (k, +1,...,k,,) = N, L, (k; +1) = N, L, (k,) and recalculate

the remaining optimal net sample sizes. We note that in this particular situation the net sample size
increases by an additional follow up, contrary to the general situation described in Section 10.1. In the
second situation the population size of the stratum is no longer restrictive, and the procedure as
described in the previous section can be applied straightforwardly.

10.4 Optimum versusrealized allocation

We consider five reasons why the realized net allocation of a stratified sample may not be optimal (in
the sense of formula 26) with as aresult alossin precision:
 another allocation than the optimal net allocation is used, e.g. for reasons of convenience,

 the previous samples, on which the estimates for the standard deviations used in the allocation
formula are based, are no longer actual due to a dynamic population,

 the standard deviations used in the net allocation formula deviate from the population standard
errors, e.g. due to selective non response with respect to the population variances in previous
samples,

» unexpected (not according to our model) selective non response (resulting in different response
fractions for the strata), in which case L, deviates from the real response fraction,

» amisspecification of the cost function, e.g. the cost parameters a,, are estimated wrongly.
In order to calculate the optimal net allocation the standard deviations S, and the response fractions

L, need to be known. However, the optimal alocation is determined before the sample is drawn and
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hence the standard deviations and response fractions cannot be determined on the basis of the sample.

This problem is usually handled by using the results from a similar survey of the previous year,

assuming that the variation within the strata and the response fractions will not change much from

year to year. When there have been substantial changes within a stratum, for instance due to changes

in the population (births, deaths, mergers, etc.), the allocation may no longer be optimal for the

sample at hand. Whether the alocation used in a particular survey is (almost) optimal, can be
determined by comparing the actual stratum sample size with the ‘optimal’ stratum sample size as
calculated above. The loss in precision resulting from using a less than optimal allocation can be
assessed by calculating the difference between the variance for the optimal allocation and the variance
for the realized allocation.

11. Trade off between costs and quality
11.1 Overview

To evaluate the relation between accuracy and costs we will study the effect of simulating changes in
two instruments that are known to affect precision: the gross sample size and the follow up intensity.
In this section we no longer treat costs as a given constant, but as an output variable which may
change as the gross sample size and the follow up intensities change. Both an increase in the gross
sample size as a higher follow up intensity will result in a greater precision, i.e., reduction of variance.
However, the survey costs will also increase. This model will be used in the simulation, which will be
discussed in Part C. The results of the simulation will give an indication of the ‘marginal costs’ of a
variance reduction given the process characteristics of the surveys of the Member States. The purpose
is to get insight in how differences in the process characteristics between the surveys of the Member
States affect the trade off between costs and precision.

As the starting point for our analysis we take the quality indicators with respect to the sampling error
described in Section 8 and the cost functions given in Section 9. The main characteristics of the
simulation model are summarized below. We distinguish:

Exogenous variables

 the success rategl ;)

» the use of auxiliary information (as expressed in the correlation coeffwﬁa)nt
Instruments

« the gross allocation schem&{®®) and the gross sample siné ™

» the follow up intensitieX, , ..., K, : number of attempts to contact units.

Quality indicators

+ the sampling varianc¥ (Y,)
« the total response fractioh(y)
Cost indicators

 the process cost£))

» the net response burdeB)
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We assume that for the survey process in question information on the model characteristics is
available. In the present study only two instruments are considered; the gross sample size and the
follow up intensities. Although the field work organization (which determines the values of A,;) and

the use of auxiliary information (which determines the values of ,ohz) could also be taken as

instruments, here they are assumed to be fixed. With respect to the gross and net allocation scheme

we assume that (before changing the instruments) the optimal allocation is used, as described in

Section 10.1. Changing the instruments will affect the allocation scheme as well; it may deviate from

the original allocation scheme if the two instruments are used independently of each other. Namely,

an additional follow up in a particular stratum without changing the gross sample stratum size will

affect the net alocation scheme, and the resulting allocation may no longer be optimal (compare
equation 31). However, if it is desired that the allocation scheme is also optimal after changing the
instruments, then these two instrument should be used simultaneoudly. In the first case it is possible to

study the effects on costs and quality of changing one of the instruments at a time, while keeping the

other constant. In the latter case it is more sensible to study the effect on all quality indicators
simultaneously by changing the total cost budget and applying the instruments according to an
‘optimal’ mix (see Section 11.3). To see how the changes affect the quality and cost indicators the
relations among the model characteristics need to be specified. This will be the subject of Section
11.2.

11.2 Model specifications

The first step in developing the model is to specify the relationships between the instruments and the
quality and cost indicators. Denote' = (K,,...,K,, ). From Sections 8 to 10 we summarize the
following indicators

S NZS2(-pf)
_; NhSrf(l_pﬁ)i

V(Yi):gl

Lh nr?r0$
which reduces to

ﬁz} N@Jﬂ—pﬁ)ﬁﬁz ’

Vmin = - N 2(1_102)
C—CO ; hSn h

in case of optimal allocation,

L(y) = & Nhsm/(l—pﬁ)Lhﬁ/ﬁi Nhsm/(l—pﬁ)ﬁ,

and

H
C=c, +z[as +al (M, -1+ (s +af)L, Jng°,
=1
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where L, = L,(k,), M, =M, (k,), n?** =nT*(k), and a, =a, (K).We distinguish between
two situations, namely 1) the additional follow ups will also affect the gross sample sizes as indicated
by equation (31) and 2) the additional follow ups do not affect the gross sample sizes.

11.3 Trade off between costs and quality; situation 1

In this situation we will examine the effect on the quality indicators of increasing the total cost budget
by an amount of AC. These extra resources can be employed to increase the intensity of the follow
up procedure, to increase the gross sample size or in both. The change in minimal variance can be
obtained from (30):

B s e & k] NS ya &L

AVmi n = -

(36)
C-c,+AC C-c,
Since a, isincreasingin K, , the decreasein minimal variance will be less the more AC is employed

to increase the follow up intensities. We note that in case of exhaustive (or nearly exhaustive) strata
(36) should be adapted, as described in Section 10.3. Let AL, = L, (k, + Ak, ) — L, (k; ) denote the

change of the response fraction in stratum h, then the increase in the total response rate can easily be
obtained from (6)

AL(y) = ﬁi N, S,y (@-p7)AL, ﬁ/ﬁi NhSn\/(l_phz)ﬁ' (37)

By means of (36) and (37) we may calculate the ‘marginal’ profits of an increase in the total costs
budget: AV,,,/AC and AL/AC. We note that these marginal profits depend on the unit of

measurement. To avoid this dependence we can calculate the so-called elasticity’s

min

MV, [AC AL /AC
V C L/ C°

min
An increase in the costs budget with an amounfAGfC x100 percent results in a decrease in the

variance withAV,;, /V,.,, 100 percent and an increase in the response rate/uith x100 percent.

As described in Section 10.2 these relative improvements may be the result of an ‘optimal’ mix
between the increase in gross sample sizes and the increase in follow up intensities.

11.4 Trade off between costs and quality; situation 2

In this situation we will study the effect on the quality and costs indicators of changing the gross
sample sizes and the follow up intensities independently of each other. To be specific, we no longer
strive for an optimal allocation scheme as given by (29). As a result the choice of the gross sample

sizes and the follow up intensities are no longer related by (31pJ€. is no longer a function d¢
Instead we fix the gross allocation scheme. As a consequence the resulting net allocation scheme is
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probably sub-optimal. First we consider a change in gross sample size (holding the follow up
intensities constant):

AnM® =L, (k,)&ETSANTS, (38)
The change in the variance can easily be obtained from (10):

H 1 O
- IN? (1-pD)S,, (39)

AVE)=S O
v, = ng® +Ang™ 0

Note that we do not use the minimal variance formula, because the resulting allocation scheme may
be sub-optimal. Inserting (38) into (39) gives the resulting change in variance. Again, we note that in
case of exhaustive (or nearly exhaustive) strata the changes of the net sample sizes in (38) should be
adapted, see Section 9.3. The total response rate does not change, because the response rates L, only

depend on the follow up intensities. The change in the total costs equals
H
ac=y [a+ai(M, D+ @ +adL Jer=an™ @0
=1

Next we consider a change in k,,, i.e. a change in the follow up intensity in the h-th stratum. The
change in the net stratum sample size is (holding the gross stratum sampl e sizes constant):

AnM® = AL, &IOS (42)
with AL, = L, (k, + Ak, )— L, (k). Inserting (41) into (39) and (37) respectively, gives the change
in variance and the change in total response rate. The change in the total costsis

H
AC = Z [aﬁAM Wt (as’ + aE)ALh ]gzhgrossngross ’
=1

where AM, = M, (k, + Ak, ) — M, (k,) . Eventualy, we could calculate the following quotients:

AV(Y) AL(YY) AC
Angross ’ Angross ’ Angr0$ ’

(42)

and

AV(Y) AL(YY) AC
Ak, ' Ak, ' Ak,

(43)

These quotients show the change in the cost and quality indicators due to a change in the instruments.
The larger the ratio the more effect an instrument has on the indicator. Again, (42) and (43) can be
replaced by their elasticity’s in order to eliminate the dependence on the unit of measurement.

