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Abstract
Needs for statistical meta-knowledge and -data are pointed out. Desired content of meta-data in
statistical systems and components of statistical meta-data systems are outlined. Finally, the needs
for further efforts in developing components missing and for consolidating research results are
emphasized.

0. Introduction
I have the honor of being invited to give the Opening Lecture to this Workshop on Metadata in
Statistical Work. I will take advantage of this opportunity to give an outline of problems and
possible solutions to some of the aspects of this important field of statistics as I have been able to
observe them through 40 years of association with official statistics. I do not expect to point out
important solutions which this group of experts have not already discussed. My hope is to present a
framework which may serve as a reference in the discussion during the three days of this Workshop.

1 Invited Opening lecture to the Workshop on Metadata in Statistical Work, Luxembourg February
1993. To be published in the UN/ECE Journal of International Statistics.

1. Statistical knowledge and data
All human decisions and actions are based on some kind of knowledge and the discussion of metadata and meta-data systems should therefore take knowledge as a starting point. Our personal
knowledge can be viewed as images of the surrounding world continuously reflected to each of us
through our personal pocket mirrors each of which are reflecting something different and from
different angles. Through a human life time, the amount of knowledge collected by personal
observations is relatively microscopic and unsatisfactory when we are facing problems outside our
environment and have to make decisions with consequences far outside our own private life. We
have therefore alia strong motivation for exchanging knowledge.
There are several means available for exchanging knowledge. One important way of knowledge
exchange is by data exchange. Data is a concrete representation of knowledge and is based on the
assumption that data can be expressed by a language understood by the individuals
communicating. I will use the term information in the sense of knowledge exchanged by data.
Why is it useful to distinguish between the abstract concepts of knowledge and mental reasoning
on one hand, and their concrete counterparts data and data processes on the other? Knowledge is
the result of complex human perception of the real world and the associated mental abstractions. In
fact, we don't know exactly what knowledge is or how mental processes are carried out, but we can
trace the effects of knowledge and reasoning as manifested in decisions made or actions
performed. Data and data processes on the other hand, are observable facts and imitations of the
mental counterparts. Our objective is to develop methods for making data and data systems good
substitutes for knowledge and mental reasoning.
We want to communicate information and imitate human reasoning by means of data technologies
because these tools have certain properties which make them more efficient than the human brains
for some tasks, f.ex. for keeping large amounts of knowledge about quantitative properties
represented as data readily available for access and rapid transfer, and for carrying out certain
logical and arithmetic processes on these data accurately at high speed.
Three layers of statistical knowledge are usually distinguished, micro- knowledge about the
primary objects in our universe of observation, macro- knowledge about distributions of objects
and meta-knowledge to interpret the macro- and micro-knowledge [2]. The statistical knowledge
varies not only in orientation, quantity and content from one man to another, but also in semantic
content because of individual variation in associated non-statistical knowledge. To be able to
communicate and discuss statistical information, we need a language for description of statistical
data.

2.Historical development of statistical meta-data
The need for statistical meta-data was of course recognized already in the early days of statistical
production. Even the statistical data from the first primitive statistical censuses needed to be
presented with at least some verbal explanation about the scope of the investigation and the
procedures used to collect the data. Later, references were also given to the methodologies used and
the statistical theory on which the methodologies were based. The most common meta-data were
and probably still are the verbal parts of statistical tables. As one of the other lecture titles indicate,
footnotes have probably always been common and important pieces of meta-data.
About 40 years ago, the first magnetic tapes were taken into use in statistical work. Meta data were
then mixed with micro- and macro-data in so- called self-descriptive files. However, it was not
until the collections of machine accessible data about 1960 exploded in size that the reuseability
and reprocessing of statistical data became a challenging and practical possibility. It required a
systematic storing of micro- and macro-data referenced by a meta-data system in an integrated
statistical system. The idea, referred to as statistical archive systems or automatic file systems was
discussed among statisticians during the 1960 [3].
(Figure 1)
The statistical archive systems implied the development of methods and techniques for preserving
descriptive meta-data associated with the data incorporated in the data archives. Without such
methods and techniques, the statistical data archives would become great graveyards for statistical
data. Work on such methodology started in the Working Group for EDP of the Conference of
European Statisticians in UN Economic Commission of Europe in the early 1960's [5]. It is
interesting to note that many of the ideas and views of statisticians were later developed in the data
base systems 10 years later.
The term statistical meta-data was probably coined by Bo Sundgren more than 20 years ago [9]. It
became an important focal point for the cooperation in the statistical community carried on during
the 1970' and 1980's, and this workshop proves it vitality also in the 1990's. Many international as
well as national organizations and statistical agencies are now seriously engaged in the
development of meta-data systems. However, we have been moving fast into a situation in which
we all have to consider ourselves as members of the same global system with common interests. To
make further progress, we need to consider the world through the same glasses and subordinate our
efforts according to a common general plan for developing a world wide network of statistical
systems.

