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Abstract: The general principles for quality definition and guality declaration
al Statistics Sweden are presented. Their development over the last two
decades is discussed in the light of an increasing concern for the users of
statistics. Some background is given to explain how variation in ambitions,
technigues and resources have changed the possibilities to study and measure
quality. For the major quality component accuracy the statements of the
quality level of the subcomponents are presented one by one. We mention
general approaches to promote measurement and presentation of product
quality. Finally we give some examples of products with good quality
declarations.
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The Development of the Quality Concept

The production of high quality statistics has always been a concern at
Statistics Sweden (SCB). Quality, as we see it, is a vector of componens.
Together these components describe the quality but they cannot all be
measured in a quantitative way and therefore they cannot be added to each
other to form a measure of the total quality.

Different sets of principles have been applied for different groups of products.
In 1979 some general principles were formulated for quality definition and
quality declaration at Statistics Sweden. There was a strong recommendation
from the chief statistician that these should be followed by all surveys. At that
time the concept focused on the effects on estimates of those procedures that
influence the mean squared error, i.e., strategy, data collection method, and
measurement, nonresponse, data entry, editing, coding and estimation
models. The general recommendation was supported by more detailed
definitions and recommendations in specific areas. Special decisions were
made regarding mandatory reporting of nonresponse, variance calculations
and questionnaire testing, i.¢., three specific areas. The basic principles were
quite general and should be applied on censuses and sample surveys based on
administrative records or survey data,

But other aspects of quality were not totally forgotten. Also the content of the
survey, the comparability with other surveys and time aspects were included
in the general principles. The main reason why these aspects were less
elaborated upon is obviously that the work with the quality declarations was
led by statisticians while subject matter specialists were less interested in
quality issues at that time. Another reason may be that the production of
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official statistics at that time was highly concentrated to Statistics Sweden.
Most of our statistics were then centrally financed by the government. Other
clients were less important. Ideas on user or customer satisfaction were
virtually non-existent.

Eventually Statistics Sweden has become more and more dependent on the
market. The responsibility for official statistics has been transterred to about
two dozen agencies since 1994 and Statistics Sweden is one of them, albeit
the largest. Now only about half the volume of our work is funded by the
government and the other half by other clients. In most cases we are
competing for the contracts. This has forced us to turn to a broader definition
of quality. highly influenced by ideas from total quality management. Current
important principles are:

(i) The focus is on the user. A product’s quality is determined by the user’s
opinion of the product and its usefulness. The user’s opinion should
direct the approach of the development work.

(ii) Quality encompasses all characteristics of a product (commodity or
service) influencing how well the product satisfies the user’s needs and

expectations.

With this definition quality has a descriptive meaning from the producer’s
point of view. This is why we use the concept content and do not speak
about relevance. The user makes the judgement and decides if the quality of
the product is good or bad in relation to his/her intended use of it. It is
essential for the producer to be aware of the quality judgements of existing
and potential users, since these judgements provide a basis for development
leading to higher quality, which in turn leads to increased user satisfaction.

One consequence of this point of view is that the user have to take more
responsibility for the level of quality and that resources are set aside to reach
it. Before 1994 the producer felt this responsibility and could argue with the
government about the resources needed. The user could expect the producer
to provide good accuracy within the limit of given resources. One can hope
that the new situation will promote more intense discussions.

The development of the present quality concept was preceded by long
discussions within SCB in order to make it both useful and generally
accepted. Quality can be seen as a vector consisting of four main components:
Content, Accuracy, Accessibility, and Timeliness and periodicity, which
are broken down into 23 subcomponents. There was a fairly common
acceptance of the subcomponents per se but opinions varied on the best
grouping into main components. Especially the subcomponents on time and
comparability were under intense discussion. The subcomponents are given
below:
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Content: Timeliness and periodicity:

Statistical entity: Time of reference

¢ Type of unit and population e Length of production time
+ Variables # Punctuality
o Types of statistical measure » Periodicity

= Study domains Comparability over time

Comparability with other statistics

Accuracy: Accessibility:

QOwerall accuracy » Forms of dissemination
Sources of uncertainty: s Presentation

s Coverage ¢ Documentation

e Strategy (sampling and estimation) | e Access to microdata
¢ Measurement o Information services
» Nonresponse
» Processing

» Model assumptions

Presentation of uncertainty measures

All producers of official statistics now have to follow these principles.

It is obvious that the quality information will be different for different
subcomponents. Especially it is difficult to produce information on the
accuracy subcomponents in the way users want. The users want to know the
quality of the product and are less interested in the process le ading to the
product. Still we often have to compromise since process information is what
the producer can offer and also has to offer. The information on accuracy that
is offered can be classified in the following levels:

1. Quantified quality of the product, like evaluation results, vanance
calculations, response variation.

kJ

. Quantified process indicators, like nonresponse and editing rates.

3. Generalized knowledge on error tendencies from “comparable”™ surveys.
4. Process descriptions like coding or editing rules.
3

. Common sense conclusions/Vague knowledge - for example about the
presence of a black market economy, car accidents not accounted for, etc.

6. No knowledge whatsoever of the quality.

Other than saying that level 1 is what everyone should strive for and level 6 is
unacceptable, there is no absolute ordering between the other levels. In
practise we get more information about the process quality that is useful

133




mainly for the producer than we get information about the product quality
needed by the user. The computerization of survey processes will easily
provide us with more and more process information. This is much cheaper
and easier to come by compared to information on product quality.

The widening of the quality concept mirrors how the users are given more
and more influence on official statistics in Sweden and, as a consequence,
how "new” guality components increase in importance. Accessibility is a
component of great importance for many users. They tend to prefer to
produce their own statistics and ask mainly for edited files or easily
accessible data in databases. The pressure on fast production is also growing
and so is the demand for decreased costs. Demand for a high-level quality
regarding one component is often in conflict with the possibility to maintain
quality regarding other components. The demand for fast production will
make it harder to obtain an acceptable response rate.