11.5 Implementation

In order to implement the model in the computer program, the theoretical relationships between the
instruments and the quality and cost indicators will be worked out below. For the implementation
some additional assumptions are made as well. For reasons of simplicity no auxiliary information is
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used, i.e., it is assumed that ,oh2 = 0. In this case the regression estimator reduces to the direct
estimator.

In order to carry out the simulations, reliable information about the statistical process of the Member
Statesis required. Especialy, information on the sampling design and the costs of activities is needed.

If no information on the survey costs is available simulations cannot be performed. On the other hand,
if al information is available except data characteristics such as the sample mean and the sample
variance, one can choose to perform the simulation using the values from similar surveys. For
example, the unknown sample variance for survey A can be substituted by the known sample variance
obtained in survey B, under the condition that the strata structure is the same. Instead of one survey,
one can aso use the average of a number of similar surveys as a benchmark for imputation. In the
case of substituted data characteristics differences in precision between the surveys merely reflect
differences in stratum population and sample sizes.

12. Interrelations between sampling error and frameerror

In this section we consider the sampling frame as a list of units, which are classified according to
some specific classification variable. The most commonly used classifications in economic statistics
refer to activities, ingtitutional sectors, regions, size and products (EUROSTAT, 1998). In Section 8,
we discussed the general regression estimator in case of stratified designs, where the stratification
variables are derived from one or more classification variables. In addition, due to a continuously
changing population, e.g. birth, growth, or death of enterprises, the sampling frame may suffer from
undercoverage, misclassification errors, or overcoverage. Undercoverage may have a serious but
unknown effect on the bias of the general regression estimator. Without additional research, like
inspection of births, it is very hard to quantify this bias. In the following we will concentrate on the
effect of misclassification errors and overcoverage on the sampling error.

Aslong as misclassification errors do not result in undercoverage, the general regression estimator for
stratified designs, i.e. formula (9), remains (approximately) unbiased. However, misclassifications
may result in higher variances. This can be argued as follows. It is common practice to construct strata
so that they are as homogeneous as possible with respect to the target variable y, because
homogeneous strata will result in low variances (see formula 9 or 30). The strata are constructed by
means of the classification variables. In case of misclassification errors the division into homogeneous
strata is probably less successful than in case of no misclassification errors. We conclude that
classification errors may result in aless effective stratified design and hence in higher variances.

A sampling frame suffering from overcoverage contains units which do not belong to the target
population. Such units may turn up in the sample if they cannot be identified beforehand, i.e. before
sampling. Now, constructing estimates in case of overcoverage can be considered as constructing
estimates for subpopulations. To be specific, both the sampling frame (N units) and the target
population (N, units) are stratified into H strata according to the same classification variables. Let
N, denote the stratum total of the h-th stratum including the overcoverage and N, the stratum total

of the h-th stratum without the overcoverage. Furthermore, denote
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DY if the unit belongs to the target population
Yo = 0o otherwise

and

Xy if the unit belongs to the target population
Xoi = EO otherwise '

H Ny H Ng

The population total of yy;, i.e. ; Vi = Zi Z Yn = thY =Y, isthe parameter of interest. In

a stratified simple random sample this population total can be estimated by the following separated
regression estimator:

25Ny 8] 2

We distinguish between two cases: 1) there is no auxiliary information available and 2) the stratum
totals N, are known. Let g denote the number of observed units belonging to the h-th stratum of
the target population. In the first case the general separated regression estimator (44) reduces to

Yo Z Ny, y', = Z N V= Z N Yan: (45)

where Y, = —+ ) VY, isthe ordinary estimate of the (target) population mean of the h-th stratum,
ah 171
based on the net sample size. The variance of (45) can be worked out as (compare Cochran, 1977,

form. 2.62)

_ 1 ONay 2 , N N,
(1)) ZN ( net_N )%N Nah (1- N, )Y

h h

(46)

I:II:II:I

It is important to note that in case of non response it may be troublesome to estimate N, , because

“ may be severely biased upwards if units falling outside the target population

h
do not respond exactly for this reason. In this case the seriousness of the overcoverage will be
underestimated, and hence N, will be overestimated.

In the second case we teke X, =1for all units; this yields I_5>;1t =V, Xp=Ng/N,,

X, =Ny /N, ,and
Yo Z Nap Vo - (47)

If we condition on n3J**, then the sampling design can be considered as stratified simple random

sampling with gross stratum sample size n3°. Thisresultsin the following formula for the variance
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(Vi) = ZINah( = )SZ

For large sample sizes we have approximately (assuming no bias) n;; /n = N, /N, and
5 H 1 1 0N, U
VYL =S N2 (—- 2 0 (48)
() =3 Ni G =R BN ol

A comparison between (46) and (48) shows that the reduction of variance due to aknowledge of N,

islarger when the proportions of overcoverage (1- N, /N, ) arelarge.

If we compare the variances (46) and (48) with the variance which would have been obtained in case
of no overcoverage

V%)= 5 N (o )Sh = 3 N - e s
= n, N, = N, n; N, ON, U
we see that the increase in variance due to overcoverage can be explained by two effects. The first
effect is a reduction of effective net sample size; sampled units which do not belong to the target
population should be neglected. The second effect is a probable loss of information about the stratum
population totals N,

If we want to limit the disadvantageous effects of overcoverage we need to know N, or even better,
we need to identify the misplaced units. When this information is lacking, it may be cheaper to start
with arelatively large preliminary sample in which only x|, is measured. The purpose of this sample
is to provide preliminary information with respect to overcoverage. However, this means that the size
of the sample in the main survey on Y, must be decreased. This technique is known as double

sampling or two-phase sampling (see Cochran, 1977, Chap. 12). One may distinguish between double
sampling for proper stratification and double sampling for regression estimates. The use of a
preliminary sample can be incorporated into our model. We will not elaborate on this topic.

13. Incor porating net response burden

Until now, the net response burden has been neglected as a cost indicator. Besides costs made by the
statistical agency there are costs made by businesses in completing the questionnaires of the business
surveys. The total costs made by the responding businesses, the net response burden, is measured as
the time spent to fill in the questionnaire. That is, we define the net response burden as

B= Ztr*"n”e‘,

where t,*Fis the average time to fill in the questionnaire. Note that according to this definition, we

are able to discriminate between strata with respect to the length of the questionnaire, taking into
account the structure of the sample vis-a-vis the size of the enterprise. In case of fixed costs and
optimum allocation, the net response burden can be considered as a function of the follow up
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intensities B = B(k) . We have argued that n/® is non-increasing in k, ifA,, =2 A, =...> Ahkh (see
Section 9.1), implying that the net response burden is aso non-increasing in kK, (with
Kyy.o Ky, Kisps -5 Ky fixed). One way to incorporate the net response burden into our model is to
consider it as a quality indicator instead of a cost function, and to extend the theory of Section 9.2.
Thiswill be the subject of the next section.

14. Utility functions

In order to incorporate the net response burden we have to specify the utility function, which is
implicitly used in Section 10.2 to relate the minimal variance and the total response rate. Denote this
function by U =U(L,V). Since both L and V are functions of k, U is aso a function of k. It is

important to note that it is impossible to measure U, because L and V are in general completely
different quantities with completely different units of measurement. Instead, we treat U as an ordinal
variable. For example consider the following utility function

U =log(L) - log(V). (49)

Theideaisto maximize U as a function of k. If the k;, were continuous, we could find this maximum

by differentiating U with respect to the k;, and setting the partial derivatives to zero:

du 1d. 1dv

==& 2% 5 h=1.H.
dk, Ldk, Vdk
This gives — o= = LV o1 L H i del the k,'s are discrete. |
ISgives ———=——"10r =41...,A. Aowever, In our mo e S are daiscrete. In
IVE T ok, ~V ok, ;

Section 10.2. we have in fact given an algorithm to approximate the optimal valueNofv, the
utility function given by (49) opens the door to incorporate the net response burden. Consider the
following extension of this function:

U =w, log(L)-w, log(V) —wg log(B) .

