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STATISTICAL DATABASES – AN INTRODUCTION 

This is a short book about statistical databases, introducing basic concepts, modelling and design 

techniques, and metadata issues. 

1 Basic concepts and definitions 
In this first chapter of the book, we will discuss a number of basic concepts: 

 

 database and database management system (DBMS) 

 statistical database and statistical database management system (SDBMS) 

 data warehouse 

 register 

 data, information, knowledge 

 statistical data: microdata, macrodata, metadata 

 statistical characteristic and statistic 

 multidimensional statistical characteristic and multidimensional statistic 

 information system and statistical information system 

 operative/administrative and directive/analytical information system 

1.1 Databases and statistical databases 

A short and simple definition of a database is the following one from Sundgren (1981): 

 

”A database is a well organised collection of data. It should be easy to process and update data in 

the database, and to add new data to the database. It should also be easy to retrieve data from the 

database, both planned and unplanned retrievals.” 

 

This definition focuses on the external properties of a database, the services that it should be able 

to provide to a user. The user may be a human being or a piece of software. The definition does 

not go into technical details. Technologies for implementing databases will change over time, but 

the basic functionalities to be provided will remain more or less the same. 

 

Following the basic definition of “database”, a statistical database may be defined as a well 

organised collection of statistical data. It should be easy to process and update statistical data in 

the database, and to add new statistical data to the database. It should also be easy to retrieve 

statistical data from the database, both planned and unplanned retrievals. 

 

The definition of statistical data (as distinguised from data in general) will follow below. 

1.2 Database management systems (DBMS) 

The software used for managing a database on a computer is called a database management 

system (DBMS). For several decades now the prevailing type of DBMS has been the relational 

database management system, based on the relational data model. 

1.3 Statistical database management systems (SDBMS) 

A statistical database management system is a software system for managing statistical data-

bases. Statistical database management systems may be built on top on relational database 

management systems. Alternatively they may be built from scratch for the unique purpose of 

managing statistical data, especially macrodata and associated metadata; for definitions of 

macrodata and metadata, see below. The latter kind of statistical database management systems 
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are often based upon so-called multidimensional data models, which will be further discussed 

later in this book. 

1.4 Data warehouses 

A data warehouse, or corporate data warehouse, is a database, or a well integrated collection of 

databases (including metadata), used by an organisation as a whole (and/or its customers). 

1.5 Registers 

A basic, orthodox definition of a register is the following one: 

 

• A register is an authorised, up-to-date list of all objects belonging to a certain population 

• The objects are uniquely identified by an authorised identifier, such as person number for 

persons, organisation number for enterprises and other organisations, etc 

• In addition to the identifier, a register may contain additional basic and up-to-date 

information about the objects, such as name (not necessarily unique) and location and other 

contact information, e.g. address and telephone number 

 

For example a person register is an authorised list of persons belonging to a certain population, 

e.g. all persons living in Sweden at a certain point of time. The Swedish civic registration 

number, or person number, is an officially authorised identifier of persons. A person register may 

be used for sending some message to all members of the population, or some subset of it, in 

which case it is very practical if the person register also contains correct and up-to-data contact 

information, such as physical address, e-mail address, telephone number. 

 

Registers, if they exist, are very useful as frames for statistical surveys about a population, or 

some subset or sample of it. 

1.6 Data and information 

Data is the physical representation of information. Information exists only in the minds of human 

beings, and is used by a human being for understanding and coping with the world around her, 

e.g. decision-making and problem-solving. Information may be represented by data on different 

media outside the human brain, and information is communicated to other human beings by 

means of data, e.g. digital data transmitted through cables or in wireless mode. 

 

• Data may be the result of a measurement or a direct observation performed by a human 

being, or by a measurement instrument designed by a human being. 

• Data may also be the result of a mental and physical process, where a human being tries to 

represent and communicate information by means of data. 

• Data may be tranformed into other data by means of processes, designed by human beings 

and executed by human beings, machines (e.g. computers), and/or human beings and 

machines in cooperation. 

 

One cannot be sure that different human beings will interpret the same data in the same way. 

Using redundance (saying the same thing in different ways) and metadata (data describing other 

data and their meaning) are different ways of increasing the probability that different people will 

understand the same data in more or less the same way, avoiding misunderstandings. 

1.7 Statistical data: microdata, macrodata, metadata 

Statistical data are data used and/or produced for statistical purposes. There are three major 

categories of statistical data: microdata, macrodata, and metadata. 
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• Microdata – data about individual objects 

• Macrodata – summarised (aggregated) data about collectives of objects, estimated values of 

statistical characteristics, ”statistics” 

• Metadata – ”data about data”: 

– exploratory metadata, e.g. metadata to be used by search engines 

– explanatory metadata, e.g. definitions, quality declarations 

– technical metadata, e.g. formats and data types 

 

Note that we use the term “statistical data” in a rather broad sense, including all kinds of data 

that are used and/or produced for statistical purposes. Microdata are the results of measurements 

of properties of individual objects and are used as inputs to aggregation processes, and these 

processes in turn result in estimates of statistical characteristics, or, what people usually call 

“statistics”, or “statistical figures”, typically presented in statistical tables and graphs. Thus 

“statistics” is a more narrow term than “statistical data”. Note that “statistical data” also include 

“statistical metadata”, data about statistical data. 

1.8 Statistical characteristics 

We just defined “statistics”, or macrodata (aggregated data), as estimated values of statistical 

characteristics. What then is a statistical characteristic? 

 

A statistical characteristic may be defined as 

 

• a statistical measure (m) applied on 

• the (true) values of a variable (V); V may be a vector 

• for the objects in a population (O) 

 

We may use the following denotations and terms: 

 

• O.V.m denotes a statistical characteristic 

• O.V denotes an object characteristic 

• V.m denotes a parameter 

 

Three examples of statistical characteristics: 

 

1. number of persons living in Sweden at the end of 2001 

2. average income of persons living in Sweden at the end of  2001 

3. correlation between sex and income for persons living in Sweden at the end of 2001  

 

In all these three examples, the population (O) is “persons living in Sweden at the end of 2001”. 

 

In Example 2, the variable (V) is “income”, and “income of person”, or “Person.Income”, is the 

object characteristic O.V. The object characteristic is observed, or measured, for individual 

objects (persons) in the population, and the resulting values of the variable (income) are 

summarised, or aggregated, by means of an operator, corresponding to the statistical measure 

(m), which in this case is an operator that produces the average income of the persons in the 

population. The estimated parameter V.m is “average income”. 

 

In Example 3, V is a vector, [sex, income], and the statistical measure is “correlation”, operating 

on the values of the two variables in V. 
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In Example 1, the estimated statistical characteristic is number of objects in the population, that 

is, the result of a frequency count. The frequency count may be regarded as the statistical 

measure (m) in this case. It is an operator that summarises the values of a variable that takes the 

value “1” for all objects in the population. 

1.9 Statistical measures 

There are five common types of statistical mesasures: 

 

• enumeration measures, e.g. frequency count 

• summation measures, e.g. summation 

• central measures, e.g. average, median 

• variation measures, e.g. variance, standards deviation 

• covariation measures, e.g. correlation 

1.10 More examples of statistical characteristics 

Here are some more examples of statistical characteristics and their components: 

 

STATISTICAL CHARACTERISTIC  POPULATION  VARIABLE  MEASURE  

Number of persons living in Sweden 
at the end of year 2001 

persons living in Sweden 
at the end of year 2001 

Φ (none)[1]  enumeration 
(frequency 
count)  

Average income of persons living in 
Sweden at the end of year 2001  

persons living in Sweden 
at the end of year 2001 

income, in SEK, 
during year 2001  

average  
(arithmetic 
mean) 

Correlation between sex and income 
of persons living in Sweden at the 
end of year 2001  

persons living in Sweden 
at the end of year 2001 

(sex at the end of 
2001, income 
during 2001)  

correlation 

Volumes of iron, in tons, produced 
by iron mines in Sweden during 
2001  

iron mines in Sweden 
existing at some time 
during 2001  

volume, in tons, 
during year 2001 

sum 

Number of road accident in Sweden 
during 2001  

road accident that took 
place in Sweden during 
the year 2001  

 enumeration 
(count) 

 [1] Enumeration, or frequency counting, may be seen as a function (statistical measure) with no argument. 

Alternatively, it may be regarded as a function with one argument, where the argument is a variable, which takes the 

value “1” for all objects to be counted; the statistical measure would then be “sum”.  

 

Sometimes a statistical characteristic may be of a more complex nature than those in the 

examples above. Consider for example: 

 

 consumer prices in Sweden have risen by ... percent in the last year 

 the gross national product (GNP) per capita of Sweden is ...  

 

The consumer price index and the GNP per capita are examples of statistical characteristics that 

are derived from other, more elementary statistical characteristics in more or less complex ways. 