One important issue is how to use of the quality declaration. Statistics
Sweden is no longer the only producer of official statistics from the collected
data and is consequently no longer in a position to advise on its use. A quality
declaration cannot be written to suit all situations since data files and
statistics will be disseminated in many ways and also further processed by
different users. We have to provide the potential users with information that
makes it possible for them to derive the quality of their own statistical
products. It must also be made obvious that it is their responsibility to declare
the quality of their products.

In the near future we anticipate an increasing demand for statistics to be
standardized in order to make comparisons and mergings with other statistics
possible, especially with those produced by international organizations.
International comparability may for example be in conflict with the "the most
relevant” content in a survey or in a country.

Organizational and Business Aspects

Statistics Sweden has become a hybrid. We are an agency responsible for our
share of statistics funded by government together with half a dozen other
agencies with identical responsibilities. Most of the surveys that Statistics
Sweden is responsible for concern areas where there is no obvious subject
matter agency. One example is the national accounts, another is the labour
force survey. An example of a responsibility shift is the following: the
responsibility for environment statistics has been transferred to our agency for
environmental protection. The shift in responsibility means that the agency
gets the funding for statistics production and can do the work itself, or let an
outside firm do it. Statistics Sweden could be vne uf those firms.

Thus Statistics Sweden is also a statistical firm. Most of the production work
has so far gone back to our agency following extensive negotiations regarding
cost and quality. But we are in a very competitive environment. It is very
tempting for all these agencies to try to do some work themselves or perhaps
let several firms, including Statistics Sweden, do different parts of the work.
On top of this Statistics Sweden shall oversee this new system. Basically, one
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specific department at Statistics Sweden, R&D, where the authors work, has
this task. We are supposed to report to government via our Director General
how all the agencies, including our own, perform. We are also responsible for
general methodological development that should benefit the entire Swedish
statistical system. This also means that we should train and consult with these
other agencies, as we always have done within our own agency.

The organizational structure and the different roles of Statistics Sweden
might seem very complicated. To some extent that is true but so far the
transition has been really smooth. We can notice an increased interest in
official statistics among agencies and we can definitely notice an increased
interest in quality and methodology. which must be good for the status of
statistics in Sweden.

So how does all this reflect on product quality? We do not know yet. There is
little money for evaluations and methodological studies. We believe that
product quality must be achieved through improved and stable processes. As
has been pointed out there is no shortage of process data and the collection of
such data and trying to develop standardized procedures will help improve
quality. Insofar these other agencies choose to let Statistics Sweden do the
production work this approach is valid also for them. If they work on their
own it is our job to see 1o it that the products are up to par when it comes to
quality declarations, publishing, and proper use of accepted methodology.
But we are in no position to tell them how to do things.

The Development of Quality Assurance - Variation in
Resources

The view on how to tackle quality problems has varied at Statistics Sweden
during the last decades, due to variation in financial and methodological
resources. In the beginning of the period finances were in good shape and a
number of evaluation studies took place. For a number of years, special funds
were available for quality studies. There were both smaller studies shedding
light on specific error sources in specific surveys, and larger ones, most
notably the evaluations of the population censuses. These studies led to
improvements in the methodology used but rarely to profound process
improvements. The improvements had a tendency to stay within the surveys
evaluated. For instance, evaluations of the coding process in the censuses led
first to the use of independent verification and then to automated coding but
very little of these achievements spilled over to other surveys.

Then there was a period of redesign of surveys. Typically, a group of
methodologists studied the design and came up with quite remarkable
suggestions on how to change the design so that 1t became more efficient. In
some cases the improvements led to significant reductions in sample size
with reductions in costs and respondent burden as consequences. This
approach was very demanding, since each attempt drew a lot of
methodological resources. Perhaps it was possible to conduct one or two such
efforts per year and knowing that the number of surveys is around 100, 1t 1s
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easy to see that the approach does not seem too efficient. It was basically
abandoned since it exhausted the methodological staff.

There was a feeling that procedures that were common to many surveys, like
questionnaire development, coding, editing, nonresponse reduction and
adjustment, estimation, and analysis should be done similarly across the
organization, Therefore a lot of current best practices were developed during
the 80s, most notably in the areas of questionnaire development, editing,
automated coding, nonresponse, and estimation, These practices, however,
had difficulties becoming known across the organization. Partly this state of
affairs was due to a lack of financial pressure and a lack of competition.
Meanwhile, of course, a lot of developments and improvements took place
within the individual surveys but the common slogan that visualizing good
examples would do the trick simply was not true. There was no systematic
benchmarking within our organization.

During this period two general measures were developed to keep track of
quality: the nonresponse barometer and the yearly quality report based on
self-evaluations performed by the survey managers. Both of these efforts are
described below.

Statistics Sweden bought into the total quality management concept in 1993.
The reason was that our position had become more vulnerable in connection
with the creation of the new statistical system. The customer became more
visible and we realized that improvements must involve those who work on
the processes. All of a sudden Statistics Sweden had to compete for work
which called for some changes. One such change is to create current best
methods of the kind just mentioned but in such a way that these methods are
readily accepted by those involved in everyday survey work. There is a great
need for such standardizations since, if they are applied consistently across
the organization, they will reduce varation and save resources. Currently two
such standardization projects are underway, one on nonresponse reduction
and one on editing. Next year two new ones will start. one on questionnaire
development and one on time series analysis. The project groups are sei up
such that implementation becomes more or less "automatic.” Implementation
will be assured through management follow-up and the fact that process
owners have participated in the development.

Also, we are developing a system for quality assurance based on process
thinking. Product quality is generated through process guality by means of
checklists. For a number of survey operations, there are checklists that each
survey manager should use to make sure that all process steps have been
taken,

We are fairly convinced that there will be little room for large quality studies
in the future. We believe that the route to take is working on processes,
standardize them, measure key process variables on a continuing basis and

use checklists to assure product quality.
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The Accuracy Components

In many surveys at Statistics Sweden the presentation of accuracy can be
made in a rather standardized way. This is due to the existence of a number of
administrative registers which have been transformed to sampling frames.
Whether we make a complete enumeration or a sample survey by using these
registers as sampling frames, they give us possibilities and set limits to what
we can do.