The weightsw, indicating the relative importance of each quality indicator, should be determined by

the survey manager,. For example, if only precision is considered important (i.e. the non response is
considered to be non-selective and the net response burden can be neglected), then one should take
w, =1 and w, =w, =0. We note that variance and net response burden are in fact disutility’s .

Therefore these components have a negative sign. Based on this extended utility function one may
search for an optimal follow up strategy, e.g. as described in Section 10.2.
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Part C. Manual for the computer program

I ntroduction

Based on the model developed to assess the quality of structural business statistics of the EU
Member States a computer tool is developed. This tool handles the input of the data obtained from
the questionnaire (see appendix D) and produces the output as mentioned in Part B. To this part is
referred for the theoretical background of the model. In this manual, the use of the data quality
program will be explained. The options and possibilities of the program will be discussed and
some examples will be given. A case (Utopia) is worked out (see the answers in Appendix D) to
illustrate the input and output of the program.

The program is written in the language Delphi 3.02 and runs on a Pentium 16Mb computer. All the
input and output is handled by Delphi: the input tables have been made in Paradox and can be
examined using the Database Desktop program. The screen is divided into 2 parts. the left part
contains a description of the data; the right part is used to display either extra information on the
data or to display the result of numerical simulations. This result can be displayed either as text or
as a graph. The manua consists of 3 parts: the first part discusses the way the data has been
represented in the program, the second part lists all possibilities to edit the data and the third part
discusses all menu items.

Note: before starting up the program, the database location must be defined in the Quality.ini file
(in the same directory as the program), i.e. altering the text after Dat aBaseDir = . Thiscan
be done using a simple text editor.



Thedata structure
Country:

The data consists of countries (Utopia, etc.) with a number of properties, such as TotaVariance, etc.
Attached to the countries are a number of strata (for Utopia these are stratum 1, 2 and 3). The E in
front of CountryName and CountryY ear indicate that these items are editable by clicking the right
mouse button. However, most of the properties of the country are not editable, but will be calculated
through the menu items under Smulate.

I Data Quality Analysis

File Edit “iew  Simulate Options Help

..... E Countr/vear
----- AllStrataCversampled
----- TotalResponseFraction
e Totalvariance
----- TatalProcessingCosts
- TotalFixedCosts
- TotalvariableCosts
----- E PresetTotalBudget
t— MetResponseBurden
[Hility
Straturm 1
Straturm 2
-~ Straturn 3
MNewCountry
StrataFool
#H-— ResponseFrofileFool
- CostProfilePool

Stratum:

Each stratum consists of a number of properties such as GrossSampleSize, NetSampleSize, etc. and
includes 2 profiles: a cost profile and aresponse profile.

i Data Quality Analysis

File Ecdit “iew Simulaie  Options  Help

F-—— utopia
- MewCauntny
- StrataFool
Stratum 1
----- E StratumSize
----- E GrossSampleSize
----- Crersampled
----- MetSamplesize
----- E MNaoOfContacts
----- E StandardDewviation
----- E CorrelationCoef
----- todeledResponseFraction
----- ModeledieanContactRate
----- Stratum/anableProcessingCostsPerlnit
----- StratumFixedProcessingCosts
Response profilel
Cost profile
Stratumn &
Straturn 3

F.TF
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Cost Profile (see Section 9):

The Cost profile contains 7 cost types; for each of these types 1 or 2 quantities are available: fixed
and/or variable costs. If the right button is clicked on editable item (marked by an E) then a small edit

window

appears.

4l Data Quality Analysis

File Ed

it Yiew  Simulate Options

Help

0-EE-E

utopia
MNewCountry
StrataPoal
ResponseProfilePool
— CostProfilePool
E-E Costprofilel

Currency

E ResponseBurdenPerFr
SAMPFRAME
QUESTDESIGM

B Fixed
DATACOLLECTION

FOLLOWUP Edit: O] x]
DATAENTRY  F '

------ E “ariable perur
EDITIMF

Cancel |

ESTIMATION

Response Profile (see Section 8):

The Response Profile contains the response fractions as defined in Section 8. Left clicking on the
lambda labels will print their values in the right window. Dragging a response file the right window
will show a graph of the response fractions (the lambda’s) as a function of the number of contacts.

}2 Data Quality Analysis

File Edit “iew Zimulaie  Options  Help

OO oy OOy OO OO

|

utopia

Problermia

cB=

EenMiguwland
StrataPonl
ResponseFrafileFool

Fespanse profilel
E Lambdai

.. E Lambda ?

E Lambda 3
E Lambda 4
Lambdahb
Fesponse profile?
Fesponse profiles

- eroa

Lambda 1 =
Lambda 2 =
Lambda 3=
Lambda 4=
Lambdab =

0.70
0.50
015
010
0.08



Response fraction for profile 1

Contectng

The pools:

The strata, the response profiles and the cost profiles are organized into pools (which in fact
correspond with the tables variance, respfrac and costs, respectively). ONLY the elements of the
pools are editable! This means that in order to edit stratum 1 from country Utopia one has to edit
stratum 1 from the StrataPool. Note that this edit will also affect other countries that refer to Stratum
1. In order to prevent this from happening one should define separate strata for both countries in the
stratapool.

Editing the data

Before discussing al editing possibilities, it isimportant to notice the following: all edits are made to
the data in the computer. Nothing is definite until stored by using DB --> Tree or by exiting the
program and clicking yes to the question whether to save the data or not.

There are two exceptions to this:

1. If aformisused to edit a country or a stratum then the program data for that country or stratumis
saved to the database; once the editing of the form has been completed, the database record (-not
al- of the database) is copied back to the program data.

2. If any of theitemsunder 'View’ is used, the data being displayed in the form will be saved from the
program to the database before displaying the form.

To add an item:
There are 5 itemsin the file menu:
New Country
New Stratum
New ResponseProfile
New ResponseProfile Entry
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New CostProfile

Before selecting this item, one can select corresponding country, etc. from which to copy the data. If
none is selected the first country, stratum, etc. from the tree or pool is selected. If the pool does not
yet contain any items, a completely new one is generated. The item 'New ResponseProfile Entry’ adds
anew response fraction (lambda) to the selected response profile.

To delete an item:

Select the item and choose Edit - Delete. An item can only be deleted if there are no dependent
parents; for example, if stratum 1 contains cost profile 1, then cost profile 1 cannot be deleted from
the pool.

Show property value:

Simply click on the relevant item. This will print the property name and value in the right window.
For profiles, strata and countries it is possible to drag them to the right area and drop them there; this
will cause (part of) their information to be printed there or a graph depicting the information. Below
are shown the response and the cost profile, respectively.
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|
Options  Help

Cost Profile 1

Cost sort Fixed Variahle [in Guilder)
SAMPFRAME 4, 600E+004
QUESTDESIGHN 7,670E+003
DATACOLLECTION 3,067E+004 1,530E4002
FOLLOWIER 2 ,030E+002
DATAENTRY 3,0e7E+004 3,590E+002
arf ELITIMF 1,533E4004 7,300E4001
ESTIMATION 0O,000E+000

Edit property value:
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Right click on an item; an item is editable if marked by an E. In case of cost distributions some extra
actions are performed: if the value of a FixedFraction or total costs changes, new values for fixed and
variable costs are recal cul ated.

Edit values using a form:
Right click on an item; whether an item is editable by aform is marked by an little form-like icon.
(De)selecting a country for analysis:

Right click on the country; ared check mark will (dis)appear. Notice that the menu item View is only
applicable when at least 1 country is selected; the menu item Simulation is only applicable when
exactly 1 country is selected.

I Data Quality Analysis

File Edit Wiew Simulaiz  Options

El-— utopia Co
o B CountryMame Co
E Countr/vear

----- Allstratalwersampled
- TotalResponseFraction
e Totalvariance

----- TotalFrocessingCosts
e TotalFixedCosts

b TotalvariableCosts

b MetResponseBurden
o Lhility

*?.I Straturn 1

; &~ Stratum 2

- Problemia

| CBS

B EenMieuwwland

- StrataPool

fm]

Adding a new stratum to a country:

Drag the stratum from the stratapool to the country. Note that a tree item is ‘dragable’ if the mouse

icon changes to a hand shape when maneuvering over the item. When dragging, mouse shape changes
to an arrow with a small rectangle when crossing allowed target items (in this case the countries).
Releasing the mouse button on such a target item will then add the stratum to the country, in this case.
Note that it is possible to drag the same stratum more than once to a given country; this will result in a
number of identical strata for that country.