We will not go into the details of such statistical characteristics here. 
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1.11 An illustration of the structure of a statistical characteristic 

Figure 1 provides an illustration of a statistical characteristic and its components. The population 

is defined by means of a population-defining expression in terms of a number of variable/value 

properties, and the parameter consists of a statistical measure applied to a vector of variables. 

 

 

 

Figure 1. The conceptual components of a statistical characteristic. 

1.12 Statistics 

Again, recall the distinction between a statistical characteristic and an estimate of a statistical 

characteristic, a statistic, for short. A statistical characteristic is supposed to have a true value, 

but in real world statistics production, it will always be difficult or impossible to find the true 

value, and to be sure that the value that we have found, e.g. through a statistical survey, is really 

the true value. There are errors and uncertainties in all parts of the production process. The 

observations, or measurements, of the individual objects may be wrong. We may not be able to 

identify, locate, and get a value for all objects in the population, so-called non-response errors. In 

sample surveys we do not even try to get responses for all objects in the population, but only for 

a subset of them. And there are other types of errors that we will return to when we discuss 

quality issues later in this book. 

 

In analogy with the definition of a statistical characteristic, O.V.m, a statistic, O‟.V‟.e may be 

defined as  

 

•   an estimator (e) applied on 

•   observed values of an observed variable (V‟);  

•   for a set of observed objects (O‟) allegedly belonging to a population (O) 

 

Ideally the value of a statistic O‟.V‟.e should be ”close to the true value of the statistical 

characteristic O.V.m that it aims at estimating. 

 

STATISTICAL CHARACTERISTIC

POPULATION-DEFINING

EXPRESSION

PARAMETERPOPULATION

VARIABLE
STATISTICAL

MEASURE

PROPERTY

VALUEVARIABLE
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Three examples of statistics: 

 

1. the estimated number of persons living in Sweden at the end of 2001 

2. the estimated average income of persons living in Sweden at the end of 2001 

3. the estimated correlation between sex and income for persons living in Sweden at the end of 

2001  

1.13 Multidimensional statistics 

Statistics, as presented in statistical tables in statistical and other publications, are often 

structured into typical, multidimensional structures. Three examples: 

 

1. Number of foreign citizens living in Sweden and their average yearly incomes by citizenship, 

region, sex, and age. Years 1996-2003.  

2. Number of working persons in Sweden, 16 years of age and older, living in the region (night 

population) by region of  dwelling, region of work, sex, occupation, socio-economic status, 

income class, activity class of working place. Year 1990.  

3. Number of migrations in Sweden by sex, age, from_region and to_region. Years 1998-2003.  

 

Note in particular the expressions following the key word “by” in each one of examples: 

 

1. … by citizenship, region, sex, and age; years … 

2. … by region of  dwelling, region of work, sex, occupation, socio-economic status, income 

class, activity class of working place; year … 

3. … by sex, age, from_region and to_region; years … 

 

These structures may be analysed in terms of so-called complex, or multi-dimensional statistical 

characteristics, O.V.m, where 

 

• the single population of a simple statistical characteristic is generalised into a structured set 

of related populations; the structuring is typically a cross-classification of a main population 

into a hiearchy of subpopulations 

• the single parameter of a simple statistical characteristic is generalised into a vector of 

parameters; all the parameters in the vector are supposed to be relevant for all (or at least an 

important subset of) the subpopulations 

• the reference time is treated as a separate dimension, which may assume a vector of values 

on a time scale, typically a series of years and/or months, etc  

 

Actually each cell in an ordinary, multidimensional statistical table contains an estimated value 

of a particular statistical characteristic, that is, an estimated value of a certain parameter of a 

certain population or subpopulation. The grand total of the table corresponds to the whole 

population, defined by a population-defining expression of properties, and the marginal sums 

and the cells correspond to subpopulations on different levels; these levels are typically 

organised as classification hierarchies. 

 

Figure 2 illustrates the conceptual structure of a complex statistical characteristic.  
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Figure 2. The conceptual components of a complex statistical characteristic. 

 

Figure 3, Figure 4, and Figure 5 provide three examples of statistics, or statistical messages, 

providing estimated values of complex statistical characteristics. 

 
Statistics Number of foreign citizens living in Sweden and their 

average yearly incomes by citizenship, region, sex, 
and age. Years 1996-2003. 

Population foreign citizens living in Sweden at the end of year y 

Population-defining properties 1. country of residence = Sweden 
2. citizenship = non-Swedish 

Counted object person 

Related objects  

Subpopulations crossclassification of population objects 

Classification variables and value sets 1. citizenship (country code) 
2. region (county.municipality) 
3. sex (male, female) 
4. age (five year age groups) 

Parameters 1. number (of objects in the population) 
2. average (income) 

Reference times year (1996, ..., 2003) 

Figure 3. Analysis of the contents and structure of complex statistics. 
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Statistics Number of working persons in Sweden, 16 years of 

age and older, living in the region (night population) by 
region of  dwelling, region of work, sex, occupation, 
socio-economic status, income class, activity class of 
working place. Year 1990. 

Population working persons, 16+ years old, living in Sweden at 
the time of the reference time, t 

Population-defining properties 1. country of residence = Sweden 
2. working status = working 
3. age > 15 years 

Counted object person 

Related objects dwelling (where persons lives) 
establishments (where person work) 

Subpopulations crossclassification of population objects 

Classification variables and value sets 1. region of dwelling (country.municipality) 
2. region of work (county.municipality) 
3. sex (male, female) 
4. occupation (ISCO) 
5. socio-economic status (SEI82) 
6. activity class of working place (NACE) 

Parameters number (of objects in the population) 

Reference times time of the population census 1990 

Figure 4.  Analysis of complex statistics. 

 

 
Statistics Number of migrations in Sweden by sex, age, 

from_region and to_region. Years 1998-2003. 

Population migration events concerning persons living in Sweden 
(before and/or after the event) that have taken place 
during the reference year, y 

Population-defining properties 1. country of residence of person = Sweden 

Counted object migration event 

Related objects person who migrates, 
dwelling from which the person migrates, 
dwelling to which the person migrates 

Subpopulations crossclassification of all migration events by sex of the 
migrating person, region of the dwelling from which 
the person migrates, and region  

Classification variables and value sets 1. sex of the migrating person 
2. age of the migrating person 
3. region of dwelling from which the person migrates 
4. region of dwelling to which the person migrates 

Parameters number (of objects in the population/subpopulation) 

Reference times years 1998-2003 

Figure 5.  Analysis of the contents and structure of complex statistics. 
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Figure 6. Basic “reality-information-data” relationships. 

 

 

 

Figure 7. The roles of metadata (mind-external) and frames of reference (mind-internal). 
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1.14 More about “information – data – reality”  

Figure 6 illustrates the relationships between information, data, and reality. A human being 

perceives reality through her senses and interprets these perceptions, using the concepts that she 

has already formed in her mind. This results in an update of the information that the person has 

in her mind. In order to be sure to remember information, the person may use data 

representations, e.g. on a piece of paper, or in computer storage. Similarly the person may use 

spoken, written, or computer-supported data communication in order to communicate 

information to other human beings. 

 

When data are used to store and communicate information outside the mind of a human being, 

these data become themselves part of the mind-external reality and have to be perceived and 

(re)interpreted in order to become meaningful information in a human being‟s mind again. 

 

Like people use mind-externally stored data in order to strengthen her memory and 

communication capabilities, they use metadata as mind-external amplifiers of mind-internal 

frames of reference, helping people to remember concepts and definitions and to increase the 

likelihood that other people receiving the data will interpret them as intended by the sender. See 

also Figure 7. 

1.15 The infological equation 

In his seminal works on information systems during the 1960‟s, Börje Langefors summarised 

what we have discussed above in the so-called infological equation: 

 

• I = i(D, S, t) 

 

where 

 

• I is the information contents obtained by a human being 

• i is the process of interpretation and creation of meaning 

• D is the received data 

• S is the frame of reference, or accumulated knowledge, used by the interpretor 

• t is the time used for interpretation  

 

The last component of the equation, time, may require a further comment. The more time we 

spend on interpreting data, the better the interpretation will usually be. But time is limited. 

Sometimes it is more important to come to a decision quickly than possibly arriving at a slightly 

better decision (in some absolute sense) by spending more time on interpreting and analysing 

data. This phenomenon is referred to as “executive optimality”. 

1.16 Information and knowledge 

Information may be categorised in different ways, e.g.: 

 

 specific information: facts about specific objects 

 general information: rules, laws, theories 

 

Information may also be referred to as knowledge, especially larger sets of well integrated 

specific and general information. 
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1.17 Knowledge formation 

There are two typical processes for obtaining knowledge, induction and deduction. When using 

induction you go from specific observations to general conclusions. For example, if you see one 

raven after the other, and for each raven you observe that it is black, at some point you may 

conclude that all ravens are black, a general rule. 

 

When using deduction, on the other hand, you go from the general to the specific. For example, 

if you have learnt at school that all ravens are black, and you hear that somebody has seen a 

raven, you may conclude that the bird that the other person saw was black. If the other person 

then tells you that the bird was in fact white, you may conclude either that the bird was not a 

raven after all, or that the rule that you learnt at school was wrong, or at least has exceptions. 