In the following paragraphs we present the subcomponents of the major
quality component Accuracy.

Overall accuracy

The final goal for the quality declaration is to present the overall accuracy.
This is. however, seldom accomplished. The existence of frames makes it
almost always possible to check that estimates from the survey agree with
known parameters computed from the register, though.

Some surveys present overviews of their current knowledge of errors
referring to a series of experiments, observations and analysis.

Coverage

Most surveys can easily express coverage rates in relation to the sampling
frame when there are sampling units like individuals, organizations, farms,
enterprises, etc. From contacts with the authorities producing administrative
records and from experiences of earlier surveys one often has a very good
understanding of the number of units that has not been included in the frame
and those who have not been excluded in time. Typically there are only a few
percent over- and undercoverage in the surveys conducted by Statistics
Sweden.

For some surveys the demand for very quick presentation is strong.
Sometimes preliminary results have to be published before all the data have
been collected. If this is to be classified as undercoverage or nonresponse
error depends on the ™ time cut-off” rules.

A more important problem often appears when the units are events like road
accidents, crimes and some types of economic activities. Nonobservation or
underreporting results in some estimates being much too low. It 1s very rare

that we have a good knowledge of the size of this error.

Strategy

The concept strategy includes sampling plan, sample size and estimation plan.
Most surveys at Statistics Sweden use some stratification by register
variables. The sample is usually simple random or systematic within each
stratum. The sample is more often than not allocated to promote good qu ality
in study domains. Allocation to reach best possible precision in population
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estimates is rare. The chief statistician has declared that the calculation of
precision must not be neglected in any sample survey.

Formulas for estimation and variance estimation are usually straightforward.
Some surveys have found it useful to develop generalized variance functions
to reduce the amount of calculation.

At Statistics Sweden several computer programs for the estimation in sample
surveys have been developed. One of the recent programs, CLAN, is designed
to estimate several differcnt rational functions fit) of different totals, t, (for
instance means, ratios, ratios of ratios, etc.) and their standard errors in the
same run. Since CLAN was written in the SAS macro language it works on
PCs as well as on mainframe compuiers.

A large number of estimators, including the use of auxiliary information and
calibration can be handled. The user may combine the choice of estimators
with the specification of complex sets of domains in a very flexible manner.

So far four strategies have been implemented in CLAN. The strategies imply
stratification of elements and clusters and the sample selection with
SRSWOR. The majority of surveys conducted at Statistics Sweden, including
a number of surveys that use pps-sampling, various types of network
sampling and two-phase sampling schemes for stratification, can in different
ways be brought back to these four strategies.

Measurement and data collection

Usually only process information or vague knowledge is available.
Sometimes the producer will mention variables that are hard to measure,
sometimes statements about the direction and size of the bias are made. A
low occurrence of ilem nonresponse or absence of complaints by respondents
(or the opposite) is sometimes mentioned as an indication of good
measurement quality. Comparisons with other statistics are used as indicators
of reasonable results. A number of surveys have conducted reinterview
studies or other evaluations of their questionnaires.

A growing number of surveys have had their questionnaire pretested - usually
by the Measurement, Evaluation and Development Laboratory (ML) of
Statistics Sweden. Even if we can be rather confident that pretesting means an
improvement of the questionnaire it is not designed to measure errors.

Processing

The data collection process may cause problems of different kinds. For
instance, when data are collected from different administrative registers, these
data are not always very well adapted to the needs we have. Actions have Lo
be taken in order to edit and control the data.

Traditional data entry is becoming less frequent at Statistics Sweden
depending on the use of computerized collection techniques, CAPL, CATIL,
TDE, etc. and scanning of questionnaires.

Automated coding of occupation and education is done on a regular basis.
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Each moment in the data processing should have some effect on the final
quality of both the micro data and the estimates computed from these data.

Nonresponse

A great effort has been made to develop and standardize the presentation of
nonresponse rates. Since 1985 there is an overview, "The Nonresponse
Barometer” that presents time series on response rates in all sample surveys
and some censuses at Statistics Sweden. At first only a few important surveys
on individuals and households were included and their rates had to be
accepted without standardization. The reports covering the last few years
include almost all surveys. The main features of their sampling and data
collection plans are mentioned. Design changes that may have an influence
on the response rate are mentioned.

Model assumptions

Statistical results sometimes rely on complex calculation schemes. These
schemes may presume a model relationship among the input statistics if the
calculated results are to be valid. This 15 the case for a lot of statistics on the
environment and on the public economy. Errors in the model specifications
may generate important errors. The models must be explained and robustness
to specification errors explained.

Presentation of uncertainty measures.

Uncertainty of statistical estimates must be reported for all Swedish official
statistics according to a set of recommendations by Statistics Sweden.

Evaluations

The results of censuses and sample surveys suffer from a number of errors.
Editing, control of coding, etc, reduce the errors but cannot eliminate them. It
is important that users of statistics have a possibility to judge how statistics
can be used and what conclusions can be drawn from the published
information. Alse the producer should have an interest in knowing the actual
quality of the published figures.

One possible way to get knowledge of the sizes of the errors in the final
estimates is to carry out evaluation studies, These studies arc not carried oul
on a regular basis and not in every statistical product at Statistics Sweden.
The reason is of course limited financial and human resources as previously
mentioned. An evaluation study is often considered complicated and it is
often thought that available resources can be of better use in the main survey.
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However, evaluation studies are carried out in the most important surveys and
censuses as part of the quality control and as a basis for development of
improved methods of data collection, editing, coding, etc.

Traditionally, evaluation studies at Statistics Sweden have been mostly
producer- oriented rather than user- oriented and it is the major component
accuracy and its subcomponent measurement that have been of interest.
Perhaps this is natural since, in general, gualified statisticians have been
responsible for these studies.