Adding a new response profile to a stratum (in the pool):

Drag the response profile to the stratum in the stratapool.

Adding a new cost profileto a stratum (in the poal):

Drag the cost profile to the stratum in the stratapool.



Menu items

File- DB --> Tree:
Copy the contents from the database to the program data.
File- Tree--> DB:

Copy the program data to the database. Using File — Exitwhen exiting the program, the program will
ask if this action should be performed or not.

File- New Country, File - New Stratum, etc:
See above: To add an item
File- Copy:

Copy the left window (text or graph) to the clipboard; other window programs can now use the text or
the graph using Paste.

File - Export:

Save the contents of the left window.
File- Print:

Print the contents of the left window.
File - Printer setup:

Define the printer and its characteristics.
Edit - Qualitative (Section 7):

Edit the qualitative data obtained from the questionnaire for a selected country. When all the

questions of the input list are answered, pushing the button Transate will translate all answers into

scores on the quality indicators of the non-sampling errors. All the Not known/Blank scores will be

added up and will give you a score on the quality indicator ‘process control’. If not all questions are
answered one can only close the input list. The answers will be saved and the next time the file is
opened the unanswered questions can be completed. In addition, it is possible (by pressing the button
weights) to edit the relative importance for each of the quality indicators.
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Example input far manual

Target population: non-financial enterprises within corporate sector
Threshold for data collection: 5 employees or more

External sources used: tax registration

Estimation technique used: Separate ratio estimator

Country:  utopia Crveral Mote; 2.75 Siaviz_stislsie hielighs
“Ear 1995 Close
1D L Delete entry

11 \hat is the degree of
| confirmation after births?

12 %hat is the delay betwaen
| birth and registration?

| 13, WWhat s the degree of the
| corection of names/class.?

14.%hat is the degree of the

evtensive

Qualitative Weights

Imporance: Cuality indicatar:
imedium 'i FRiame Check
imedium :.'.; Frame Correction
imedium ﬂ Frame Uptadate

W Undercoverage
W Owercoverage

imedium .Zj Frewventing measurement errars

;medium 'i Fressenting unit non-response

imedium lj Correcting unit nan-response

1High .Zj Carrecting measurements errars | (imputation)

1medium "i heasure control process
1medium 'i Carrecting measurement errars || (Editing)

Edit - Delete:

Delete the selected tree item; see above: To delete an item.
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Edit - Clear edit window:
If the left window contains text, its contents can be cleared using this menu item.
View - Performance:

To compare the scores of several countries on the quality indicators for the non-sampling errors,
one can select this menu item. We distinguish three types of non-sampling errors: frame errors,
non-response errors and measurement errors. Each country receives a score on how well it
prevents, checks and corrects for each type of error. This score is indicated by a number of stars.
One star will indicate poor quality, two stars will indicate moderate quality, three stars will
indicate good quality and four stars will indicate high quality. Using the weights defined
previously, these 3 categories will receive a note between 1 and 4. Finally, the overall note based
on the same weightsis calculated.

Simulate - Current (Section 8):

Calculate a number of variables at the stratum and country level for the given country ‘configuration’.
Text output on a number of variables is displayed. In addition a so-called result country’ is added to
the list of countries, which allows to further query any other calculated value. Note that these 'result
country’ are not editable and will not be save to the database.

Simulate - Min Var (Section 10.1):

Calculate a number of variables at the stratum and country level for the given country ‘configuration’
using Neyman allocation at the given fixed total budget. There are 2 extra options:

1. Inaddition to optimal allocation, optimal balancing can be used as well (see Section 10.2).

2. Itisaso possible toincrease the fixed budget by a certain amount and compare the situations with
the 2 budgets, i.e. the result of the budget change on n.« and k; .

Minimal variance for: !Elm

™ Use optimal balancing
™ Compare change in Preset Total Budget

PresefTotalBudget = 1105000,00 Guilder

Delta costs = ITIDEDU

Simulate - dV/dC and dL/dC (Section 11.3):
(using Neyman allocation at the given fixed total costs)

Obtain the quantities (dV/V) / (dC/C) and (dL/L) / (dC/C). This is done by increasing the number of
contacts for each of the strataby 1 and calculating dC, dV and dL as a result of that. These quantities
give information on how effective an increase in budget would be spentonV or L.
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Simulate - d../dk and d../dn_gross (Section 11.4):
(NOT using Neyman allocation at the given fixed total costs)

The effect of an increase of the number of contacts (k, = NoOfContacts) or the gross sample size (Ngos
= GrossSampleSize) on the following quantities V (TotalVariance), L (TotalResponseFraction) and C
(Total ProcessingCosts) is calculated.

Simulate - Utility (Section 14):

Calculate the Utility function as defined in section 14. The weights (which are default 1,0) can be
altered through the options menu item.

Simulate - Compare current and min-var...:

For the selected country the situation before and after a change in ki, ng.s OF C can be depicted. After
selection of this menu item, a popup window appears which allows the selection of the change and the
size of the change. In addition, for changes in k.,,and C one can select with or without fixed cost (=
total budget). After OK has been pressed, two graphs are shown: the first shows the changes in costs,
the second one shows the changes in n.« and ny.s; for both graphs the first bar shows (red) shows the
initial value and the second bar (green) shows the new value.

Change which instrument ? !EIB

& Increase k far stratum by 1

" Increase n_gross for straturm by

" Change fixed costs by

¥ Use fixed cost IStratum 1 vI
Ok I
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gross

N net orn

2.621.440.0004
2.457 .500.000 4
2.253.780.000
2.129.920.000
1.5966.080.000 1
1.802.240.000
1.635.400.0004
1.474.560.000
1.310.720.000

Cost in 1000 Guilder

327 .550.000 1
163.5840.000 4

Current vs. MinVar situation

1.146.550.000 1
953.040.000 1
819.200.000
555.360.000
451.520.000 1

1]

TotalProcessingCosts

P lmt

Current vs. MinVar situation

[N

FOLLOWUR

EDITIMP

rarmcc=Samnla<iTa for otrstimm 1

2.8004
2,600
2.4004
22004
2.0004
1.8001

1.600
1.400
| 1.200
1.000
300
B00
4004
2004

Ok

n_net_1

n_net_2 n_grass_1

GrosssampleSize for stratum 1
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Simulate - (Min)Var asa function of...:

For the selected country (minimal) variance as a function of k., ny.s Or C can be depicted. After
selection of this menu item, a popup window appears which allows the selection of the change and the
size of the change. In addition, for changes in k.,and C one can select with or without fixed cost (=
total budget). After OK has been pressed, a graph is shown of (minimal) variance versus the selected

variable.

(Minimal) Variance as a function of:

& An increase k for stratum

" Anincrease in n_gross for stratum

" Achange in Preset Total Budget

¥ Use Preset Total Budget

[~ Show TotalResponseFraction as well

Ok |

IStratum 1 vI

[ Show“ariance relative

Variance vs. n_gross_1

A5 000 P --------
440.000
435.000 4
430.000
425,000 4
420.0004
415.000
410.000
405.000
400.000 4
395.000
350.000 4
3850004
350.000 4
375.0004
370.000
365.000 4
360.000
F|e000f---------
J50.0004--+-------

(*1.000.000}

‘ariance

2300 2.400

ok |

2500 2,600

2700 2800

GrosssSamnlesize for stratiim 1
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Options:
Utility weights: These correspond to the weights as defined in Section 14.

Simulation parameters. Currently there is only one parameter that can be set: the threshold value for
theratio (dL/L)/(dV/V) (see Simulate - (dL/L)/(dV/V) (Section 10.2)):

Currencies: the current currency which is used for display and conversions rates between currencies.
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Conclusions

In accordance with the project objectives (Statistics Netherlands, 1995) we have developed a model
relating accuracy to the survey costs and administrative burden. We have focused primarily on the
precision of the estimates as a measure of quality associated with sampling errors. Besides the
variance we have incorporated the response fraction as a quality measure for the bias due to non
response. The model makes it possible to carry out a simple sensitivity analysis to examine the trade
off between accuracy and costs under different assumptions about optimality of the allocation scheme.