1.18 Concept formation 

Information and knowledge is organised around concepts in the minds of people. It is debated 

whether some basic concepts are actually inherited, or whether they are all the result of 

observation and communication processes after you are born. Anyhow, concepts and their 

definitions are very important for our understanding of the world and society around us, and 

concepts may vary considerably between different societies and cultures. 

 

As human beings we form and modify concepts from the time we are born until we die. We do 

this by perceiving the world around us through our senses, and by trying to make sense of all 

these perceptions and observations. We also adjust and standardise our concepts in on-going 

communication with people around us, within the family, within the place where we live, the 

place where we work, and places we travel to and visit. 

 

Most people may not be able to define what they mean by, say, a dog, but they may still be very 

good and consistent about recognising something as a dog, when they see it. Why?  

Dogs have many things in common: head with nose, two ears, two eyes, mouth, body with four 

legs, tail; a dog barks now and then, ... But what if a dog has only three legs? We realise that it 

could be an exception because of accident or a disease, ... As human beings we are quite good at 

accepting, reconciling, and adjusting the concepts we use to such exceptions, without knowing 

exactly how we do it. Unfortunately, formal systems like computers and official statistics are not 

equally flexible. 

 

Similarly, we learn in interaction with our fellow human beings, what a colour is, and how to 

distinguish different colours from each other. We also combine simple concepts into more 

complex ones: for example, we combine “car” and “colour” into “the colour of a car”. 

 

Since statistics are data about the world around us, and the society we live in, it is extremely 

important that statistics are based upon concepts and definitions that are well understood and 

agreed upon by those who use and produce statistics. Otherwise there are risks of serious 

misunderstandings, confusions, and erroneous conclusions and decisions. 

 

In fact, concept formation in statistics often needs to be a little more precise, and more deeply 

considered than in casual communication, where you have better possibilities to interact and 

modify your statements, when you notice that what you say is misunderstood by others. The use 

of computers make it even more important to be very careful with concepts and definitions. 

 

Some concepts are very easy to agree upon, e.g. the concept of a person. A person is well 

defined by means of a lot of properties, and in a modern society a person may even be uniquely 

identified by means of an identification numer, a registration card, etc. Persons are also well 
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separated from each other, except possibly in the case of Siamese twins, and at least up to 

recently, it was not a great problem to determine when a person was born, and when a person 

died. 

 

However, many concepts used in a modern society are much more complex, abstract, and 

constructed than “natural” concepts like “persons”. Consider two simple examples: households 

(families) and enterprises (organisations). 

 

Intuitively, a household consists of a number of people who live together and share their daily 

lives to some extent, e.g. by having meals together. But what if one person in a household moves 

away for a shorter or longer time? Do the remaining persons still consitute the same household 

as before, only slightly changed as to its members, or is it a new household? And the person who 

moved away, does that person constitute a new household, possibly consisting of the person 

together with some other person(s), to whom the first person moves in? And if all or some 

members of a household moves to another place – under which conditions is it still the same 

household? If a household splits into two parts – are both parts new households, and what 

happened to the old household that existed before the split? How many successive, small 

changes can a household undergo, and still remain the same household? And if a household at a 

later time t2 is obviously quite a different household from the household that existed at an earlier 

time t2, for example because all the members are different, and they live in a different place, 

when exactly did the first household H1 cease to exist, and when did the second household H2 

come into existence, assuming that the tranformation from H1 to H2 took place in small, 

incremental steps, no single one of which seems to be fatal for the originally existing household? 

 

Similar problems as those pointed to above were discussed already by the old Greek philosopher 

Herakleitos. The philosophical problem is referred to as the problem of gene identity. 

 

Now let us consider the concept of an enterprise or an organisation. How is an enterprise 

defined, and how do we separate one enterprise from another one? Since many types of 

enterprises and organisations (but not all) have to be registered, an operational definition is to 

say that the enterprise is exactly that entity that is registered, the so-called legal unit. However, in 

statistics we are often more interested in enterprises and organisations in their role as the “home” 

of a set of more or less homogenous activities, with some kind of common goal, and being 

executed by some kind of staff, a number of persons working together. Statisticians are often 

interested to observe such enterprise objects, which are reasonably homogeneous as regards their 

kind of activities, location, etc, and to summarise the production, use of resources, number of 

employees, etc, over classification variables such as “kind of activity”, “kind of input resource”, 

“kind of output result”, “location of enterprise”, etc. Whether an enterprise consists of several 

legal units, or whether it is a part of a bigger legal unit is often not so important from a statistical 

point of view. 

 

In practice it is often very difficult to identify those ideal, homogenous enterprises, or parts of 

enterprises, that statisticians are interested in, and even more difficult to collect data from them, 

since those ideally defined enterprises do not exist as real-world entities, but only as abstractions. 

The activities performed in a certain location, by a certain legal unity, may be a mixture of 

different kinds of activities, and on the other hand, the same kind of activity may be performed 

by the same legal unit in different places. The book-keeping systems and reporting structures of 

an enterprise may not at all coincide with the ideal structure looked for by the statisticians, and, 

as a result, pragmatic compromises often have to be made in the collection of data for business 

statistics and national accounts. 
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1.19 Information systems and statistical information systems 

Similarly as information materialises through its data representations, an information system 

materialises through a data processing system, e.g. a computerised system for collecting, 

processing, storing, and disseminating data. Figure 8 illustrates how the information processing 

capabilities of human minds are enhanced by computer-supported information systems. 

 

Figure 8.  Information system enhanced by an associated data processing system. 

 

Information systems 

 

• capture data intended to represent, directly or indirectly, information stored in human minds 

• store and process data with or without help of computers or other technical tools 

• produce and communicate data that are interpreted into information by human minds 

 

Statistical information systems 

 

• capture, store, process, and communicate statistical data 

 

The conceptual distinction between “information” and “data”, as well as the between “informa-

tion (processing) system” and “data processing system”, should now be clear. However, it is not 

always easy to maintain the distinction consistently in everyday language. For example, when we 

say that “this book contains a lot of information”, we probably mean that a reader of the book 

will get a lot of information by interpreting the text, the data, that the book actually contains. 

 

Furthermore, especially in social sciences, the term “data” often means both “data” and “infor-

mation” at the same time. If a social scientist says that she has collected a lot of data about 
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elderly women, she does not only mean that a lot of data representations, data values, have been 

collected and stored, but she also implies that these data represent a lot of (factual) information. 

 

We have to live with this fuzziness of ordinary language, but we should be ready to explain 

exactly what we mean, if someone is in doubt – and if someone is in doubt, he or she should 

always ask for clarification. 

 

But always remember that we can never be sure that 

 

• different people interpret the same data in the same way 

• a receiver of data interprets the data as intended by the sender 

 

By extensive use of metadata, and by expressing the same message redundantly in many 

different ways, we may increase the likelihood that different people understand a message in the 

same way, and in the way intended by the sender. 

1.20 Operative and directive information systems 

We may distinguish between operative and directive information systems. Operative information 

systems are also referred to as administrative information systems, and directive information 

systems are also referred to as analytical information systems. Statistical information systems are 

examples of directive/analytical information systems. Cf also the distinction between administra-

tive registers and statistical registers. 

 

Typical tasks of operative/administrative vs directive/analytical information systems: 

 
OPERATIVE/ADMINISTRATIVE SYSTEMS 
  

DIRECTIVE/ANALYTICAL SYSTEMS 

Automating or supporting manual processes; 
often repetitive  

Supporting planning and control processes;  
often non-repetitive  

Supporting repetitive processes within a business 
function  

Supporting decision-making ad hoc  

Taking note of regular events (transactions, 
operative decisions); routine  

Supporting strategic decisions; non-routine  
 

Supporting a business process initiated by a 
customer until it is completed  

Supporting analytical activities, e.g. research and 
development  

 

Typical properties of operative/administrative vs directive/analytical information systems: 

 
OPERATIVE/ADMINISTRATIVE SYSTEMS 
  

DIRECTIVE/ANALYTICAL SYSTEMS 
  

Users and usages known at systems 
development time  

Users and usages partially unknown  

Information necessary for operative processes; 
must be provided despite costs  

Information improving the quality of directive 
processes; there is a trade-off between value 
and cost  

Repetitive usage Ad hoc usage  
Data collection well planned and an integral part 
of the system  

Combine available data from different sources  

Strong connections between collection and use of 
data  

Data are used for new purposes  

Users know the meaning and quality of data 
relatively well  

Metainformation has an important role  
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2 Data models 
In this chapter we will define and examplify different kinds of data models, e.g. conceptual 

models and relational data models.  

2.1 Modelling the concepts of a business and their relations 

Modelling the conceptual structure of a business or a (part of) a society will help to understand 

the business or society. It is called conceptual modelling, and the resulting models are called 

conceptual models, conceptual data models, or just data models. Such models will help to plan 

the information infrastructure and the information system applications that the business needs. 