Random and systematic errors can occur both in estimated parameters and 1n
the measurement of variable values. Systematic errors in variable values
might eliminate each other when aggregated (if you are fortunate) and make
the net bias in the estimates due to measurement error small, while the
random part of measurement errors in general will increase the random errors
in the estimates.

Often not only the net effect of the systematic errors are of interest, but also
the gross effect. The reason for this is that in a survey. as well as In a census,
the collected data are to be used not only to estimate the parameters that have
been studied in the evaluation study but also to estimate other parameters that
perhaps no one thought of at the time of the evaluation, for example estimates
in totally different domains of study. Another reason is that the results from a
census is usually used as a sampling frame where the variables are used to
define different strata. Serious crrors in the stratification might then ruin a
sample survey. Further, when independent researchers outside Statistics
Sweden use the data for different kinds of analysis, often by sophisticated
methods. the researcher has to know the quality of the data he/she is using in
order to draw valid conclusions.

Evalnation of the component accuracy is usually concentrated on the size of
errors in the statistical estimates, for instance in estimated totals, ratios or
mean values. In cases where the aim of the studies is to measure the
systematic error in different estimates, evaluations can be conducted in
different ways depending on level of ambition and available resources.

Crude measures and indicators of systematic errors can be obtained by
comparisons between estimates from different surveys where related
paramelers are estimated, or by the study of correlated background variables
whose values are known for the whole population. These types of
measurements can often be made without further data collection but they give
limited information about the measurement process.

Only in exccptional cases can good estimates of measnrement errors be
obtained without collecting additional data about the units in the main survey.
If the aim of the study is to measure the reliability, you "only™ need to repeat
the main measurement process under conditions that are as identical as
possible with the main survey. Such evaluation studies have been conducted
rather frequently at Statistics Sweden. They are not to expensive and usually
they give valuable information to the producer of the statistics. The results are
seldom disseminated outside the agency but rather published in internal
Mmemaos.
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When you want to know something about the bias in published estimates, you
need data with "true” values for at least a subsample of the units. The word
“true” is used in an operational way here (in some cases there might not even
be a true value). In practice it means that we are using a measurement process
that is considered significantly better than the ordinary one.

*True" values are most often determined by matching and reconciliation. The
statements given in the main survey are compared with the corresponding
statements given in the subsample, where the questions or the wording of the
questions need not be identical. If there is no discrepancy between the
statements they are considered true. In other cases the respondent is asked to
confirm the "truc” statement, (the original, the new, or perhaps a third one).

This technique is rather expensive and is mainly used to evaluate the large
registers and censuses.

Some discussions have concerned how to present the result from the
evaluations. Let 8 be the estimate of a parameter based on the units in the

evaluation sample and on the ordinary statements and let f be the estimate of
the same parameter based on the “true” measurements in the evaluation

sample. Sometimes (1), 100x (é —8)/ B and sometimes (2),
100 (E —é} /6 . are used as measurement of relative bias. In (1) the

deviation is shown as % of "true” (unbiased) value, while (2) shows the
deviation as % of the "official” estimate. Of course you can always get (1)
from (2) and vice versa but (1) is the producer’'s measurement as it tells the
producer the deviation from the goal while (2) tells the user something about
the error in the published figures. Measurement (1) was for example used in
the evaluation of the Register of Employment while (2) has been used in the
evaluations of the population censuses.

An example: The evaluation of the 1990 Census of Population and
Housing

The evaluation program contained the following studies:
Evaluation of

» household data for dwelling households

» housing data for occupied dwellings

e employment data

» education data

The evaluation covered about 17 000 units which were sampled from persons
in Sweden who were in the ages of 16 to 74 years and registered in Sweden
on the 1st of November, 1990,

"True” values were determined by matching and reconciliation in the same
way as described above. The statements given in the census were compered
with corresponding statements given in the Labour Force Survey of
November 1990. For about 16% of the units no "true” value could be
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determined depending partly on missing values in one or both of the two and
partly on discrepancies that could not be reconciliated.

The results from the evaluation study are published in the official statistical
series. Both net errors and gross errors are estimated. Estimates are given for
many different combinations of sex, age, region, type of dwelling, type of
household, etc.

The Nonresponse Barometer

Since 1985 a vearly report on the nonresponse in SOme surveys at Statistics
Sweden has been published. The aim of the report is,

e to show the amount of nonresponse in a number of surveys at Statistics
Sweden,

e to give a picture of the “response climate™ (i.e., do individuals, businesses,
and other institutions become more or less willing to answer survey
questions?},

10 be one (of several) instruments to compare different statistical products
over time.

The aim of the barometer is not to describe the guality component named
nonresponse, but rather to give a description of the size of the nonresponse
for different surveys and over time. The effects of the nonresponse, for
example nonresponse bias, are not handled here. An estimate of these effects
is given in the yearly quality survey "The Quality Report” described below.

Only unit nonresponse is treated. Item nonresponsc, that i5 where a unit has
participated in the survey but has not given answers to every question, is not.

Measurement of the nonresponse rates are given both as weighted and
unweighted figures. Weighting is done in many different ways depending on
which measure that is considered best adapted to its purpose. In surveys
related to businesses, the estimated number of employees or the turn-around
(according to the information in the register) in the nonresponse businesses is
used as well as the estimated number of nonresponse businesses in the
population. When the units are individuals the weighting means that the
estimated number of nonrespondents in the population is used.

The total nonresponse is classified according to cause (refusals, no contact
and other), where this is possible (mostly in surveys of individuals).

The response climate is measured by asking the person responsible for the
survey to give an estimate of the changes in response climate from last vear
and the change from five years ago. Four alternatives are possible: " Berter,
Neither better nor worse, Worse, No opinionfirrelevant.”