3. Producer and user needs for meta-data
The global status at the end of the 20th century is characterized by needs for larger food production,
higher education, and better social care for a majority of the world's inhabitants. Better planning,
more efficient production and distribution, and faster information feedback are possible actions
for improvement. Such improvements require in turn fast and good access to relevant, accurate,
and timely data about the state and development of economic and social processes in a global
perspective.
The roles of producer and user of statistics may change rapidly. A producer of statistics, may the
next day be a user of previously produced statistics while a user of statistics may in turn be a a
producer of secondary statistics. Two important dimensions in the relationship between producer
and user of statistics are time and space. One user of statistic may demand statistical data which
were produced in the past to be able to judge the trends of change, the next user demands statistical
data for a remote area by a far away producer. Common for the relation between all producers and
users of statistics is that they need a means of communication, statistical information systems.
(Figure 2)
The international and national statistical agencies have advanced in the art of collecting and
producing relevant, timely, and sophisticated data for current demands. But do the official
agencies preserving data for future use? My experience from national and international statistical
agencies through 40 years, indicate that they still don't take enough care of their statistical data
treasures in a manner which will satisfy future needs, that they don't agree on and submit to
common conceptual and methodological standards which would permit better statistical
compatibility and that they don't take their responsibilities for marketing and disseminating their
services and products properly. Users have little knowledge about the content of the statistical data
archives, how to combine statistics from different sources and how they could benefit from the
large sources of potential information hidden in the data archives. To the extent producers
themselves know the content of their own statistical data sources, the necessary keys to open up the
treasures properly for the users are not implemented. These keys are statistical meta- data systems.

4. Types of meta-data
We can consider human knowledge as composed of two elements, perceptions of situations, and
deduced and induced explanations of the situations. In terms of external representations, the two
types of elements correspond to attributes and relations associated with objects of different types.

Statistical data are acquired by censuses/surveys or inherited from activities with non-statistical
objectives. I shall refer to any set of statistical data acquired by the same set of activities as a set of
survey data. One part of the data refers to why and how the data were obtained, the second part
refers to what data were obtained by the survey. The two parts correspond to what we call metadata and micro-/macro-data representations. Roughly speaking, meta-data describing micro-data
refer to collection related aspects, while the meta-data describing macro-data refer to computation
aspects.
Some of the meta-data are shared by several surveys. General meta-data include fundamental
knowledge of statistical theory, methodology, conceptual standards, etc. Frequently, general
meta-data are hidden for the user. The theoretical assumptions behind a given methodology are
often hidden meta-data for the users, and sometimes serious misinterpretations or even misuse of
the statistical data can be the consequence.
(FigureS)
For each well designed survey there should be specific meta-data about the special target concepts
and relations for which the survey was designed to investigate. The measurement of the concepts
and the computation of the relations must always be operationalized. The meta-data for the
operationalized concepts and relations are prescribing how to proceed in observation and
processing. The target and operationalized concept and relation descriptions are referred to as
design descriptions.
The implementation meta-data describe how the survey processes were carried out. Obviously, the
implementation processes may be another source for misinterpretation of statistical facts. Usually
the implementation of a survey is composed of a large number of complex processes, many people
are involved, the time delay between start and completion of implementation may be significant,
etc. All these factors make it impossible to expect that any user can make full use of all
implementation data. The meta-data of implementation must therefore be a well chosen extract of
the most important data.
The meta-data for the design stage represent ideal goals the statistical agency will try to meet. The
meta-data for the implementation describe how the available statistical data were collected and
processed. There may be significant discrepancies which have impacts on the available micro- and
macro-data. The survey may for example have failed in observing some planned attributes of the
objects with the results that the list of observed attributes will not correspond to that of the design
description. During processing, a planned linking with micro-data from another survey was
impossible to carry out, and a causal relationship which was planned to be computed had to be
dropped out or substituted by an alternative computation.