In addition, we considered non sampling errors by defining relatively simple quality indicators that
can easily be applied in practice. An example has been worked out to illustrate the transformation of
the process information (obtained in a questionnaire sent to the statistical agencies in the Member
States) into values on a number of descriptive quality indicators. A comparison of these scores for
different surveys having different process characteristics and using different methods will give us
some of idea of the possibilities for quality improvement.

In Section 10 the optimal allocation is calculated as the most effective survey strategy given the total
costs of a particular survey. In Section 11 we have modelled the trade off between costs and quality
taking into account the survey methods as they are used in practice. By manipulating the sample size
at two points in the survey process (in the sampling design and in the follow up procedure) the effects
on the precision and the survey costs are examined. Comparing the results for the surveys of the
Member States gives an impression of the effect of alternative methods on the quality-cost relation.

The model isimplemented in a software tool. For the model to work, many model parameters must be
given values that coincide as much as possible with the situation encountered in practice. As the input
of the model is rather open, the user of the program can restructure the information on data and
process characteristics to some extent to close the gap between theory (model) and practice.

In conclusion, we hope that our model will contribute to the discussion about quality improvement of
structural business statistics in the Member States. Referring to the official project objective (see
Statistics Netherlands, 1995), the model may be regarded as a starting point for determining an
optimal and cost effective practice to obtain accurate estimates.
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Appendix A. Proof that M/L isnon-decreasing as a function of k
We have to show that that M, (k, )/ L, (k,) = M, (k, =D /L, (k, =1) if 4, 2A,=2.24, .To

j k-1
that purpose we define b, =1 and b; = ” (1-A) for j=1,...,k-1and notethat M (k) = ij
= =

k-1
and L(k) = z A;.4b; (for notational convenience we have omitted the index k). Now, a comparison
1=0

between
k-1
M (k) i
1=0 k-1
=1+ and
M k_l k-2 k-2
(k-1 b b
1=0 1=0
k-1
/\i+lbj
L(k) _ 1=0 1+ /\kbk—l 1+ bk—l
Lk-D 5, kz_zA b Sy
< j+1™j < 1M JZO /\k i
. M (k) L) . A :
yields that M(k—l)z Lk-1) since /\—21 for al j=0,....,.k-2 and bj =0 for dl
k

j =0,...,k = 1. Infact, by induction we have shown that the assertion holdsfor all k> 2.
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Appendix B. Advance letter

Heerlen, 13 february 1997

Dear colleague,

Referring to the new regulation on structural business statistics, Member States are expected to

provide Eurostat with information on the quality of their survey results. A proposal for a quality

report on business statistics is currently under discussion at the EEA Working Party Meetings on
‘Assessment of the quality of business statistics’. In order to get comparable and reliable outcomes for
business surveys from different statistical agencies, means have to be found for controlling the
accuracy of the estimates. For this reason Eurostat has initiated the project ‘Data Quality’, which is
carried out by Statistics Netherlands within the framework of SUPCOM.

The objective of the project is to develop a model by which the trade-off between the accuracy of the
survey results and the survey costs can be evaluated given the specific properties of the business
surveys in the different Member States. We expect that the model can give us more insight in the
differences in the survey process characteristics between the Member States and how these
differences affect the survey results. We need the help of the Member States to get sufficient
information about the characteristics of their survey process. We are interested in two types of
information:

(a) data characteristics, in order to be able to calculate quantitative indicators like the standard errors

(b) process and cost characteristics for evaluating the survey results in quantitative and qualitative
terms.

In this research project we will limit ourselves to two structural business statistics:
(a) Manufacturing Industry (section D of the NACE Rev.1), and

(b) Wholesale and Retail Trade, Repair of motor vehicles and motor cycles and personal and
household goods (section G of the NACE Rev.1).

Furthermore, the quantitative quality measures will be restricted to some key variables of the surveys,
as specified in the appendix. To obtain information on the process characteristics we have developed
a questionnaire. On the whole this questionnaire has a similar scope regarding the assessment of
accuracy as is agreed upon in the Working Group on quality.

We would appreciate it very much if you could help us with our project. We realise that it will take
you some time to collect the requested information. However, we hope the results of our project will
also be of interest to you. For instance, we expect this project will be helpful to clarify some of the
problems faced in practice when assessing the quality of business statistics. Furthermore, it is worth
knowing what differences in process characteristics exist between the Member States, and how they
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affect quality. It goes without saying that the more information we can get from the Member States,
the more our model can contribute to the discussion on quality at Community level.

To be of use for us, we need to have the information by April 15, 1997. We are more than willing to
help you answer the questionnaire. Please let us know if there are any problems. For all your
guestions about the project and the questionnaire you can contact the project leader of the Data
Quality project.

Yours sincerely,

René Huigen

Statistics Netherlands
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Appendix C. Data characteristics

In the questionnaire you are asked to specify the sample design of the survey in question. We
implicitly assume that all business surveys are drawn according to a stratified sample. To be able to
quantify the sampling error, we also have to know some descriptive measures of an actual data set of
the survey. For each stratum we have to know the following descriptive measures:

(2) the net sample size,

(2) the sample totals of the key variables listed below

2
1 &

(3) the sample variances of the key variableslisted below i.e., §7 = o 1Z(yh - yh)

h — i

If auxiliary information is used, we are also interested in the sample (multiple) correlation coefficients
between the key variables and the auxiliary variables.

For our study, the data characteristics influencing quality and cost are of primary interest, and not so
much the exact values of the variables for a given year. So, it is not necessary to obtain these
descriptive measures for exactly the same data set as the one prepared for Eurostat. What isimportant
isthat the measures are typical for the data set of the survey in question.

Referring to the appendix of the new regulation on structural business statistics, the quantitative
indicators of quality will be restricted to the following key variables for both Manufacturing and
Domestic Trade and Repair:

m turnover, totd

m value of goods produced

®m valueadded incl. VAT

m value added exc. VAT

W operating surplus

B purchases, total

m costs of goods purchased for resale as purchased
m |abour costs

® number of employed persons

B number of employees
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Appendix D. Questionnaire

Remark: the coding to the pre-defined answer categoriesis not stated on the original questionnaire.

The answers refer to a fictive case (Utopia) serving as example for the Data Quality computer
program.

Questions for statistical agencies about their business surveys

Name of the annual survey: UTOPIA
Y ear of the survey: 1995

Population

Q1: Please give a complete description of the target population, i.e. the conceptual  population of
units at which the survey is aimed? Non-financial enterprises within the corporate sector

Q2: What is the threshold for data collection with respect to the size of businesses covered by the
survey? Enterprises with 5 or more employees

Q3: In case of athreshold for data collection, have any external sources been used to obtain
information about the size classes not included? Tax registration

Q4: Please indicate and describe if necessary which restrictions or exclusions (other than those
mentioned for Q2) apply to the target population? None

Q5: Please describe the register(s) used for the industrial/business surveys? Business register

Businessregister/Sampling frame

Some countries are using a central business register as sampling frame, other countries are using
several registers. The questions Q6 - Q13 apply to the main register(s) used for the industrial/business
survey.

Maintenance of the main register

Identifying births

Q6: Isany confirmation procedure carried out before potential births of population units are recorded
on theregister?

[ INo

[X] Yes. Please, describe: All new enterprises are first checked with the chambers of commerce and
with the tax registration

coding: none, Iimitot known/blank) [0, ]@,O]
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Q7: How long on average is the delay between birth and inclusion of a population unit in the

business register?
wesks

[1] not known

coding: some delay , not known/blank) [1 @ 0]

Updating contact, classification, structure and size infor mation of businesses

Q8: Please indicate what kind of sources are used to update names, addresses, size indicators,
classification codes and the structure of businesses in the register? If possible, specify or estimate the
percentage of updates accounted for by each source (multiple answers possible).

Percentage
[X] Feedback from surveys using the register 90%
[ ] Quality surveys specially conducted to maintain the register
[X] Administrative sources 10%

[ 1 Account management (profiling of businesses by personal contact)
[ 1Other, NAMEY: ..o e

coding: extensive, (not known/blank) @ 2,0]

Identifying deaths

Q9: Please indicate what kind of sources are used to identify ‘dead’ population units in the business
register? If possible, specify or estimate the percentage of deaths identified by each source (multiple
answers possible).

Percentage
[X] Feedback from surveys using the register. 13%
[ ] Quality surveys specially conducted to maintain the register.
[X] Follow up of nonrespondents. 2%
[X] Administrative sources. 85%

[ ] Account managment
[ ] Media

coding:t, extensive, (not known/bla@ [1,2,0]

Identifying duplicates
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Q10: Pleaseindicate how duplicate unitsin the business register are identified? If possible, specify or
estimate the percentage duplicates identified by each source (multiple answers possible).