Another measure of the response climate is obtained by asking the
interviewers’ supervisors about their opinions. Then we get more

information and it is also possible to say something about regional
differences.
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Until now the presentations of the results have been made by the different
departments at Statistics Sweden. In the future the presentation of the
nonresponse results will probably be more difficult de pending on the new
distribution of the responsibility for official statistics.

The Quality Report

The Quality Report is produced in order to provide a basis for an analysis of
the development of the quality in the statistical products at Statistics Sweden.
The report has been published yearly since 1988,

A questionnaire is administrated to every person responsible for a statistical
product at Statistics Sweden. The questionnaire consists of three parts. In part
. the respondent is asked to state general external factors of importance for
the quality changes of his/her product, also the measures (1f any) carried out
io handle them are to be reported. In part 2 the respondent is asked to give
estimates of how the quality level of their product has changed since last year.
Estimates are to be given for each of the 23 quality components described
above. Changes are measured by a five degree scale, "much worse,” “slightly
worse.” "unchanged.” “slightly better,” and "much better,” or "not
relevant.” In part 3 the respondent is asked to report remaining quality
problems that are judged to be of special importance. Also planned
improvements of importance for the quality shall be reported.

The questionnaire is sometimes filled in by a team, involving several persons
working with the product. The questionnaire is examined and approved by the
respondent’s manager. In each department the responsible statistician
examines all the questionnaires, make necessary completions and the data
processing.

The respondents are instructed to fill in the form with the intended user’s
perspective in mind but it is important to note that the users normally have no
possibility to share their opinions since they are not explicitly ask to do so.

The measurement process should be continually improved. Especially in part
2 there are currently substantial possibilities for subjective judgement when a
change is reported. However, in order to improve the quality of the
responses, the respondent is asked to give a motivation and a comment
whenever a change is reported.

Needless to say, generally the alternative “unchanged” dominates the
statements in part 2, (70%-90%). When a change is reported the alternatives
“slightly betier” and “much better” dominate. Future plans include a redesign
of the entire process.
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Endnote

A number of factors affect quality and the possibilities to declare quality.
Cuts in funding generally means that there is less room for nonresponse
follow-up. Money is also the reason why there are fewer evaluation studies
these days. Demands for faster production also contributes to less time for
nonresponse follow-up but also to less planning time in general. The new
technology means that it is easier Lo measure process variables which to some
degree can compensate [or the problems mentioned.

A continuing quality problem is that so much of statistics are based on the use
of administrative registers. Normally the producer of statistics has very little
influence on the collection of such data and normally does not know much
about coverage and measurement error problems unless special studies can be
designed.

International organizations get more and more influence on contents and
methods. It is more and more common that specific surveys deliver to
systems of different kinds, like index systems or accounts systems. Concepts
such as comparability, additivity, and completeness might get new meanings
and country comparisons, for instance, might take precedence before local
needs. Thus, international cooperation seems necessary.
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Data Quality at the Energy Information Administration: The Quest for a Summary Measure

Renee Miller
Energy Information Administration

At one point not too long ago, I found mysell in a conversation with a rclative who, like many
taxpayers, was not convinced he was always getting his money's worth. He was familiar with the
Energy Information Administration's (EIA) data and said that the data were useful. I thought I was
off the hook, but then he said something like, "How do you know if the data are any good? Do you
have some kind of a measure”"

Skeptical relatives have not been our only questioners. "How do we know if the data are any good”
is a question with which we at EIA have been grappling for years. It recently emerged during our
Business Re-engineering efforts. The Business Re-engineering team' was chartered to rethink three
core business processes: data operations, data integration, and product preparation and
dissemination.

At several points the team discussed making EIA data more timely to better meet the needs of our
customers, During these discussions someone would raise the concern about balancing umeliness
and quality. We thought a summary measure of data quality would he helpful in this sitnation and
we discussed what that measure might be. The discussion of a summary measure of data quality led
to thinking about how information on data quality is presented to the public. The issues of how we
ensure data quality, whether there is a summary measure of data quality, and how we report
information on data quality to the public are intertwined.

This paper begins with a few words about E1A, then discusses our aliciupls L0 measure data quality.
It continues with a discussion of additional activities to ensure data quality. It then presents a
proposal for a summary measure of data quality and goes on to describe some recent developments.
The paper ends with some thoughts on where we go from here.

EIA in a Mutshell

EIA is almost twenty years old. Congress established the agency in 1977 to be an independent
source of energy information. It combined data gathering functions formerly performed by the
Burean of Mines, the Federal Energy Administration, and the Federal Power Commission. Besides
combining data gathering functions, the new agency was also a combination of people. Some came
from the three predecessor agencics. Some of us are from other statistical agencies such as the
Bureau of the Census, Bureau of Labor Statstics and National Center for Health Statistics. Others
came from academia and many other places.

Members of the Business Re-engineering Team included: Project Director, Chuck Heath; Core group
members: Ray Boyer, Clyde Boykins, Ann Ducca, Sue Harris, Mike Lehr, Dorine Andrews, and Lon Gillespie:
Champions: Chuck Allen, George Baker, Noel Balthasar, Yvomne Bishop, Ken Brown, Bill Dorsey, Lamar Gowland,
Mike Lehr, Nancy Leach, Bob Manicke, Renee Miller, Ken Vagts, Howard Walton, and John Weiner.
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The activities described in this paper reflect traditions carried over from many of these agencies,
plus new ones that we developed as we strive to become "team EIA."

There will be references to EIA's re-engineering efforts. These efforts stemmed from the realization
that with declining budget and staff levels EIA could not improve (or even maintain) its level of
customer service by doing “business as usual.” In August of 1995 EIA’s Quality Council chartered
a team, and in April of 1996 the team delivered a blueprint for a re-engineered EIA. We are in the
process of implementing parts of the blueprint.

Attempts to Measure Data Quality

During the development of the Business Re-engineering blueprint, the team developed measures for
various processes. The idea was that instead of having a long line of staff checking and rechecking
work, we would have measures that would indicate whether the processes were functioning
effectively. One measure that eluded us, but that we kept coming back to, was a summary measure
of data quality. In searching for a measure, we reviewed some approaches tried or suggested

previously.