 

We will use a simple example here, Rent-A-Video – a video-renting business, in order to 

introduce and explain the concepts and methods used in object-oriented modelling of business 

structures. It does not matter that the example is simple; it is still sufficiently complex for 

illustrating most problems that occur in a modelling situation of this kind. Businesses of larger 

complexity anyhow have to be broken down into sub-business of less complexity. This follows 

from the theory of unperceivable systems (Langefors). 

 

Which are the most important concepts of a video-renting business? Different people may 

answer this question in slightly different ways, but probably most of them would mention at least 

“video film” and “customer” as important object types in the business. They might also mention 

that these object types are related to each other in a certain way: a video film may be rented by a 

customer (see Figure 9). 

 

 

Figure 9. Video renting example, version 1. 

 

Already after this short discussion we have a rather good idea of the core of the business 

structure of a video-renting business. As the next step we may analysed the three basic concepts 

a little further. Let us start with the relation “IsRentedBy”. 

 

The relationship between two object types will belong to one of the following four categories: 

 

 one-to-one, symbolised by “arrow-to-arrow”:  

 one-to-many, symbolised by “arrow-to-fork”:  

 many-to-one, symbolised by “fork-to-arrow”:  

 many-to-many, symbolised by “fork-to-fork”:  

 

To which category does the relation “IsRentedBy” belong? The answer is determined by the 

following two questions: 

 

 How many customers can rent a video film at the same time? (One or more?) 

 How many video films can a customer rent at the same time? (One or more?) 

 

VideoFilm Customer

IsRentedBy

Rents
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The second question is the easiest one. The video renting business will allow customers to rent 

several video films at a time. Thus we get a fork where the “Rents” line hits “VideoFilm” (see 

Figure 10). 

 

Figure 10. Video renting example, version 2. 

 

The first question may seem to be equally easy to answer. Obviously one and the same physical 

video film can only be rented by one customer at a time? (If we accept this, there should be an 

arrow where the “IsRentedBy” line hits the “Customer” box in the figure above.) But what do we 

actually mean by “video film”? Do we mean the physical film copy, or do we rather mean the 

film title as an abstract piece of art, which in turn may be physically represented by one or more 

film copies?  

 

This is an example of a phenomenon that typically appears many times during conceptual 

modelling of a business. We have discovered a vagueness in a key concept, in this case the 

concept of a video film. There are different solutions to this problem. One solution is to agree on 

one of the two possible definitions of the concept. In the figure above we have settled on a 

VideoFilm to be a VideoCopy. 

 

Another solution is to replace what we first thought was one concept, “video film”, by two 

concepts, “film title” and “film copy”. We will choose the second solution here. Thus we will 

now have three object types in our model (see Figure 11). 

 

The relation IsRepresentedBy between FilmTitle and FilmCopy is “one-to-many”, since there 

may be several physical copies of one and the same film title, whereas every film copy will 

belong to one unique film title. The FilmTitle object type is a so-called abstraction of the 

FilmCopy object type. It represents everything that all physical film copies have in common. 

 

One can argue that there is also a IsRentedBy/Rents relation between FilmTitle and Customer. 

However, this relation is redundant (marked by a dotted line in the figure below), since it can be 

derived from this other relations according to the following formula: 

 

FilmTitle.IsRentedBy.Customer =def  

FilmTitle.IsRepresentedBy.FilmCopy.IsRentedBy.Customer 

 

Omission of derivable concepts in a graphical model will make the model easier to grasp. 

 

VideoFilm Customer

IsRentedBy

Rents



21 

 

 

 

Figure 11. Video renting example, version 3. 

 

 

 

Figure 12. Video renting example, version 4. 
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Figure 12 also shows another relation between FilmTitle and Customer, representing the 

possibility that a customer may reserve a video film that is not available for the time being. Such 

a reservation would apply to a film title rather than to particular copy of the film, and it would be 

“many-to-many”. This relation is not derivable. This example also illustrates the importance of 

having names for relations; if there are several relations between the same two object types, we 

would not otherwise be able to keep them apart. Even if there is only one relation between two 

object types, it is advisable to name them, since otherwise there are increased risks for different 

interpretations by different persons and at different times. 

 

The discussion above about FilmTitle and FilmCopy illustrates one aspect of defining an object 

type: distinguishing between related object types on different abstraction levels. Other examples 

of the same thing are: cars, car models, car types; products, product types; a person‟s education 

(taking place during certain years and resulting in certain marks) and an education as such (civil 

engineer, priest). 

 

There are many other aspects of defining object types, and there are certain “tricks” for finding 

particularly important aspects. One such “trick” is to ask what causes or constitutes the “birth” 

and “death” of objects belonging to a certain object type. For example, when does a customer 

become a customer of our Rent-A-Video business, and when does he or she cease to be a 

customer? Note that we do not necessarily mean the physical birth and death of the customer. 

We are rather looking for the answers to questions like: 

 

 When does a person become interesting for our business? 

 When does a person cease to be of interest for our business? 

 

Obviously, if a person rents a film, not being a customer already, he or she will become a 

customer. But may be would like to include potential customers, prospects, into our customer 

concept, so that we can direct marketing activities towards them? (What is then the criterion for 

being a potential customer?) On the other hand, when a person has not been an active customer 

for a very long time (how long?), maybe we would not like to regard that person as a customer 

any longer. 

 

Thus even if the natural birth and death of a person is relatively well-defined (with reservation 

for certain medical and ethical discussion during the last decades), the birth and death of person 

in his/her role vis-à-vis some kind of business (customer, patient, student, criminal) is not always 

quite obvious. Even more difficult questions occur, when an object is subject to substantial 

changes now and then without actually ceasing to exist; for example, a household that gains and 

loses members, a company that sells out part of its business, or merges with another company, or 

moves to another country, or changes its legal form. Is such an object the same object after the 

change, or is it a new one? The answers that we give to such questions may drastically effect our 

perception of the system under consideration. If we define objects in such a way that relatively 

small changes result the death of one object and the birth of another on, the system will appear to 

be very dynamic, and if we make our object definitions in the opposite way, the system will 

seem to be very stable. In reality, the system is actually the same, regardless of our definitions, 

but the definitions have the role of a pair of glasses, through which we see the reality. 

 

So far we have discussed the structure, the conceptual structure, of the business we are interested 

in, the so-called object system. We have defined the structure in terms of objects and relations 

between objects. This is in line with systems theory, which defines a system as consisting of 

parts and relations between parts. One reason for identifying the conceptual structure of a busi-

ness is that it gives us a possibility understand and analyse the business in a more efficient way. 
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When a business grows, it may become more complex, and a complex business may be difficult 

for the human brain to grasp. A complex business is thus an example of an unperceivable system 

(Langefors), and such systems must be broken down into subsystems in order to make it possible 

for human beings to manage them. The conceptual structure of the business in terms of objects 

and relations between objects, as discussed here, offers one possibility to break down a complex 

business into subsystems. Other possibilities to structure and analyse the business in a systematic 

way are discussed elsewhere in this book, e.g. the process structure and the goal structure of the 

business. All these methods facilitate, in different ways, the understanding, analysis, and 

management of a complex business. In certain situations one method may be superior to the 

others, but very often it is a good idea to use several structuring methods in parallel in order to 

obtain the advantage of looking at the same business from several perspectives, not to get stuck 

with prejudice. 

 

But the world is not structure only. First of all the term “structure” sounds very static. The object 

graphs that have been shown above admittedly give a static, “snap-shot” view of the business. 

However, we have already seen that, in order to get a good understanding of the meaning of 

certain objects, e.g. a customer, we need to study their birth and death dynamics. Thus, in 

addition to the static structure, we also have a dynamic structure of the business. 

 

Furthermore, in addition to structure there is contents. A naked tree in the winter is not very 

interesting. It is pure structure. But when the leaves are coming in the spring, the tree is struck by 

life, and as the seasons pass, colours change. The structure has become filled with living 

contents. 

 

The contents of an object graph are the properties of the objects. Figure 13 shows our Video 

business object graph after we have associated the objects with some properties. Properties are 

also called “variables” or “attributes”. More precisely expressed, variables (attributes) take 

values from value sets. For example, the variable “Category” of the object type FilmTitle may 

take values like “science fiction”, “detective story”, “comedy”, etc. 

 

Normally, a variable takes one unique value for a certain object instance at a certain time. 

However, there are multi-valued variables as well. In the example, the variable “Actor” will 

probably have several values for the same FilmTitle. This is marked by an asterisk (*) after the 

variable name in the object graph. 

 

Some variables are derivable from others. For example, the NumberOfRents and 

NumberOfCopies variables of the FilmTitle object type are derivable according to the following 

definitions: 

 

FilmTitle.NumberOfRents =def  

FilmTitle.IsRepresentedBy.FilmCopy.NumberOfRents.sum 

FilmTitle.NumberOfCopies =def  

FilmTitle.IsRepresentedBy.FilmCopy.count 
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Figure 13. Video renting example, version 5. 