Percentage

[ ] Feedback from surveys using the register

[ ] Quality surveys specially conducted to maintain the register
[ ] Sophisticated matching procedures

[ ] Other, please describe...........ccovveciieece e

coding: to some extent, extensive, ({not known/blank [1, @]

Q11: If specia quality surveys are carried out to maintain and update the register, please specify

a) the sampling fraClioN .......ccoce o

coding: none, small sample, large sample( (not known/blank) [0, 1, 2,@

b) the frequency with which these samplesaretaken ... e,

coding: never, once ayear, more ofte; (not known/blank [0,1,2 @

Sampling frame

Coverage

Q12: No register used as sampling frame can claim to provide a complete, perfect and up-to-date
representation of any of the target populations applying for business surveys. Please try to indicate
the nature and extent (by means of a percentage) of the frame imperfections in the sampling frame
with respect to

a) undercoverage due to missing categories. Only new enterprises

%
eW, alot, (not knownblank) (1,0,

b) undercoverage due to other causes (e.g. change of principal activity, misclassifications): Some
under coverage due to misclassifications

[ [3]%
few, alot, (not knownvblank) @), 0, 0]
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¢) overcoverage (e.g., dead units, changes in principal activity): Some overcoverage caused by dead

units and change of legal form

HEIE

Iot, (not known/blank)

@O0

Q13: Isany overcoverage of the sampling frame with respect to the target population detected

[X] before sampling? Please, indicate or estimate the percentage of sample units detected:

ol | %

[X] among respondents? Please, indicate or estimate the percentage of sample units detected:

[X] during follow up of non respondents? Please, indicate or estimate

detected:

[ 1 Noinformation available

codinod, (not known/blank)

Sample design

@20

lih ] w

centage of sample units
20| %

Q14: Please indicate which part of the target population (excluding threshold) is surveyed
exhaustively and which part is examined by sampling?

Sampled strata: 6-10, 11-20; Surveyed exhaustively: 21-50, 51-100, >100

Q15: In casethe survey is (partly) based on a sample, please specify

- the variables used for stratification: number of employees, kind of activity

- how the strata are constructed:

101 102 102 104 105
2-5 1 2 3 4 5
6-10 6 7 8 9 10
11-20 11 12 13 14 15
21-50 16 17 18 19 20
51 - 100 21 22 23 24 25
> 100 26 27 28 29 30

- the alocation scheme employed (apart from oversampling)

[ ] proportional

[X] optimal or Neyman allocation

[ ] x-optimal alocation (proportional to size)



- the (gross) sample size and the percentage sampled in each stratum: .........

101 102 102 104 105
2-5 714 97 26 386 207
6-10 418 84 24 391 234
11-20 377 85 20 360 164
21-50 385 63 28 311 142
51 - 100 105 38 13 149 77
> 100 23 12 7 48 32

Q16: Give for each stratum (including the strata which are examined exhaustively) the population
size.

101 102 102 104 105
2-5 2857 388 102 1542 829
6-10 1266 254 72 1184 710
11-20 753 169 39 719 328
21-50 385 63 28 311 142
51-100 105 38 13 149 77
> 100 23 12 7 48 32

Q17: If applicable, indicate which groups are oversampled: None.

coding: yot known/blank) [1,00]

For what reasons are these groups oversampled?
[ ] high nonresponse in specific subgroups
[ ] to permit generalizations for subgroups

[ ] reduction of overall variance

Questionnaire design

Q18: Has the current questionnaire been changed over the past 5 years, or are any changes planned
for the future? Yes, two years ago
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Q19: Have any of the following methods been used for evaluating the quality of the current
questionnaire, or will they be used for an upcoming redesign (multiple answers possible)?

[ 1 No respondents involved

[X] Informal test interviews with respondents

[X] Contacts with repondents organi zations

[X] Focus group discussions

[ ] Cognitive methods

[ ] Other, NAMEY: ..o et s n e ne e

coding: none, to some extent (&xtensively, (Dot known/blank, not applicable)
[0, 1@0]

Q20: What kind of support is offered to businesses in completing the questionnaire (e.g., help desk,
specia instructions for new businesses)? General instructions for all enterprises

coding: nonensive, (not known/blank, not applicable) [@, 2,0]

Response burden

Q21: It is very important to get a good estimation of the response burden. Please indicate or estimate
the average time a responding unit had to spend on participation in this survey?

mul rin

Q22: Are any measures taken to monitor and control response burden?
[X] No
[ ] YES. Please, desCribE: .......cceiiiiiieereseee e

Data collection and follow up procedures

Q23: What kind of data collection method is used? If more than one data collection mode is used
specify or estimate the percentage of data collected by each mode.

Percentage
[x] Mail 50%
[ ] Telephone, including CATI
[ ] Interview (face-to-face), including CAPI
[X] Electronic (tape, diskette or EDI) 50%
[ ] Secondary sources
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moderately, highly, (not known/blank) @100

Q24: What kind of follow-up strategy is applied? Please indicate the methods that are used to increase
response (e.g., letter, telephone call, field workers) and describe when these methods are issued.

A letter after 10 weeks and a telephone call 5 weeks after first reminder

coding: nontensi ve, (not known/blank) [0,@, 0]

Q25: Please specify or estimate the number of units that were contacted on a 2™ occasion.
2% counted number
Dj % estimated number
[ ] no information available

Q26: Please give the final response rates for each stratum?

101 102 102 104 105
2-5 73 67 82 69 74
6-10 76 66 81 79 81
11-20 87 82 91 86 89
21-50 89 93 94 85 0
51 - 100 92 91 96 89 92
> 100 93 97 95 93 98

Data processing and estimation
Unit nonresponse

Q27: Please describe how much of the questionnaire has to be completed before it is considered a
response case. No information available

Q28: How is unit non response dealt with?
[ ] Weight adjustment. Describe the methods used ..........cccooeieieieiciccceeeee

[X] Imputation of all variables of interest. Describe the method used: Replaced by average value of
Stratum

IS 0 OO

coding (together with questions 41 and 42): nonvanced, (not
known/blank) [@, 2,0]
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Q29: In case of imputation, is it possible to clearly identify imputed units in the ‘clean’ data file?

[X] Yes
[ 1No

codigg: yeS) no, (not known/blank @ 0, 0]

Q30: Is the impact of weight adjustment or imputation on the final estimates evaluated on a regular
basis?

[X] Yes. How often are these evaluations carried gat®Rially
[ ]No

M no, (not known/blank) O[l, 0, 0]

tem nonresponse

Q3L Please describe the methods of imputation used to replace missing values.

coding: simple, advancnk) @2, 0]

Q32: Is it possible to clearly identify imputed values in the ‘clean’ data file?
[X] Yes.
[ ]No

Ldi@ no, (not known/blank) O[l, 0, 0]

Q33:. Please indicate or estimate the percentage fields imputed, for each stratum and key variable
separately.

coding: small, considerabl&/, (not known/blank) EDO 0]

Q34: Is the impact of imputation on the final estimates evaluated on a regular basis?
[] Yes. Please describe the nature and extent of these evaluations: ....................
[ ]No

coding:yes, no ,(not known/blank [1, @]
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Editing

Q35: The edit system used can be characterized as follows (multiple answers possible):
[X] Computer assisted interactive editing at the data collection or data entry stage

[X] Error lists generated by computer, followed by manual editing

[ ] Automatic data editing at the post entry stage

[ ] Plausibility inspection of aggregates, followed by a review of individual records underlying
suspicious aggregates

[ ] Top-down editing by starting with the worst observation and stopping when further review has no
impact on the survey estimates

[ ] Other, please desCriDE. ... e

coding (together with question 38i cro + aggregated, (not known,
blank) @20

Q36: What kind of checks are used on individual records beside completeness checks (multiple
answers possible)?

[ ] Routing checks

[X] Valid value checks

[X] Consistency checks

[X] Relational checks based on two or more questionnaire items
[X] Relational checks based on current and historical data

[ ] Nochecksat all

[ ] Other, please deSCribDE: ......c.ccvciiiiiece e e

coding: none, Iimit, (not known/blank) [0, 1, @]

Q37: Please describe the methods used to identify records requiring manual review. No special
method used

mple, advanced, (not known/blank) @ 1,2,0]

Q38: Please describe the methods used to adjust for errors. Company contacted in case of errors

coding (together with question 3i cro + aggregated, (not known/blank)
@0

Q39: Is it possible to clearly identify adjustments in the ‘clean’ data file?
[X] Yes
[ ]No
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o, (not known/blank) @ 0, 0]

Q40: Istheimpact of editing on the final estimates evaluated on aregular basis?