These approaches included validation studies, data comparisons, supply/disposition balances, and
elements of data quality. Revision error, response rates and sampling error were also revisited as
described below,

dation Studi

In its early days, EIA conducted validation studies. Reflecting their extensiveness, they were called
"cradle to grave’ examinations of the data. They included a search for deficiencies in the universe
list, an audit of company records 1o determine if they corresponded to what was reported, a check
for transcription errors by comparing hardcopy 1o the automated data file, and many other activities.
Reference [1] provides an example of a study pertaining to data collections on coal production.

As a result there was some information pertaining to each source of nonsampling error (coverage,
measurement, nonresponse, and processing). Sometimes the information was quantitative. What
was lacking was a way of adding it all up to get total survey error, because sometimes the errors
were offsetting.

Overall, the studies were not popular with either the survey respondents or with the survey

managers. Furthermore, they were expensive. They were stopped when our budget was reduced
in the early 1980's.

Data Comparisons
EIA staff also compared the data series of interest called the reference series with other data
collected by EIA or other organizations. In the early days comparative sources were plentiful. At

the aggregate level, we computed each comparative series as a percentage of the reference series.

An early study focussed on the data on imports of crude oil. There were three comparative series
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with data for three years, which we considered as nine independent estimates. We had nine ratios
of the comparative series to the reference series and computed the mean, the standard deviation of
the mean and a 95 percent confidence interval. The 95 percent confidence interval was 99.2 - 100.8
for imports of crude oil based on data for 1977, 1978 and 1979. We then concluded that the EIA
reference estimate was accurate to within 1 percent’.

As might be expected, these cstimates of accuracy were not well received. Sometimes the
comparative estimates had well-known problems. There was often no indication that they had been
validated and most of the time there was no documentation on how the comparative series were
obtained. Although we continue 1o perform comparisons and present the results to the public, we
stopped coming to conclusions about data quality based on them.

In the eighties, we presented the results of data comparisons in a series of reports that became
known as the "State-of-the-Data" reports [2]. Staff in the Office of Statistical Standards prepared
these reports with input from survey staff. These comparisons were performed at the respondent
level as well as at the aggregate level.

Currently survey staff members prepare annual feature articles comparing EIA data with other
sources. The articles appear in EIA's Petroleun Supply Monthly and Petroleum Marketing Monthly,
which have a wider distribution than the earlier "State-of-the-Data" reports. Examples of
comparisons the user can find in these reports include data on imports of crude oil and petroleum
products from EIA and the Bureau of the Census and prices of peroleum products from E1A and
the Bureau of Labor Statistics.

These articles provide a vehicle to let users know that some observed differences in the data series
stem from the different definitions or universes used in the data collections. In addition to the
feature articles, results of comparisons have been presented at conferences such as the annual
meetings of the American Statistical Association and Washington Statistical Society meetings.
Some EIA programs, such as end-use consumption and electric power, routingly include
comparisons in Appendices to their data publications [3, 4, 5, and 6].

Comparisons often raise more questions than they resolve. While it is comforting when data
collected from different sources correspond well, there is still the possibility that they are not
correct. Comparisons have been most useful when data are collected from the same respondents and
we can match records. In these situations we can identify the individual respondents with differing
responses and follow up to find out why. We have gained information about how respondenis are
interpreting our definitions and instructions through these follow-ups.

Supolv/Disposition Bal

In addition to data comparisons, ELA staff members look for symptoms of problems in the published
data by examining supply/disposition balances. The expectation is that supply should equal
disposition. Both components, in turn, consist of several parts. Production, imports, and

? An Assessment of the Accuracy of Principal Data Series of the Energy Information Administration,
DOE/EIA-0292, June 1981, page 23.
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withdrawals from storage make up supply. Consumption, exports, and additions to storage make
up disposition. Because we obtain the data that comprise the supply/disposidon figures from
different surveys, a balancing item is needed for supply to equal disposition.

EIA staff members have been using the balancing item as a warning signal. If, for example, the
balancing item increased sharply from one year to the next, it could be an indication of errors in one
or more of the components. A small balancing item, however, does not conclusively show that all
the figures are of good quality. There could be offsetting problems; ¢.g.. production, a component
of supply, could be overstated and imports, another component of supply, understated. Therefore,
it is difficult to use the balancing ivem as a measure of data quality.

While looking for symptoms of problems in the data through comparisons and balances is likely to
identify major problem areas, it does not give us a systematic way of quantifying errors in the
published data.

Elements of Quality

In August 1991, then EIA Administrator, Dr. Calvin Kent took a different approach to assessing
data quality. In a presentation a1 the annual meeting of the American Statistical Association entitled,
"Quality of Energy Data,” he discussed four elements of quality: timeliness, consistency,
continuity, and customer satisfaction. In the past few years we have made progress in measuring
two of the elements: timeliness and customer satisfaction.

We measured timeliness as the number of days between the last day of the reference period and the
"released for printing date” shown inside the front cover of the publication [7]. We have compiled
data on timeliness for annual publications for the years 1990 through 1994 and for monthly and
quarterly publications for 1993 to 1995, In the future we will use the date the publication returns
from the printer to better reflect the date the customer receives it.

To measure customer satisfaction, for the past two years we have been surveying EIA’s telephone
customers. In February of 1996, EIA volunteers surveyed 264 telephone customers. The volunteers
asked customers about their satisfaction in two broad areas: customer service and information
quality. The first area included: ease of access, courtesy, familiarity with the information,
understanding the customer request, and promptness in responding. The second area included:
availability, relevance, accuracy, comprehensiveness, and timeliness.

About 73 percent of the respondents said they were either satisfied or very satisfied with the
timeliness of the information. By contrast, 90 percent of respondents said they were satisfied or
very satisfied with the accuracy of EIA data. Several interviewers noted, however, that a few
respondents said they had no way of knowing whether the data were accurate or not. These
respondents, nevertheless gave us a high rating because they said they had no reason to believe the
data were not accurate.