 

So now we have an object graph reflecting both the structure and the contents of our Rent-A-

Video business. Is the model complete? It depends upon our intentions. We have certainly 

gained a better understanding of some very basic concepts in the business. This is good for the 

purposes of analysis and communication. But does the model help us to find better business 

solutions? That is more doubtful. Then we must consider the question of business objectives. A 

possible business objective is that we would like to improve the management of the renting 

operations of Rent-A-Video, that is, to obtain a more efficient control of who have borrowed 

which film copies, which rentals are overdue, etc. If we consider this objective, we will find that 

our model needs to be extended, because in the present model we cannot find the rentals that we 

want to keep track of. We have the customers, and we have the film copies, but the rentals are 

missing. 

 

We have something that comes close to the rentals in the object graph above, and that is the 

rental relation between customers and film copies. But we need to “objectify” this relation, so 

that we can talk about the rental as such, when it took place, for how long time it should last, etc. 

This has been done in Figure 14. 

 

 

Figure 14. Video renting example, version 6. 
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2.2 Transforming a conceptual model to a relational data model 

The information structure in Figure 14 is a good starting point for the design of an information 

system supporting the basic operations of the Rent-A-Video business. It would be appropriate to 

implement the model by means of a relational database with relational tables corresponding to 

each object type, each many-to-many relation, and each multi-valued variable in the information 

model. Many-to-one relations are represented by so-called foreign key columns in the relational 

table corresponding to the object type on the “many” side of the many-to-one relation. 

 

By following these simple rules we get the relational model shown in Figure 15. The relational 

model contains one relational table corresponding to each one the object types FilmCopy, 

Customer, FilmTitle, and Rental. The relational table corresponding to the object type Rental 

also corresponds to the object relation Rents/IsRentedBy.  

 

 

Figure 15. Relational data model for the video renting example. 

(Zoom in the electronic version of this figure to make it readable.) 

 

The multi-valued variable Actor of the object type FilmTitle is represented by its own relational 

table called ActorsInFilms, which contains one row for every valid Film/Actor combination as 

well as some information about which role the Actor plays in the Film. 

CopyNr Rented?FilmId

FilmId CopyNr CustomerId RentalNrRentals

FilmCopies

Name AddressCustomerIdCustomers

NumberOfRents

Rental

Date

Agreed

ReturnDate
Returned?

Actual

ReturnDate

Discount

FilmId Title Category Price Story
Agreed

ReturnDate
Returned?

Actual

ReturnDate

ActorNameFilmIdActorsInFilms ActorsRoleInFilm

FilmTitles



26 

 

 

The many-to-one relation Represents/IsRepresentedBy is represented by the foreign key column 

FilmId in the relational table FilmCopies. The many-to-one relation IsRentedBy/Rents could also 

have been represented by a foreign key column in FilmCopies, but it is already represented by 

the Rentals relational table corresponding to the Rental object type. 

 

Note the name convention here that plural nouns are used for relational tables, whereas singular 

nouns are used for object types. Thus the object type Customer is represented by the relational 

table Customers, etc. This convention can be traced back to the distinction between the intension 

and the extension of a concept. The intension of a concept is what it means, and the extension of 

a concept is its occurrences or representations in reality. The naming convention reflects the idea 

that an object type is primarily an abstraction of all objects that have certain properties in com-

mon, whereas a relational table contains representations of all objects belonging to an object 

type. 

 

A relational database implemented on the basis of the relational model above would be more or 

less non-redundant in the sense that each piece of information, each fact, about the business is 

stored in only one place. This minimises storage needs, but, more importantly, it facilitates 

updating. If you have redundancy in a database or in the information system of the company, 

seen as one integrated system, you will always run the risk that you will not update all 

occurrences of a certain fact, when the fact changes, and after such a mistake, the database or the 

information system will be inconsistent, which will often lead to severe consequences for the 

business. 

 

There are formal methods to ensure that a relational database is non-redundant. These methods 

are called normalisation techniques and are well described in the literature on the relational data 

model. By the method that we used above for constructing the relational model for Rent-A-

Video, starting from an object-oriented conceptual model, we got a relational model that was 

(almost) normalised without having to think too much about it. The only potential redundancies 

in the model are the columns corresponding to the following formally derivable variables: 

 

 FilmTitle.NumberOfCopies 

 FilmTitle.NumberOfRents 

 

However we may easily avoid these threatening redundancies by defining these columns as so-

called virtual columns, that is, they are derived automatically by the software, whenever they are 

needed; they are not stored physically in the database. 

 

Normalised relational databases are well suited for supporting the basic operational business 

processes, especially business processes that require fast and efficient processing of individual 

transactions. In the case of Rent-A-Video, a relational database may be used for  

 

 keeping track of films and film copies 

 keeping track of customers 

 keeping track of rentals: who rents this film? which films are rented by this customer? 

 keeping track of rentals that are over-due, sending out reminders to customers 

 

More and more companies are using computerised information systems not only for their basic 

operations but also for supporting more high-level, strategic processes. Such information systems 

are called directive information systems in contrast to the basic operational information systems. 
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Directive information systems are often used for providing decision-makers with the more or less 

formalised information, “facts”, that they need when they consider decision alternatives and 

finally make decisions. The role of formalised information may vary quite a lot, depending on 

the decision situation and, not least, on the personality of the decision-maker. However, in a 

country like Sweden there is a rather solid tradition among decision-makers and in the business 

culture that decisions should be rational and based on facts. This is even the case in situations 

where the decision-maker has already made up his or her mind on the basis of “guts feelings”. In 

other business cultures there may be an opposite business culture: even if the decision-maker 

uses facts, he or she would like to present the decision as the result of an enlightened moment of 

inspiration (from God, an oracle, or some other authority). Nevertheless, in most cultures 

formalised information has some role to play in decision-making. 

 

To a large extent the formalised information needed in high-level decision situations, and 

produced by directive information systems, has the character of statistical information, that is, 

summarised information about groups of objects, information about the development of a certain 

phenomenon over time, etc, usually presented in the form of graphs and tables. From a 

quantitative point of view, statistical processes reduce the information contents, but from a 

qualitative point of view they may drastically increase the usefulness of available information. 

For example, compare a listing of all the customers of a company, with all their characteristics, 

with a tabular or graphical presentation, where you can see the distribution of customers between 

a small number of important categories, depending upon what and how much they buy, where 

they live, etc. 

 

It follows from the discussion above that a directive information system must be able to support 

efficient processing of more or less complex statistical queries. The queries will often appear in 

an ad hoc manner, that is, they have not been planned in advance. There are of course certain 

types of queries that appear more regularly, e.g. the monthly report of the company, but many 

information requests are rather unique for the decision situation at hand. 

 

A normalised relational database is not ideal for supporting directive information processes. 

Instead it has become popular to organise so-called data warehouses as a basis for directive 

information systems. A data warehouse takes its input data from the operational information 

systems of the company, data which are available at no extra cost, and organises these data in a 

way better suited for statistical processes. In technical terms this may mean that we transform a 

relational data model into a so-called multi-dimensional model, or star model. 

 

As an example, consider again the business of Rent-A-Video. In the object-oriented conceptual 

model, as well as in the relational data model, there is basically a kind of network between 

nodes, where the nodes are object types or relational tables, respectively. Like in all networks the 

nodes are in a sense equal; there is no hierarchy between them. 

 

In a statistical process we focus on one object at a time. We select a population of objects of the 

same kind, and we count and summarise these objects and present the results of these 

calculations and analyses for the whole population and for a number of subcategories of the 

population. A typical structure for statistical information requests is shown in the table below. 
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The structure contains two examples, one from general population and income statistics for 

Sweden, and another one from our Rent-A-Video business example. 

 

Each statistical query puts one object type in focus. In the first example above it is Persons, in 

the other one it is Rentals. We arrange all other information that is relevant for the query around 

this focus object. The second example shows that this arrangement may require derivation of 

information from other objects that are related to the focus object in a more or less distant way. 

Thus FilmCategory (of Rental) requires a derivation via the object types FilmCopy and 

FilmTitle. 

2.3 Multidimensional models and star models 

So-called multidimensional models and star models are used for illustrating the above-mentioned 

structures and arrangements of information that are typical for statistical information managed 

by data warehouses and related software. 

 

Figure 16. Multidimensional structures – cubes. 

(Zoom in the electronic version of this figure to make it readable.) 

 

A multidimensional structure is spanned by so-called classification variables, or -variables, that 

is the variables that classify the population of objects into subcategories. In the second example, 

it is CustomerDiscountCategory and FilmCategory that make up the two dimensions that we 
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have in this case. The cells in a multidimensional structure contains the estimated values of one 

or more statistical measures applied to zero1, one, or more variables of the objects in the 

subcategory of the population corresponding to the particular cell in the multidimensional 

structure. 