From a user point of view, the quality declarations of the results of a survey are important metadata. The quality refers both to the micro- and the macro- statistics, and to many aspects of both
types of results. Non-response during collection, and editing and imputation in the processing
stage, are examples of important factors which may influence the quality of the micro- as well as
the derived macro-data. The importance of quality declarations both for end users and future
producers is obvious and justifies their representation among the meta-data for implementation.
Production costs of the statistical processes are not always considered among the important metainformation. But cost data can be helpful both for end users to explain why data for some objects do
not have the quality expected, and for future producers for allocating their resources in a more
efficient way. For those statistical agencies which have to justify their activities by income, the
production cost data will be important in their strategic planning.
The last category of meta-data description is the meta-data for utilization of statistics. The
description of utilization is related to the design and implementation descriptions, as accounts are
related to budgets for an economic enterprise.
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For the users and producers of statistics, meta-information on the demand for and use of statistics
are important. The demand data for statistics are part of the justification for surveying a particular
field. Considered in connection with the prices asked for and production costs of statistical
products and services, dissemination of similar or related statstics in the past, etc. demand data for
statistic may be crusial factors for the strategy planning of any statstical agency. It is used not only
to decide for or against a certain survey, but also to tune the balance of how much of the macro-data
potential should be realized during the primary processing and how much should be left until
concrete demands emerges.
Finally, feed-back from users must also be considered among information which should be
represented among the meta-data on utilization. In the same way as an industrial producer wants
to keep in touch with his market to learn how to improve his old products or introduce new, the
statistical producers must keep in touch with the users of their services to get feed-back about the
relevance of the services and products provided.
We can conclude this part of our discussion by stating that the desired content of the meta-data base
will be extensive and composed of different types of data from all phases of statistical work.

5. Meta-data systems
The meta-data system is an integrated part of of the general statistical data system as indicated in
Figure 4 [2]. The meta-data system can be instrumental as coordinating center of the integrated
system. Or stated in other words, the statistical development can be driven or controlled by the
meta-data system.
(Figure 4)

The meta-data system itself should be composed by several process modules as indicated by Figure
5 with the four categories of meta-data as a core. One module, the Interaction, should handle the
necessary communication with the producers and users of the meta-data system. The system will
have to be continuously updated by the producers and must contain the necessary updating and
maintenance components.
The users will need assistance in stating requirements in correct syntax and with a semantic
content which have the expected effect when executed. The interaction module must also contain a
set of utilities to assist the users in communicating with the system. These utilities must therefore
comprise vocabularies and thesaura to help users in expressing their needs, and navigation utilities
which can help users to browse the content of the meta- data base and find views of the reflected
real world which are relevant to their particular needs.
A basic set of processes in the meta-data system will be the storing of acquired and retrieval of
wanted meta-data. These processes can be considered as a meta-data base management system
designed to satisfy the special requirements of the heterogeneously composed meta-data base.
These processes must be closely interfaced to the above discussed interactive module through
which the data base processes get their instructions from the users. They will also have to be closely
interfaced with the fourth process module, the connection module.
The connection module will in principle have the same interface function to the micro-/macro-data
system as the interaction module has toward the users. One task of the connection module will be to
send messages for processing and retrieval of data to the micro-/macro-data base. Another task,
will be to receive message with descriptive data from the processing of micro-/macro-data base for
storing in the meta-data base.
(Figure 5)
In a network of statistical data bases, each meta-data system must also be able to communicate
with other statistical meta-data systems in order to give the users the advantage of the data kept by
other statistical systems. In the future we have to consider national and international statistical data
bases as nodes in a global, worldwide statistical network. This will require that the meta-data
bases are compatible, but not necessary homogeneous [ 1 ].