With respect to timeliness, during 1995 there were widespread efforts to make data available earlier

through electronic dissemination. However, in 1996 EIA received about the same overall rating on
timeliness as in 1995, We think that one reason that the ratings did not change was that the
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customer survey was conducted with telephone customers, a group that may not be fully aware of
the electronic data.

EIA does not have measures for the two remaining elements; consistency and continuity. By
consistency we meant--how do EIA data compare with other similar series and are our data
internally consistent? (An example of a data inconsistency would be more domestic electricity sold
than generated). For continuity our questions were: Do we measure the same thing over time? How
does EIA handle revisions to the data? How does EIA handle breaks in its time series resulting from
industry changes and modifications to our survey forms?

The four measures, in contrast to the work performed in the validation studies, do not attempt to
measure total survey error. Rather, they are related to the fitness for use of our statistical products.

Revision error, the difference between preliminary and final estimates, has been suggested as a
measure of data quality. This measure has been criticized, however, because it does not address
the issue of the quality of the final estimates. In addition, suppose there are no revisions. Does that
mean there is no error?

Nevertheless, we have found the computation of revision error tn he useful in improving our
preliminary estimates. We present information on revision €rror to the public in annual feature
articles 1o EIA's Petroleum Supply Monthly and Natural Gas Monthly. Other program areas, such
as electric power and petroleum marketing, include the information in appendices to their
publications [6, 8]. We show the preliminary estimate, the final estimate, and the percent
difference. In the feature articles, we provide explanations of the differences, if available.

In addition, we have been tracking revision error as part of our organizational performance
measurement system. EIA developed the system while participating as a pilot project under the
Government Performance and Results Act of 1993 [7].

We also compute and publish information on response rates and sampling error, generally in the
explanatory notes section of our publications. While these are important measures, they do not tell
the whole story with respect to data quality.

Other Activities to Ensure Quality

Besides the activities just described, there are other activities performed throughout the agency 10
ensure the quality of the data. While we have found these activities useful, we also found that they
did not lend themselves (o measuring data quality. The activities include editing of the data and the
development of statistical standards. In addition, we conducted audits to check compliance with
standards. Furthermore, we have performed site visits with selected respondents. This section
summarizes these activities.
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Edits

Prior to publication, survey staff members edit the data using consistency checks, comparisons with
previous reported values, and other more complex methods [9, 10]. They follow up by phone with
respondents who have reported seemingly anomalous values. Because of the wealth of historical
data for the weekly and monthly surveys, time series methods have been used to predict the current
valuc and to construct tolerance limits for the new data. Examples of these methods are featured
in Statistical Policy Working Paper 18, "Data Editing in Federal Statistical Agencies” [11].

Edits tell us abourt the quality of the reported data w some extent. We have found, however, that
there are errors that edits cannot detect such as a respondent consistently reporting residential
deliveries as commercial deliveries. Therefore, we have not been able to translate information from
edits to a measure of quality for the published data.

Standards and Audits

EIA has developed a manual that contains copies of the agency's statistical standards [12]. In the
foreword to the manual, we state that standards "help ensure data quality, remove ambiguities, avoid
duplication of effort, and improve responsiveness to our data users.” The standards cover both data
collection and processing, and data presentation.

Using an analogy from the health area, standards are much like the advice to maintain a low-fat diet
and to exercise regularly. While a low-fat diet and exercise purport to contribute to our long-term
well-being, they do not ensure that we are disease free on a daily basis. There is a similar situation
for statistical standards which is why adherence to standards has not been accepted as a measure of
data quality.

As noted in the paper, "Quality in Federal Surveys: Do Standards Really Matter?" [13], the
relationship between standards and data quality is tenuous. Nevertheless the paper notes that
standards were helpful in establishing the credibility of EIA data, along with rigorous programs of
enforcement, evaluation, and education.

EIA has conducted audits as part of its enforcement program. The initial round was broad in scope
and mainly concentrated on standards and documentation review along with data processing issues.
These audits checked each system for compliance with each standard [ 14].

The next round focussed on the quality control activities to determine whether they were adequate
to control nonsampling error [15]. For each source of nonsampling error, we developed checklists
of activities that could control these errors. The EIA standards manual and Statistical Policy
Working Paper 15, "Quality in Establishment Surveys” [16] were used to develop the checklists.
In addition, results of data evaluations were used to determine whether any identified anomalies
resulted from a failure in a quality control procedure.
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Site Visi

In the early 1990's, we started a program of site visits. During the visits we spoke to respondents
about how they are interpreting selected items on the forms. In addition, we asked whether their
records correspond with the items we are requesting. Unlike the validation studies of prior years
we have not asked respondents to produce records for verification. We visited about a dozen
respondents, covering coal and natural gas production, consumption and distribution data. While
we have obtained useful data from these visits, the sample size has been too small to draw
inferences. Furthermore, we did not ask all respondents the same questions.

Proposal Developed During Business Re-engineering to Measure Data Quality

During our re-engineering efforts the issue of a summary measure of data quality arose several
times. And several times we concluded it could not be done. With the activities previously
described as background, following is a rating scheme we tried to develop.”

The Business Re-engineering team ultimately decided it would not be workable because it would
require much time and judgement. It is being presented because we learned something from the
experience. The team was a diverse group consisting of managers, statisticians, analysts, computer

specialists and interdisciplinary staff. We all had different reference points. The atiempt to develop
a summary measure proved helpful in making us all realize what was involved.