 

Let us now consider the problem of transforming databases that are used for supporting operative 

business processes of a company into a data warehouse supporting directive business processes. 

This is also referred to as transforming the corporate data model into a warehouse data model. 

 

There are a number of considerations that have to be made in this transformation: 

 

1. Put one object type at a time in focus and arrange all relevant information around this object 

type in a multidimensional star model. 

2. Delete variables in the corporate data model that are not of interest in the warehouse model, 

typically variables that are needed in the support of operative business processes, but which 

are not of interest in strategic decision-making. 

3. Add derived variables that are often requested in strategic decision-making, e.g. counts and 

sums. 

4. Increase the granularity of certain variables, so that summarised data can be organised in 

fewer categories. 

5. Consider the management of time: snapshot data and historical data. 

 

We will discuss each one of these considerations in connection with our Rent-A-Video example. 

 

If we ask ourselves, which of the object types in the corporate data model of Rent-A-Video that 

are candidates for being in focus in strategic decision-making concerning the business, we might 

come up with three proposals: Customer, Rental, and FilmTitle. Information about all these three 

types of objects may seem to be of strategic interest, e.g. 

 

 Which films and categories of films seem to be most popular? 

 Which customers and categories of customers are most profitable? 

 What percentage of rentals are not finalised before the agreed return date? 

 

A closer analysis of typical directive information needs will show that most such requests could 

be served by a data warehouse based upon one single multidimensional star model, where the 

object type Rental is put in focus. Even information needs concerning films and customers (as 

those in the examples above) could be served by such a model, e.g. 

 

 Number of rentals by film category and customer category 

 

In general it is wise to look for object types that have a many-to-one relationship to as many 

other object types as possible, since such a structure will make it easy to organise a lot of 

information around this object type. In our example the object type Rental has a many-to-one 

relationship to all the other object types in the corporate data model. 

                                                 
1
 The frequency function count is a statistical measure with zero variable arguments. It can be said to operate 

directly on the counted objects, in contrast to sum, for example, which operates upon one quantitative variable of the 

objects. The statistical measure correlation operates on two variables at a time. 
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Are there any variables in the corporate data model that can be deleted when we transform to the 

warehouse model? Probably we do not need the names of customers, or the stories of films, for 

example. 

 

Are there derived variables that could be of such interest that they should be added to the model? 

For example, it may be useful to derive a variable “Delayed?” of Rental with the value “yes” 

when ActualReturnDate is later than AgreedReturnDate? After this derivation the two latter 

variables may even be deleted from the model. 

 

Now to the question of increased granularity. For directive purposes it seems to be possible to 

replace a customer‟s address by a cruder geographical category such as “area” or “region”, 

according to some natural subdivision of the city where the business is located and has its 

customers. 

 

Finally, we come to the most complex consideration – time. As long as we are running a data-

base only for the purpose of supporting operative business processes, we are typically only inte-

rested in a database that shows up-to-date information about the objects and the respective busi-

ness processes, that is, in our example we are interested in snapshot information about rentals, 

customers and films. In a warehouse developed for directive purposes we are also interested in 

historical developments and trends, either in the form of regularly series of regularly registered 

snapshots or in the form of a more or less continuous flow of registrations of events.2 In both 

cases the result will be an evergrowing database, from which historical situations and develop-

ments can be derived. 

 

Given the corporate data model and the warehouse model, the data warehouse is typically up-

dated from the operative databases at regular intervals, e.g. once a month, once a week, or once a 

day. What happens then if the status of, say, a customer has changed. Then we must make sure 

that the warehouse will contain information about both the old status, valid for the previous time 

interval, and the new status, valid for the next time interval. If the warehouse is implemented by 

means of relational tables, this means that the table corresponding to the particular object type, in 

this example the Customers table, must have a primary key consisting of “CustomerId” in com-

bination with “TimePeriod”. Other implementation alternatives would be to have separate rela-

tional tables, or separate columns in the same table, corresponding to different time periods.  

 

As a summary of the discussion above we present in Figure 17 a possible warehouse model for 

our Rent-A-Video business. 

 

                                                 
2
 If we compare the two time management strategies, the second one will make it possible to reconstruct all events 

and all changes that have ever taken place in the business as represented by the warehouse data model, and it will 

also make it possible to reconstruct the situation in the business at an arbitrary historical point of time. The first time 

management strategy, based upon snapshots taken at certain intervals, will only be able to give approximately 

correct descriptions of historical situations and developments. In a practical case, it may be desirable to have a 

model that combines (parts of) the two strategies, so that both snapshots and complete pictures of changes are 

supported. 
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Figure 17. A possible warehouse data model for Rent-A-Video. 
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3 Modelling official statistics 
 

A statistical system must be able to provide relevant information contents to its customers. 

But how can customers and designers of statistical systems find out and specify in a precise 

way, what is relevant contents, given often rather broadly and vaguely defined information 

needs. There are different approaches to this problem. One may distinguish between theory-

driven and data-driven approaches; see for example Hox (1997).  

 

Theory-driven approaches derive the desirable information contents from theories and 

analytical models based on these theories, for example the analytical models and 

macroeconomic theories behind the System of National Accounts (SNA). Theory-driven 

approaches are sometimes described as “top-down”. 

 

Data-driven approaches may take their starting-point from existing data within fields and 

sectors of society that are relevant to the customers of the statistical system to be designed. 

These data are carefully defined and described in descriptive data models. These models 

usually need to be further harmonised between themselves in order to become useful as 

subdomains of an integrated data model. Data-driven approaches are sometimes described as 

“bottom-up”. 

 

In practice it is both necessary and desirable to work both ways: top-down and bottom up. For 

a producer of official statistics it is anyhow important that the design of the contents of a sta-

tistical system results in an operational, descriptive model of the data contents of the system, a 

so-called conceptual model, or (conceptual) data model. We shall now take a quick look at a 

possible methodology and documentation format for such models. See also Sundgren (1973), 

Rosén&Sundgren (1991), Sundgren (2005), Sundgren (2006), and Sundgren (2007). 

3.1 A data-driven methodology for designing the contents of 
a statistical system 

Official statistics are often categorised into different domains, also called topics or subject 

matter areas, and statistical agencies are often organised in stovepipes based on these 

domains. Examples: Population, Education, Health, Law, Labour Market, Business Activities, 

Housing and Construction, Agriculture, Energy, Transports, Environment, National Accounts, 

Financial markets, Trade. 
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Figure 18. A statistical cube based on observations of trade transactions. 

(Zoom in the electronic version of this figure to make it readable.) 

 

On a general level all official statistics are 

  

 estimated values of parameters of populations of objects (statistical units)  

 

where the parameters are  

 

 summarised (aggregated) values of variables of the individual objects in the populations  

 

Regardless of subject matter domain, a statistical agency counts the objects belonging to a 

certain population and summarises the values of one or more variables of the objects in the 

population, using some aggregation function like “sum”, “average”, or “correlation”.  

 

Very often the population (e.g. a population of Persons) is broken down into subpopulations, 

or domains of interest, by crossclassifying the objects in the population by means of a number 

of classification variables (e.g. Sex, Region, AgeGroup). Data about the population and its 

subpopulations may be thought of as belonging to cells in a multidimensional cube, a 

hypercube, where the dimensions of the hypercube are spanned by the classification 

variables defining the subdomains of the population, and where the cells contain estimated 

values of the parameters for the respective subdomains obtained by crossclassifying the 

population, corresponding to the whole cube. See Figure 18. Sundgren (2001) describes and 

explains this so-called -model of multidimensional statistical data. 

 

A user of official statistics may not be able to state exactly which parameters of which 

populations he or she is interested in, but faced with a short list of object types (or types of 

populations), and/or topics, and/or parameters/variables, he or she may be able to select a 

subset of official statistics of potential interest by selecting, step by step, a subset of object 

types (populations), variables, and parameters. 
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In order to provide a user with short lists of object types and variables as a starting-point for 

the user‟s “drill-down” operations, we must be able to give an overview of the contents of 

statistics in terms of a small number of concepts. 

 

The populations occurring in official statistics are based upon a number of basic object types. 

Some of these object types may be described as (conscious) actors, objects that are capable of 

purposeful acting, e.g. persons and organisations (enterprises). Other objects are acted upon 

by the actors but are not capable of purposeful acting themselves, e.g. natural resources, 

products, assets; a common label for basic objects of this kind is “things” (in a broad sense) 

or utilities. 

 

All actors may be counted in a straightforward way. Many utilities are also countable, e.g. 

buildings and vehicles, so-called cardinal utilities, but there are also utilities like oil and other 

substances, wealth, health, etc, which may not be counted but possibly measured in other 

ways, e.g. by volume, weight, or value; the latter kinds of utilities are non-cardinal or 

collective utilities. 

 

In addition to the basic object types there are different kinds of complex object types that are 

counted and/or measured in official statistics. Complex objects involve one of more basic 

objects. For example, an event, like a road accident, may involve one or more persons and one 

or more vehicles. A trade transaction will involve a seller, a buyer, and a product. An employ-

ment relationship (or event) will involve a person and an organisation. Etc.  