[ ] Yes. Please describe the nature and extent of these evaluations. ......................

[ INo
coding: yes, no ,(not known/blank) [1, @]
Estimation

Q41: What kind of estimation technique is used?
[ ] Horvitz-Thompson estimator

[X] Separate ratio estimator

[ ] Combined ratio estimator

[ ] Separate regression estimator

[ ] Combined regression estimator

coding: together with question 28

Q42: What kind of auxiliary information, if any, is used in the estimation process? Number of
employees

coding: together with question 28

Eurostat/ statistical integration

Q43: Towhat extent do the survey datafit in with the data required by EUROSTAT, i.e., do the
results of the survey process have the same degree of detail as asked by EUROSTAT? Please describe
any differences. ......cccveveveveeiennn,

Different size classes

Q44: Are any corrections made on the outcomes of the survey process for the purpose of integration
before sending them to EUROSTAT?

[X] No
[ ] Yes. Please specify the differences between the survey estimates and the integrated estimates.
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Costs

Q45: What is the most recent year for which you can give reliable estimates of costs as asked in the
next questions? 1994

Q46: How many persons are working in the department responsible for the industrial/business
survey? 64

Q47: How many of them are involved in conducting the survey in question? 40

Q48: Can you give an estimate of the number of persons from other departments involved in the
survey? 3

Q49: It isimportant to get good estimates of the costs related to the survey activities. Therefore we
ask you to compl ete the next table.

Q50: What are the total costs of personnel of the department responsible for the survey (in local
currency)? 1.430.000

Q51: What are the material costs, including costs for contract work, for the department carrying out
the survey (in local currency)? 195.000
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Distribution of personnel in fte’'s over survey activities *)

Number of full time equivalents involved in
the survey on an annual base

Activity From own |From other| Total
department | department(s)

Use of sampling frame 3 3
Maintenance/update of the frame
Quality inspection
Drawing the sample

Questionnaire design 0,5 05
Definition of questions
Quality testing

Data collection 6 6
Forms production
Forms dispatch
Forms receipt
Data collection by field workers

Follow up procedures 2 2
Response chase from inside
Response chase by field workers

Data entry 10 10
Data input
Elementary validity checking
Editing & imputation 25 25
Estimation, using external sources
Statistical integration 1 1
Other survey activities 3 3
Anaysis
Disclosure checking
Publication
Inquiries
Others
Total 25 3 28

*) general management and computer support staff are not to be included
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Glossary

These definitions are largely adapted from the work of the EUROSTAT working group on
“Assessment of the Quality of Business Statistics " (EUROSTAT, 1996b).

ACCOUNT MANAGEMENT

Account management (or profiling) involves personal contact with (usually) large businesses to gain
insight into their legal and organisational structure, and to define the statistical structure for the
business register.

ALLOCATION
The way in which the total sample size is allocated to each of the strata in a stratified design.

- Optimal or Neyman allocation: the total sample size is allocated in such a way so as to maximise
precision subject to fixed total costs

- X-optimal allocation: optimal allocation (see above) using an auxiliary variable that is highly
correlated with the target variable.

- Proportional: allocation proportional to stratum population size.
For details see, for example, Sarndal, Swensson, and Wretman (1992).

BUSINESSREGISTER

Multipurpose frame database designed to provide frames for individual business surveys. It should be
an up-to-date file of all statistical units from which the frames are extracted. Registers are generally
derived from administrative data.

CATI
Computer-assisted telephone interviews

CAPI

Computer-assisted personal interviews

COVERAGE ERRORS

Coverage errors may involve either the failure to identify and count units which should have been
included or the erroneous inclusion in the sample of units not properly part of a census or survey.

DUPLICATES

Within a list or frame, a duplicate is a record that represents the same business entity as another
record in the same list.

EDITING
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Editing is the procedure for detecting and adjusting individual errors in data records resulting from
data collection and capture. The checks for identifying missing, erroneous, or suspicious values in
computer-assisted editing are called edit rules or edits. An editing change occurs when an item
(question) value is adjusted as a consegquence of action taken when an error is identified. Micro-
editing and macro-editing may be distinguished in order to calculate rate of edits.

ELECTRONIC DATA INTERCHANGE (EDI)

EDI is the electronic transfer of business transaction information in a standard format between
business partners. EDI offers businesses the opportunity to retrieve information electronically from
their internal systems and to forward that information to trade partners suppliers customers/
government through a communications network.

ERROR

The difference between the survey value and the corresponding true value.

ESTIMATE
An estimate is the calculated value using an estimator.

ESTIMATOR

An estimator is the mathematical function by means of which the estimate for a particular parameter
is computed.

FOCUS GROUP

A group of comparable respondents who participate in a structured group discussion (often using
audio/video registration) in order to evaluate questions and instructions, and to identify errors or
burdens associated with understanding and answering questions and retrieving data.

FOLLOW-UP

A procedure whereby those members of a selected sample for whom a response is not obtained by one
data collection strategy (e.g., telephone or mail) are contacted by the same or another data collection
strategy in order to increase response rate. It can also be used to designate repeated surveys among a
panel of respondents.

FRAME

Theframefor asurvey isthelisting or listings of unitsin the study population from which the sample
isdrawn and through which units of the study population are contacted.

FRAME IMPERFECTIONS

Frame imperfections may be caused by the inherent limitations of input data, or by delays and errors
in the data acquisition and processing. Frame errors cover:

e coverage errors - erroneous inclusions, omissions and duplications;

74



» classification errors - units not classified, or misclassified by industry, geography, or size;

e contact errors - units with incomplete or incorrect contact data.

IMPUTATION

Imputation refers to the replacement of missing data using logical edits or statistical procedures. It
concerns item nonresponse or unit nonresponse.

ITEM NONRESPONSE

See non response error.

MACRO-EDITING

A procedure for pointing out suspicious data by applying checks/edits based on weighted keyed-in
data. This method can reduce the manual verifying work of suspected data by 35-80% as compared to
corresponding traditional micro-editing methods without any loss in quality.

MICRO-EDITING
Editing which is applied on all the questionnaires as opposed to macro-editing.

MISCLASSIFICATION
Misclassification refers to wrongly classified units, for example by industry, geography or size.

NONRESPONDENT

Enterprises in a sample from which no information has been obtained.

NON RESPONSE
The failure to obtain complete information for al unitsin the selected sample.

NON RESPONSE ERROR

Non response error results from a failure to collect complete information an all units in the selected
sample except non eligible units (dead units, out of scope units, non contacts). There are two types of
nonresponse error. First, a sampled unit that is contacted may fail to respond. This represents unit non
response. Second, the unit may respond to the questionnaire incompletely. Thisis referred to as item
non response.

OVERCOVERAGE

Error due to the units which are included in the sampling frame but do not belong to the target
population. These cases are usually observed for contacted units, but not necessarily for noncontacted
units or those excluded from a sample. Reasons for overcoverage are death of units, misclassification
and a non-updated frame.

QUALITY SURVEY, QUALITY INSPECTION
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Periodically conducted survey especially aimed at updating the register to ensure it is consistent and
accurate at agiven point in time.

RESPONSE RATE

The percentage of an eligible sample for which information is obtained. For an interview survey the
numerator of the formulais the number of interviews. The denominator is the total sample size minus
non-eligible respondents; that is, minus those not meeting the criteria for a potential respondent as
defined for that particular study.

SAMPLING DESIGN

The sample design should provide information on the target and final sample sizes, strata definitions
and the sample selection methodology. It should also include details of changes in methodology and
any impact these changes have on comparability over time.

STUDY POPULATION

Thisisthe actual population at which the survey isaimed, i.e., the set of units from which the survey
sampleis actually selected, and from which estimates for the target population will be derived.

TARGET POPULATION

Thisisthe conceptual population of units at which the survey is aimed and about which information is
wanted. For practical reasons this population of units often cannot be assembled exactly. The target
population will generally be different from the population actually sampled (i.e., the study
population).

UNDERCOVERAGE

A type of non sampling error that results from failure to include in the frame all units belonging to the
defined population. This mainly includes (new) enterprises not included in the frame, either through
real birth or demergers, and to misclassified units.

