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An increased need for the exchange of statistical information among users, as well as 
the recent technological development in communications and micro-computing, calls more 
and more for the effective design, development and implementation of statistical meta infor-
mation systems. To design such systems correctly requires the harmonization of technologi-
cal, subject matter oriented and organizational aspects of statistical information systems.  
Keywords: knowledge, statistical, metadata, modeling, process. 

 
Conceptual foundation 
Statistical metadata are data which are 

needed for proper production and usage of 
statistical data. They describe statistical data 
and - to some extent – processes and tools 
involved in the production and usage of sta-
tistical data. Expressed briefly, statistical me-
tadata are data about statistical data. 
A statistical meta information system is a 
system, which uses and produces statistical 
metadata, informing about statistical data, 
and which fulfils its tasks by means of func-
tions like "statistical metadata collection", 
"statistical metadata processing", "statistical 
metadata storage", and "statistical metadata 
dissemination". 
Statistical data are the primary objects of 
the descriptions provided by statistical meta-
data. Thus in order to understand the mean-
ing and contents of statistical metadata, we 
must have some understanding of what statis-
tical data are, and what it is about them that 
may have to be described. 
Statistical data may be microdata (observa-
tion data) or macrodata (estimations result). 
Microdata, sometimes called observation 
data or measurement data are the result of 
observations or measurements of a set of ob-
ject characteristics (states and events). 
Macrodata, in daily talk simply referred to 
as "statistics", are the result of estimations of 
a set of statistical characteristics (statistical 
concepts). The estimations are made on the 
basis of a set of microdata, that is, a set of 
observations of a set of object characteristics. 
 
2. Statistical Information Systems 

Beside the statistical data themselves, the 
processes of the information systems asso-
ciated with the statistical data are important 
description objects of statistical metadata.  
A statistical information system: 
 provides statistical information, that is, in-
formation about collectives of objects (rather 
than individual objects) in the object system; 
 supports so-called directive actions, like 
general level planning, decision-making, and 
evaluation. 
A statistical information system accomplish-
es its tasks by performing three major func-
tions: 
 an input acquisition function, which di-
rectly and/or indirectly observes (measures) 
certain object system characteristics, and 
which prepares and stores the observation da-
ta obtained as microdata in an observation 
register; 
 an aggregation function, which trans-
forms the microdata produced by the input 
acquisition function into macrodata, or "sta-
tistics", which are estimated values of statis-
tical characteristics; 
 an output delivery function, which 
makes macrodata (statistics) available to the 
users, and which assists the users to interpret 
and analyze the data further. 
Modern technology permits a much more 
flexible organization of the processes for 
producing and disseminating statistics. The 
statistical system assumed to be : 
 database-oriented: the microdata and 
macrodata, which are stored and processed, 
are communicated within and between the 
functions and subfunctions via a database; 
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 self-describing: the microda ta and ma-
crodata are described by means of accompa-
nying metadata, which are stored in the da-
tabase, and which are consistently trans-
formed, whenever the described data are 
transformed.  
The statistical information system archi-
tecture covers many different types of statis-
tical information systems: sur vey processing 
systems, register management systems, user-
dr iven retrieval systems. 
A survey processing s ystem focuses on a da ta 
collection process, resulting in a collection of 
microdata, which are aggregated into esti-
mated values of certain statistical characteris-
tics. 
A user-dr iven retrieval system focuses on the 
needs of a particular category of statistics us-
ers, and aims at making available macroda ta 
and microdata from different surveys (and 
other sources), which may be relevant for the 
particular category of users. 
Register management is an important aux-
iliary process for statistics production. There 
are two kinds of registers, which are particu-
larly important for statistical information sys-
tems: base registers and code registers. A 
base register establishes and maintains an 
authorized list of the objects belonging to a 
certain population. A code register estab-
lishes and maintains an authorized list of the 
values belonging to the value set of a certain 
variable or classification. 
 
3. Architecture of Meta Information Sys-
tems 
The desirable architecture of future meta in-
formation systems should consider: 
 Metadata collection activities should be 
minimized in the sense that no metadata 
should have to be entered more than once, 
and derivable metadata should be automati-
cally de rived rather than manually e ntered.  
 Huge retrospective metadata collection ac-
tivities should be avoided. Instead as much as 
possible of be avoided. Instead as much as 
possible of the metadata input flow should be 
generated as a side-effect of other activities. 
For example, the more or less formalized de-
scriptions that are typically generated by sys-