 

Complex object types may usually be categorised as events/transactions (instantaneous, 

without time extension) or relationships/processes/activities, lasting for a certain time 

period, delimited by a “begin time” and an “end time”, often associated with a “begin event” 

and an “end event” respectively. 

 

Let us take a system for population statistics as an example; see Figure 19. Such a system 

may contain censuses as well as population registers and population surveys. Figure 19 

visualises the data contents of the system. The model contains four major types of objects, or 

statistical units: Person, Household, PersonEvent, and Dwelling. These four object types 

belong to three main categories defined above: actors (to the left in the figure), “things” or 

utilities (to the right in the figure) and events (in the middle of the figure), relating actors and 

“things”/utilities to each other. 

 

On the basis of the simple model in Figure 19 many hypercubes of aggregated statistics may 

be defined, covering all kinds of population statistics, e.g. “average(Income) of Persons in 

Sweden by Sex and AgeGroup”. Each cube is defined by putting exactly one of the object 

types in the basic model in focus, e.g. Person, and by selecting variables for dimensions, e.g. 

Sex and AgeGroup, and parameters, e.g. income, associated with the data in the cells in the 

hypercube. 
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Figure 19. Population statistics: a basic model. 

 

All objects are described by means of variables. Some variables are classification variables, 

e.g. “Sex of Person”, others are summation variables, e.g. “Income of Person”. By using the 

relations between the objects, one may define derived variables (adjoined variables) such as 

“DwellingSize of Person” = “Size of Dwelling of Residence of Person”. By using summation 

operators on summation variables, one may derive estimates of parameters of populations or 

domains of objects of a certain type, e.g. “average(Income of Persons)”. The two types of 

derivations may also be combined, even repeatedly and recursively.  

 

 

Figure 20. Generic model of the contents of a system of official statistics. 

 

Figure 20 is a generalisation of Figure 19. Actually the contents of all branches of official 

statistics can be expressed as specialisations of this generic model. This thesis has been 

verified in a large number of practical examples, and no counter-examples have been found. 

 

Figure 21 provides a conceptual model developed in a project at UNESCO. It covers all 

education statistics produced by UNESCO on the basis of education data from UNESCO 

member states. 

 

Figure 22 provides more examples of schematic conceptual models for a number of domains 

that are typical for official statistics on both national and international level. Further examples 

can be found in Sundgren (2005), Sundgren (2006), and Sundgren (2007b). 
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Figure 21. A conceptual model of education statistics collected and produced by UNESCO. 
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Health statistics. 

 

 
 

Labour market statistics. 
 

 

 
 

Housing and construction statistics. 

 

 
 

Transport statistics. 
 

 

 
 

Business statistics. 
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Trade statistics. 

 

 
 

National accounts. 
 

Figure 22. Examples of schematic conceptual models for domains of official statistics. 

(Zoom in the electronic version of this figure to make it readable.) 
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3.2 Zooming in the statistical reality from a helicopter 
perspective 

Imagine that you are hovering in a helicopter over the world seen through the glasses of 

official statistics. Or imagine that you have a tool corresponding to Google Earth at your 

deposal to get overviews and zoom in at interesting parts of the statistical reality. Until we 

have such tools available we could do a lot with simpler surrogates. Figure 23 provides an 

overview of the world in terms of the simple basic concepts introduced above. 
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   □ Institution 
   □ Establishment 
 
□ BusinessActor 
   □ Producer 
   □ Seller 
   □ Buyer 
   □ Provider 
   □ Customer 
   □ Subject 
   □ CounterSubject 
   □ Owner 
   □ Possessor 
   □ Employer 
   □ Employee 
 

 
□ Topic: Population 
   □ ActivityRelationEvent 
 
□ Topic: Education 
   □ ActivityRelationEvent 
 
□ Topic: Health 
   □ ActivityRelationEvent 
 
□ Topic: Law 
   □ ActivityRelationEvent 
 
□ Topic: Labour Market 
   □ ActivityRelationEvent 
 
□ Topic: Business Activities 
   □ ActivityRelationEvent 
 
□ Topic: Housing and Construction 
   □ ActivityRelationEvent 
 
□ Topic: Agriculture 
   □ ActivityRelationEvent 
 
□ Topic: Energy 
   □ ActivityRelationEvent 
 
□ Topic: Transports 
   □ ActivityRelationEvent 
 
□ Topic: Environment 
   □ ActivityRelationEvent 
 
□ Topic: National Accounts 
   □ ActivityRelationEvent 
 
□ Topic: Financial markets 
   □ ActivityRelationEvent 
 
□ Topic: Trade 
   □ ActivityRelationEvent 
 

 
□ NaturalResource 
   □ Land 
   □ Mineral 
   □ Oil 
 
□ CardinalResource 
   □ Locality 
      □ RealEstate 
         □ Building 
             □ Dwelling 
   □ Vehicle 
 
□ Product 
   □ Commodity 
   □ Service 

 
□ AccountingItem 
   □ CashFlowItem 
   □ ResultItem 
   □ BalanceItem 

 
□ WelfareItem 
   □ Education 
   □ Health 
   □ Wealth 
   □ Security 
 

Figure 23. Official statistics from a helicopter perspective. 
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Given the simple overview, a user may zoom in some part of it. This may be done by 

checking certain object types in each one of the three columns of Figure 23. These crude 

object types would then expand into more concrete and precisely defined subtypes. Zooming 

one step further, a list of variables would also be presented for the selected object types, and 

some of these variables may be checked for selection. Cf techniques like “query by example”, 

proposed by Zloof (1975) and used in query languages like Microsoft Access.  

 

By right-clicking an object type or a variable, one would get associated metadata, e.g. 

definitions of object types and variables. Going further one could be referred to databases 

containing statistical data (microdata and/or macrodata) about the selected part of reality, as 

well as more detailed metadata and quality declarations associated with the surveys, registers, 

etc, from which the data emanate. See also Sundgren (2006).  

3.3 Contents By Example (CBE) 

Contents By Example (CBE)3, as proposed here, is a technique for 

 

 giving an overview of the contents of available official statistics (microdata and 

macrodata) 

 

 allowing a user of official statistics to select a subset of available official statistics that he 

or she would like to investigate further, e.g. by 

- selecting object types of potential interest 

- opening lists of available variables for selected object types 

- opening lists of available value sets (classifications) for selected variables 

- getting definitions and explanations by moving the cursor over terms used on the 

screen 

- drilling down for more metadata, also about underlying survey processes, by right-

clicking terms and selecting from lists of available metadata and metadata links 

- selecting time intervals and populations of interest 

 

Once again, as often as the user wants to know more about a certain concept (e.g. an object 

type, a population, or a variable), he or she should be able to “right-click” on the 

representation of the concept and get associated metadata directly, or indirectly through 

chains of dynamic links. 

 

Figure 24, Figure 25, and Figure 26 provide three examples of how a data set (microdata or 

macrodata) could be selected in a very intuitive way. In the first example the user indicates 

(by #) that he or she wants to count Births of Persons. The count should be broken down 

according to the Person‟s Sex and HomeLocation (the latter variable is made more precise by 

qualifying it by means of a certain RegionalCode, presumably a standard classification). 

Furthermore, the count should also be broken down by the Age of the Person‟s Mother 

according to a certain AgeGrouping (probably also a standard classification, otherwize it has 

to be separately defined by the user, who may be promted to do so). 

 

In the second example it is Migration events that are counted, crossclassified by the Migrant‟s 

Sex, Age, and Occupation, as well as by the respective Localities from and to the Migrant 

moves. 

                                                 
3
 Cf Query By Example (QBE) in relational database theory; Zloof (1975). 
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In the third example, it is the average Income (marked by an m in front of the Income label) 

of a population of Persons that is requested, and the figure should be broken down by the 

Person‟s Sex and Education. 

 

In all three examples the population could be more precisely defined by adding properties to 

the population object type selected, and the user could be interactively assisted in doing this. 

Furthermore it should be noted that microdata could have been requested (instead of 

macrodata) just by avoiding marking any variable by a summarising function (like # or m). 