UNIT NONRESPONSE
See nonresponse error.
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Appendix E: Coding the questions from the business questionnaire

This appendix indicates how the questions from the business questionnaire can be transated into a set
of pre-defined answer categories. For the questions than cannot be coded straightforwardly, one or
more decision rules are given in order to arrive at an answer category. It should be noted that the
criteria used in these decision rules are not to be considered as absolute standards. They are merely
suggestions on our part for what we believe constitute reasonable boundaries for coding the questions.
Furthermore, the answers from completed questionnaires should give an indication as to whether or
not these rules can be sensibly used in practice.

Further note that not al the questions from the questionnaire are coded into pre-defined answer
categories. Some questions are used only for background information on the statistical process. In
case a question is left unanswered or the answer is not clear it is coded as ‘Not known’.

Q6: Is any conformation procedure carried out before potential births of populations units are
recorded on the registelPPocess characteristic: inspection of births.

Confirmation Blank

Not known
procedure ?

Yes m None

Almost al new ’—‘
Yes

entries checked ? Extensive
No | Unclear
‘
Systematic and Limited
No_|

regular checking?

Q7: How long on average is the delay between birth and inclusion of a population unit in the
business registeirocess characteristic: timeliness registration of births.

Less than 8 weeks

Not known
before inclusion ?

Yes

Yes |
Almost no delay

Some delay
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Q8: Indicate what kind of sources are used to update names, addresses, size indicators, classification

codes and the structure of business in the register? Process characteristic: correction for
misclassifications.

3 or more sources used ? Blank Not known
No |
Extensive
Less than 3 sources, but at
least 50% from quality W To some extent

surveys

Q9: Indicate what kind of sources are used to identify ‘dead’ population units in the business register?
Process characteristic: correction for deaths.

4 or more sources used ? Not known

No Y

3 sources, incl. quality

o Extensive

surveys and/or or follow up
No

Quality surveys and follow

. o] To some extent
up, together accounting for

more than 50%

Q10: Indicate how duplicate units in the business register are identifiemt®ss characteristic:
correction for duplicates.

More than 2 methods used ? Blank Not known

&\
No | .
Extensive

50% or more from quality

. N
surveys and/or matching ‘ Un(:I)ear ‘ To some extent
procedures
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Q11: a. If specia quality surveys are carried out to maintain the register, specify the sampling
fraction. Process characteristic: size of quality survey.

Quiality survey? ‘ Blank ‘ Not known

Yes | M\ None

Sampling fraction m
larger than 10% ?

Small sample

Large sample

Q11: b. If specia quality surveys are carried out to maintain the register, specify the frequency with
which these samples are taken. Process characteristic: frequency of quality survey.

Not known Never Once ayear More often

Q12: a. Try to indicate the nature and extent of the frame imperfections in the sampling frame with
respect to undercoverage due to missing categories. Process characteristic: missing categories.

Extent of missing Yes

categorieslessthan 1% ?

No A few

Extent of missing

Unknown .
Blank categories less than 5% ?
A lot

Imperfections

Hardly any

caused by new Yes A few

entriesonly ? Blank
Unknown Not known
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Q12: b. Try to indicate the nature and extent of the frame imperfections in the sampling frame with
respect to undercoverage due to other causes (change of activity, misclassifications). Process
characteristic: other types of undercoverage.

Extent of other types of under ’—‘
Yes Hardly any

coverage less than 1%?

No A few

Y
Unknown Extent of other t =
Blank ent of other types

of undercoverage

less than 5% ? Alot

Imperfections
Y
= A few
caused by change

of activity only ? W‘
Unknown |

Not known

Q12: c. Try to indicate the nature and extent of the frame imperfections in the sampling frame with
respect to overcoverage (dead units, change of activity). Process characteristic: dead or misclassified
units.

Extent of overcoverage less ’—‘
Yes A few

M\ A lot

than 3% ?

Unknown | Blank

Imperfections caused by ’—‘
Yes A few
change of activity only ?

Not known
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Q13: Is any overcoverage of the sampling frame with respect to the target population detected?
Process characteristic: detection of overcoverage.

Information available on No Not known

detection of overcoverage ?

E Moderate
/ AN o
Number of units detected

more than 50%?
Yes

Good

QL17: If applicable, indicate which groups are oversampled. Process characteristic: oversampling for
non response.

Yes No Not known

Q19: Have any of the following methods been used for evaluating the quality of the current
questionnaire, or will they be used for an upcoming redesign? Process characteristic: participation of

respondents.

Are respondents Blank
=P Not known
involved ?
E None
More than 2 methods
et
Extensive
No
No |
Focus groups and/or
iti No To some ext
cognitive methods? ’—‘ 0 some extent




Q20: What kind of support is offered to businesses in completing the questionnaire? Process
characteristic: support in completing questionnaire.

General support (e.g.,
instructions, contact phone Blank Not known
number)

E None

In addition specific support

(e.g. personal contact and/or \
help desk) Extensive

Q23: What kind of data collection method is used? Process characteristic: non response sensitivity of
data collection method.

Use of EDI and/or Blank Not known

secondary sources only?

Slightly
No

i
o

50% or more use of EDI Mail and/or
Yes
and/or secondary sources? telephone used?
Yes
No | Unknown \
Moderately
50% or more collected by
mail and/or telephone?
Highly
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Q24: What kind of follow-up strategy is applied? Indicate the methods that are used and describe
when these methods are used? Process characteristic: intensity follow up procedure.

Isafollow up strategy Blank Not known
applied ?

Yes None
More than two contact

Yes ,

attempts? Extensive

No
Intensive prodedure used ‘ No ‘ Limited

(e.g., field workers)?

Q28: How is unit non response dealt with?
Q41: What kind of estimation technique is used?

Q42: What kind of auxiliary information, if any, is used in the estimation process? Process
characteristic: methods to correct for non response.

Correcting procedure for Blank

Not known
unit non response?

Yes None

| Simultaneous
Correcting by Yes hot deck or No -
. . Simple
imputation ? regression
procedures ? Yes
No | Yes |
Advanced
Correcting by Use of other /;
Yes
weight adjustment? sources ?
ﬁ\ Simple
No

Other way of
& Unclear Not known
correction?




Q29: In case of imputation, is it possible to clearly identify imputed units in the ‘clean’ data file?
Process characteristic: recognizing imputed units.

Yes No Not known

Q30: Is the impact of weight adjustment or imputation on the final estimates evaluated on a regular
basis?Process characteristic: evaluating impact of weight adjustment/imputation on estimates.

Yes No Not known

Q31: Describe the methods of imputation used to replace missing v&liueEsss characteristic:
gualification of imputation method.

Are imputation methods used Not known
- Blank
to replace missing values? \l‘

None

Yes

No Simple

<1

Simultaneous hot deck a

or regression techigues

Advanced

Q32: Is it possible to clearly identify imputed values in the ‘clean’ data Rleseess characteristic:
recognizing imputed items.

Yes No Not known

Q33: Indicate or estimate the percentage fields imputed, for each stratum key variable separately.
Process characteristic: extent of imputations.

Blank Not known

On average, more
than 10% imputed ? Yes

Considerable

Small




Q34: Is the impact of imputation on the fina estimates evaluated on a regular basis? Process
characteristic: evaluating impact of imputations on estimates.

Yes No Not known

Q35: The edit system used can be characterized as follows.

Q38: Describe the methods used to adjust for errors. Process characteristic: qualification of edit
System.

Interactive editing, error Blank
Not known

lists or automatic data
es

Adjustment for -
‘ Yes ‘ Micro

errors on micro

L i

o
No

No |\
Inspection of aggregates Micro +

or top down editing ? Yes aggregated

Q36: What kind of checks are used on individual records beside completeness checks? Process
characteristic: intensity of checks on records.

Individual records Blank Not known

checked?
None

Ve

More than 3 types Yes ;
P Extensive

of checks are used ?\
N
Limited
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Q37: Describe the methods used to identify records requiring manua review. Process
characteristic: detection of records requiring manual review.

Are any methods to detect Blank Not known

outliers?

o None

Yes

Graphical and/or statistical Advanced

detection system?

s

No Simple

Q39: Is it possible to clearly identify adjustments in the ‘clean’ dat& fleocess characteristic:
recognizing edits.

Yes No Not known

Q40: Is the impact of editing on the final estimates evaluated on regular bRSisg@ss
characterigtic: evaluating impact of editing on estimates.

Yes No Not known
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