tems analysis and design activities should be 
automatically captured and organized as po-
tential metadata for the information system 
under development; 
 Some type of cost/benefit mechanism 
needs to be introduced into the architecture 
of a meta information system in order to re-
late users and producers of metadata in a 
constructive way. The mechanism needs  to 
be relatively sophisticated, since there is a 
many-to-many relation between users and 
producers of metadata: the same metadata 
may be used by many different users, and the 
same user may need metadata concerning 
many several data collections from several 
producers. 
Statistical information systems are valuable 
assets. However, without properly integrated 
meta information systems, the value of the 
information systems is drastically reduced. 
Since today's statistical information systems 
are by and large formalized and compute-
rized, the meta information systems must al-
so be formalized and automated, if the pace 
of the metadata flow is to keep up with the 
pace of the object data flow. 
3.1. Metadata holdings  
The statistical metadata managed by a statis-
tical service need to be stored in metadata 
holdings , organized into one or more statis-
tical metadatabases. A statistical metada ta-
base may be active (integrated with a statis-
tical database) or passive (separate from a 
statistical database). It may contain local me-
tadata concerning individual surveys and/or  
global metadata concerning a wide range of 
surveys and data collections. It may be phys-
ically stored and maintained locally or cen-
trally in the organization. 
There is a need to store a lot of different 
kinds of metadata in a statistical meta infor-
mation system. The metadata can be catego-
rized in several different dimensions, for ex-
ample: 
 by metaobject type; 
 by being microdata-oriented or macroda-
ta-or iented; 
 by data type (quantitative, qualitative, tex-
tua l); 
 by type of formalism (fixed-format facts, 
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logical expressions, mathematical expres-
sions, algorithms, graphs, free text); 
 by being data-oriented or process-
or iented; 
 by being procedural or declarative; 
 by representing specific facts or general 
knowledge. 
Since the metadata will be in many different 
forms, relatively advanced database man-
agement software will be needed for han-
dling metadata holdings properly. 
In many respects a statistical metadatabase 
can be designed in the same way as any other 
kind of database. For example, it is advisable 
to use a so-called object graph (or Entity Re-
lationship graph) for modeling the contents 
of a statistical metadatabase. Such a metao b-
ject graph contains metaobjects, metava-
riables, value set of one or more variables 
etc. 
A three-layer model is one way of taking 
care of the user needs for  comparability in 
time and space. The type layer should con-
tain metadata, which are 
"usually" the same, or at least "similar" for 
different members of the same type.  
The type level metadata have the character 
of "general rules" or "typical descriptions"; 
exceptions to the rules can be  given for sub-
types and/or occurrences of the types. 
Analogously, the series layer should contain 
metadata, which are "more or less" the same 
for different repetitions within a time series. 
Once again exceptions to 
the typical descript ions can be given on the 
occurrence level. 
The occurrence layer should primarily con-
tain metadata, which are known to be differ-
ent between different occurrences within the 
same series, or the same type, respectively. 
High variability in this sense is typical for 
most operation-based metavariables, like 
"measurement problems" and "non-response 
rate". Design-based 
metavariables will not change their values 
between repetitions of "the same" survey to 
the same extent.  
To summarize, many metavariables will have 
to be recorded on the occurrence level. How-
ever, if a metavariable is known to be rela-

tively stable over time, it could be recorded 
on the series level, provided that there is an 
option to record occurrence level exceptions 
from the series level rule. The exceptions 
could result in footnotes in appropriate plac-
es, when the data are presented.  
3.2. Metadata flows 
Every statistical service function, which 
somehow manages data, should also manage 
the metadata, which is associated with the 
data. 
In fact automation and computerization of 
survey management has up to recently im-
plied disintegration of the natural relation-
ships between statistical data and metadata, 
which existed in earlier manual systems. For 
example, in a questionnaire, when it has been 
completed, it contains both data (answers to 
questions) and the associated metadata (the 
questions themselves and accompanying in-
structions for answering t he questions). 
An essential feature of modern metadata 
management is that it is reintegrated with ob-
ject data management, so that for example 
the metadata describing the figures in pre-
sented tables would in fact be the result of a 
chain of systematical, formally well-defined, 
and automated transformation processes, 
starting with the metadata in the question-
naire, or maybe even earlier, with the meta-
data generated by design decisions preceding 
the (computer aided) construction of the 
questionnaire. 
During all activities of all phases of the life-
cycle of a statistical system, the different ac-
tors produce decisions, documents, etc, 
which contain metadata. If the metadata are 
properly captured and organized, they may 
become very useful, when the same statistical 
information system, or other ones, require 
metadata input. 
It should be a challenge for every statistical 
service to organize its metadata flows in such 
a way that: 
 as many metadata as possible can be ob-
tained from existing metadata holdings, 
whenever they are needed by a certain actor  
in a certain statistical system; 
 as few metadata as possible have to be 
produced for its own sake, rather than as a 
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side-effect of other (necessary) activities of 
the statistical systems monitored by the sta-
tistical office. 
Sharing of metadata (as well as sharing of 
object data) within and between systems is 
essential for any statistical service aiming at 
rational, computer-supported planning and 
operation of its statistics production. Syste-
matical, automated exchange of metadata be-
tween different activities promotes two good 
causes at the same time: 
 it decreases the burden on metadata pro-
viders; 
 it increases the benefits gained from me-
tadata, which are already available. 
International standards for the storage and 
exchange of statistical data and metadata 
should significantly facilitate the efforts of 
statistical services to systematize and auto-
mate exchange of data and metadata, both in-
ternally and externally.  
 
4. Benefits 
There are important interdependencies in the 
metadata flows between 
 local and global metadata holdings  
 different statistical information systems 
 different phases of the life cycle of each 
statistical information system. 
There can be an important feedback loop 
from the local metadatabases of a number of 
(different types of) statistical information 
systems to a common globa l metadatabase. 
The local databases contain detailed know-
ledge concerning specific systems and their 
data (observation registers and statistics). 
The local metadata have to be processed (as 
automatically as possible) in order to create 
extracts and summaries, which can be ma-
naged in the globa l metadatabase, from 
which metadata can be retrieved by local as 

well as global and external systems. In order 
to make the retrieval of global metadata as 
efficient and user- friendly as possible, the ex-
tracts and summaries have to be further 
processed (once again as automatically as 
possible) in order to create and maintain ref-
erence data like tables of contents and index-
es. 
The generation of extracts, summaries, and 
reference data is one part of the knowledge 
acquisition process for the global metadata-
base. Another part is the acquisition of gen-
eral knowledge: handbooks, encyclopedia, 
thesauri, standards, software, etc. The acqui-
sition of general knowledge can be per-
formed rather independently of the feedback 
loop just described. However, there is a po-
tential for creating an "intelligent" inductive 
learning loop from the local and global spe-
cific knowledge to the global general know-
ledge. At the present state of the art this in-
ductive learning loop will be highly depen-
dent on human efforts, but artificial intelli-
gence may contribute increasingly in the fu-
ture. 
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