6. Developing meta-data systems
Development and implementation of a statistical meta-data system require a number of different
tools. First of all we need comprehensive statistical standards for concepts, classifications and
processes. Along with object registers for different domains, these elements represent a vocabulary
on which the syntax of a meta-data description language must be founded and defined.

(Figure 6)
The development of a meta-data system will also need standard procedures for how to
communicate, collect and store meta-data, navigate in the meta-data system, retrieve data from the
meta-data system and how to connect the retrieved information to the micro- and macro-data
bases, and vice versa. These procedures can be conceived as a set of MD models [10]. To control
the operation of these models a meta-data command language will be needed.
The hardware available for statistical data systems has changed dramatically during the last 30-40
years. It is important to recognize the fact that the data and communication technology of today
permits the realization of world wide international statistical systems which only ten years ago
when I tried to promote the idea, was correctly characterized as wishful thinking.
The design of the statistical systems for tomorrow must be implemented by means of
telecommunication networks, distributed data storage and processing, and must conform to the
idea of a world wide network system. In such a system the need for well developed and compatible
meta-data systems will be even higher than in present national or regional systems.
In connection with the development of meta-data systems and needed tools, I would like to
emphasize a few fields of research in computer and information sciences which I believe can be of
some importance to statisticians in their development of meta-data systems.
One is the exploding interest in object-oriented programming. For statisticians object orientation
should not be a new idea. Statisticians has always based their empirical investigations on the
notion of universes of objects (or units) which could be ordered in hierarchies of classes. What I
think is interesting for statisticians is that the design of the statistical surveys can be more directly
implemented from statistical models by means of object oriented programming than by traditional
programming techniques.
The second area is artificial intelligence or knowledge based systems. Automatic coding, editing,
imputation and classification are be examples of processes which today would be presented as
applications of artificial intelligence [4]. I believe that embedded modules of knowledge based
systems will be efficient parts of future statistical data systems, particularly in interaction,
navigation and retrieval parts of meta-data systems [7].
I cannot leave the discussion of meta-data system development without a few words about the
marketing and dissemination of statistical services. I learned through my work with the UN
Statistical Office that the UN publications and statistical services had only a very limited
distribution in the large word wide market. A few years ago, I was asked by FAO to review the
dissemination of their services [6], and concluded that the dissemination of statistical services
from this organization confirmed the impressions from UNSO.

The sad explanation seems to be that statisticians' engagement ends with the completion of the
statistical products, and that few take interest in and responsibility for transporting the products to
the market place. Development of sophisticated statistical meta-data system networks, will be no
more than an interesting intellectual exercise if we don't inform the users about the existence of
statistics and potential benefits of statistics as a basis for decision support.

7. Needs for continued efforts in development of meta-data systems
During the last two decades, much work has been invested in the area of statistical meta-data. I
want to emphasize four tasks which I feel deserve continued attention and united efforts:
- Assembling a theoretical basis for statistical meta-data,
- Systematizing and developing methodologies for meta-data systems,
- Implementing and testing new technologies for meta-data systems.
- Promoting understanding and use of meta-data system services.
Recent developments in artificial intelligence, information retrieval and data base theory as well as
new data technologies for storage and processing and distribution of data may be tools needed.
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Figure 2: The basic problem of knowledge communication
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Figure 3: Meta-data elements
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Figure 4: Statistical data system
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Figure 5: Components of a meta-data system
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Figure 6: Tools for meta-data system work