Di ; : Aokl
We began by listing some of the dimensions of data quality:
. sampling error

. measurement error (the difference between the value collected during the survey and
the true value. Tt includes both reporting error and specification error}

. coverage
. nonresponse
. methodological consistency (this is the same as "continuity” in Dr. Kent's scheme

described earlier. It pertains to hreaks in the data series and whether the changes and
their impact on the data are documented)

These dimensions differ in the ease with which we can quantify them. Sampling error, on the one
hand, can be computed directly from the survey data. Methodological consistency, on the other
hand, cannot be directly computed. Ideally a series should be stable over time; i.¢., not have any

*Dwight French, Office of Energy Markets and End Use, participated as suhject matter expert in the re-
engineering effort and worked with this author on the rating scheme for data quality.
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breaks. Sometimes due to changes in the industry, it is inevitable that a data collection is modified.
Does that series get penalized for having breaks?

Some other dimensions sound like they should be easily quantfied, such as measurement error. ELA
does not have information for each survey on an ongoing basis. This is the type of information that
we obtained from the validation studies which have been discontinued.

Since we had some information for each survey, we thought we could gather it together. We would
then rate each survey on each dimension using a 1 to 5 scale (where 5 is very satisfactory and 1 is
very unsatisfactory). We would have 2 scales: level of knowledge about the category and level of
quality. In this way we would obtain information on how much we know about data quality as well
as information about the quality of the data.

Using nonresponse as an example, a survey might get a score of 5 on knowledge if documentation
was available on the response rate, on our follow-up and imputation procedures, and key
information was presented in the publications. A survey might get a 5 on the quality scale for
nonresponse if the response rate was 98 percent in terms of both number of respondents and
volumes reported.

We would then combine component scores into an overall score for a survey, program, or EIA as
a whole. To ensure consistency we started to develop guidelines on what represents a "5" versus
a "4" and so on. It got very complicated quickly. Furthermore, for measurement error and
methodological consistency, we found it difficult to develop "quality" measures; therefore, we only
had "knowledge" measures.

Piuaived Cinmslicis

Because of the perceived complications and other issues, the Business Re-engineering team decided
not to pursue this procedure. One issue was who would do the ratings. Another concern was that
we could not really ensure consistency. Furthermore, there was the perccption that a lot of time
would be involved in performing the ratings. The general feeling was that even if we could be
precise enough to ensure consistency, we would not be giving the user much more information than
is provided in the explanatory notes section of our publications.

This comment raised the issue of whether the approach we should take should focus on the
descriptive explanatory material, perhaps standardizing it. All of our data publications contain
explanatory material. We have a standard on publication of energy statistics which is based on a
directive in the Statistical Policy Handbook [17]. The EIA publication standard specifies that we
describe the survey design and provides a checklist of activities to include. It also specifies that we
point out the limitations of the data. The detail we provide on the limitations of the data and on
features of the survey design varies across EIA.
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Recent Developments

There are two recent developments at EIA that could affect the approach we take to presenting
information on data quality. One is guite specific, the development of a quality profile for the
Residential Energy Consumption Survey. The other is more global, electronic dissemination.

Quality Profiles

Last spring, EIA published its first quality profile, an extensive profile of the Residential Energy
Consumption Survey. It was prepared by Thomas B. Jabine [18] in a joint effort between the
Offices of Energy Markets and End Use and Statistical Standards. As described in the report the
purpose of the Residential Energy Consumption Survey Quality Profile (Quality Profile) is "to
present, in a convenient form. a report on what has been learned about the quality of RECS data
since the survey began.”

The report provides an overview of the survey and presents information about three major sources
of nonsampling error: coverage error, nonresponse, and measurement error. It also discusses the
contributions to nonsampling error of data processing and imputation procedures. In addition, it
looks at the effects of cstimation procedures on dam quality. Furthermore, the report presents results
of studies that have compared RECS data with data from other surveys, and describes relevant
research currently in progress.

The Quality Profile has been very well-received. Several members of our energy advisory
committee said it was a good model of how we should document our surveys [19]. They pointed
out that customer satisfaction depends on data quality and that a quality profile would give users all
the information they would need to determine data quality. They suggested that we do more
profiles. Unfortunately, due to our budget constraints and reduction in staff levels, that does not
appear likely.

E ic Data Disserminati

As mentioned earlier, there was a concentrated effort to make data available electronically at EIA.
Electronic dissemination has produced new possibilities. One is that the user would click on a data
value and see a standardized description that explained it [19].

We have taken a couple of steps in that direction. EIA has developed an Electronic Styles and
Standards Manual [20]. It requires that when a publication is released electronically that it is
released in its entdrety so that the explanatory material is included. For products released as files,
we are required to provide data sources and caveats concerning the data.

Another step is the development of a succinct set of notes for data from the Commercial Building

Energy Consumption Survey that will be released on the internet [21]. Topics in the notes include:
survey methodology, target population, sample design, changes in the survey from the previous
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cycle, sampling rates, data collection procedures, response rates, minimizing nonresponse to the
survey, and a general discussion of sampling and nonsampling errors.

Where Do We Go from Here?

The issuc of & surnmary measwe of data quality does not appear to be going away, EIA is moving
toward a performance-based budget. In addition, implementation of the business re-engineering
blueprint includes a pilot test to integrate survey operation activities. As part of this effort, staff
members are developing measures to monitor the process overall. Ideally we would like 1o include
a measure of data quality, apart from revision error.

We realize it is not likely that we will find the perfect measure. While we have not found a
summary measure of data quality, there is agreement that providing users information on what we
know about the guality of the data is crucial.

We have been giving our users explanatory material for years. Yet during our customer satisfaction
survey, some have told us that they have no way of judging the quality of our data. They think ETA
has good quality data, but they say they do not know for sure. Something seems amiss here.

Perhaps the future direction should be to make the information on data quality easily accessible and
understandable. We could cover in a concise way the dimensions of data quality that we identified:
sampling error, measurement error, coverage, nonresponse and methodological consistency. The
notes developed for commercial consumption data that will be released on the internet are in the
direction of this goal. They were based on work done at the National Center for Education
Statistics.

Building on each other's work perhaps we can attain information on data quality that is so clear and

accessible that users, themselves, will be able to answer the question, “How do we know if the data
are any good?”
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