 

 
 
 
 x Person 
   x Sex 
   □ Age 
   x HomeLocation 
      .RegionalCode 
   □ WorkLocation 
   □ MaritalStatus 
   □ Income(byKind) 
   □ Wealth(byKind) 
   □ EducationLevel 
   □ Occupation 
 
□ Household 
   □ Size 
   □ HomeLocation 
   □ Income(byKind) 
   □ Wealth(byKind) 
 
 

□ Topic: Population 
 
# Birth[x Person] 
   x AgeOfMother.AgeGrouping 
 
□ Death[Person] 
 
□ GetMarried[Person, Person] 
□ GetDivorced[Person, Person] 
 
□ Membership[Person, Household] 
□ MarriedTo[Person, Person] 
□ ChildOf[Person, Person] 
 
□ Residence[Person, Locality] 
□ Commute[Person, Locality.From, Locality.To] 
□ Migration[Person, Locality.From, Locality.To] 
   □ Immigration[Person, Country.From, Locality.To] 
      □ BirthCountry 
   □ Emigration[Person, Locality.From, Country.To] 
      □ BirthCountry 

 
□ Locality 
   □ Location 
   □ RealEstate 
      □ Building 
          □ Dwelling 
 

Figure 24. Example 1 of a selected data set: Number of births by sex and home location of the 

child and age of the mother. (4-dimensional frequency macrodata – cf underlying microdata.) 
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x Person 
   x Sex 
   x Age.AgeGrouping 
   □ HomeLocation 
   □ WorkLocation 
   □ MaritalStatus 
   □ Income(byKind) 
   □ Wealth(byKind) 
   □ EducationLevel 
   x Occupation 
      .OccupationCode 
 
□ Household 
   □ Size 
   □ HomeLocation 
   □ Income(byKind) 
   □ Wealth(byKind) 
 
 

□ Topic: Population 
 
□ Birth[Person] 
   □ AgeOfMother 
 
□ Death[Person] 
 
□ GetMarried[Person, Person] 
□ GetDivorced[Person, Person] 
 
□ Membership[Person, Household] 
□ MarriedTo[Person, Person] 
□ ChildOf[Person, Person] 
 
□ Residence[Person, Locality] 
□ Commute[Person, Locality.From, Locality.To] 
# Migration[x Person, x Locality.From, x Locality.To] 
   □ Immigration[Person, Country.From, Locality.To] 
      □ BirthCountry 
   □ Emigration[Person, Locality.From, Country.To] 
      □ BirthCountry 

 
 xx Locality 
   □ Location 
      .RegionalCode 
   □ RealEstate 
      □ Building 
          □ Dwelling 
 

Figure 25. Example 2 of a selected data set: Number of migrations by sex, age, and 

occupation of migrant and place moved from and to. (5-dimensional frequency macrodata.) 

 
 
 
x Person 
   x Sex 
   □ Age 
   □ HomeLocation 
   □ WorkLocation 
   □ MaritalStatus 
  m Income(byKind) 
   □ Wealth(byKind) 
   x EducationLevel 
   □ Occupation 
 
□ Household 
   □ Size 
   □ HomeLocation 
   □ Income(byKind) 
   □ Wealth(byKind) 
 
 

□ Topic: Population 
 
□ Birth[Person] 
   □ AgeOfMother 
 
□ Death[Person] 
 
□ GetMarried[Person, Person] 
□ GetDivorced[Person, Person] 
 
□ Membership[Person, Household] 
□ MarriedTo[Person, Person] 
□ ChildOf[Person, Person] 
 
□ Residence[Person, Locality] 
□ Commute[Person, Locality.From, Locality.To] 
□ Migration[Person, Locality.From, Locality.To] 
   □ Immigration[Person, Country.From, Locality.To] 
      □ BirthCountry 
   □ Emigration[Person, Locality.From, Country.To] 
      □ BirthCountry 
 

 
□ Locality 
   □ Location 
   □ RealEstate 
      □ Building 
          □ Dwelling 
 

Figure 26. Example 3 of a selected data set: Average income of persons by sex and education 

level. (2-dimensinal summarised macrodata.) 
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4 Metadata and documentation 
Metadata, documentation, and quality are three closely related topics. A documentation of a 

statistical system (for example a survey, a register or a database) will contain descriptions of 

the system and its component processes and data. To the extent that the descriptions describe 

data, directly or indirectly (via the processes producing or using the data), the descriptions 

may be regarded as metadata, data about data.  

 

Metadata may be more or less structured. Some authors consider only structured metadata as 

metadata, but in fact even unstructured metadata, such as verbal descriptions in a natural 

language, may also fulfil the conditions for being metadata, data about data. 

 

Metadata may be intended for human users, or for software, or both. Typical examples of 

metadata intended for human users are descriptions of the meaning and contents of data. 

Software products will need metadata describing the formalities of data, such as storage 

format and size of data representations of variables in a file or a database. 

 

Among other things, metadata and documentations may describe the quality of data. Data 

quality in general, and quality of the data in statistical systems in particular, is a multifaceted 

concept, covering quality dimensions such as relevance, accuracy, timeliness, clarity, 

comparability, and coherence, to be further discussed in the next chapter of this book. 

4.1 Users and usages of statistical metadata 

Statistical metadata are needed for a number of purposes, oriented towards the needs of users 

and producers of statistical data, designers and evaluators of statistical systems, respondents, 

managers, and funders. 

 

We will discuss the needs for statistical metadata for the following users and usages: 

 

• Users of statistical outputs 

• Producers of statistics operating and monitoring statistical systems 

• Software supporting statistical processes 

• Respondents and data providers 

• Planners and evaluators of statistical systems 

• Highlevel managers and funders of statistical systems 

• Researchers on statistical systems 

4.1.1 Users of statistical outputs 

The main purpose of statistical metadata is to inform users of statistical data about 

 

- which statistical data are available 

- where to find and how to retrieve certain statistical data that they need 

- how to interpret statistical data, once they are available 

 

Thus users of statistical data are also the main users of statistical metadata. There are many 

categories of users of statistical outputs, and they have different and sometimes metadata 

needs, reflecting their resources (competence, time, and money) and the purposes for which 

they use statistical data. The users of statistical outputs include researchers, analysts, ministry 

experts, users from international organisations and other producers of statistics, journalists, 

politicians, students, and the public at large. 
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The requirements on metadata will vary from user to user. Some users prefer more structured 

metadata than others. Professional users of statistical data may need more detailed and precise 

metadata, but on the other hand they usually have good background knowledge, which helps 

them to interpret data and metadata in a correct way. Casual users may not need metadata 

with the same precision, but on the other hand it is important for them that metadata are 

presented in such a way that they interpret the data correctly, at least by and large, although 

their background knowledge may be rather superficial. Some users have plenty of time, 

whereas others have to digest data very quickly. Thus user requirements on metadata are 

different and sometimes even contradictory. This has to be taken into account when designing 

metadata and metadata systems. 

Use cases 

Use cases is a method for analysing user requirements on an information system. We will use 

three use cases here in order to illustrate the metadata needs in some typical situations.  

 

Use case 1: The user has a problem but does not know which relevant statistical data are 

available. 
 

1. The user tries to find statistical data that are possibly relevant for the problem by using 

available search tools and metadata. 

2. The user identifies some data sets that may possibly contain some relevant data and asks 

for more detailed information about these data: contents, storage, and availability. 

3. The user retrieves certain statistical data. 

4. The user interprets and analyses the data, guided by metadata and documentation 

accompanying the data. 

5. The user may return to one of the earlier steps. 

 

Use case 2: The user has a recurrent problem and knows which relevant statistical data are 

available. 

 

1. The user wants fast and simple access to the data of interest. Preferably the statistical 

system should already know about the user‟s regular requests, and the user will select one 

of these request types, e.g. from a list, and maybe add some parameters concerning time 

version etc. 

2. The user receives the requested data with (links to) associated metadata. 

3. The user interprets and analyses the data. 

4. The user may return to step 1 (for another regular request) or move to Use case 1 for some 

more unique request, triggered by the analysis of the regular request. 

 

Use case 3: The user is engaged in an on-going process (like doing business on the stock 

market) and wants to be alerted when new statistical data of a certain kind become available. 

 

1. The statistical system signals to the user, when new data of the requested kind becomes 

available. Deviations from the expected are clearly indicated. 

2. The user acts on the statistical data received, possibly after some further analysis (assisted 

by metadata and tools) and some further request for other statistical data. 
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4.1.2 Producers of statistics  

An important category of users of statistical metadata are the producers operating and 

monitoring the statistical production processes. Documentation will help the producers to 

remember, what to do, and how to do it. When new employees are to be introduced, this kind 

of instructional metadata will be particularly important. Checklists are always a good tool for 

maintaining high quality in operations, even when the staff is experienced. 

 

Ideally statistical production processes will generate metadata about their own performance, 

so-called process data, which will give the producers feed-back information about 

malfunctions and inefficiencies. Whenever producers are alterted about errors and suboptimal 

performance, they may be respond promptly by means of corrective actions. 

 

A certain amount of maintenance work is often performed as a more or less integrated part of 

the operation and monitoring of a statistical system. Even small changes in a working system 

may require good documentation, and furthermore, however small the changes are, they must 

themselves be documented and entered into an updated version of the system documentation. 

Ideally the routines for maintenance of statistical systems should be designed in such a way 

that it is impossible to change the system without changing the system documentation at the 

same time. This is the case for so-called metadata-driven systems (see below). 

4.1.3 Software supporting statistical processes 

Human operators of statistical systems are supported by computerised processes. These 

processes will also need metadata, typically metadata of a highly structured and formalised 

character. The purposes of these metadata are the same as for the human operators: to make 

sure that the processes work according to predefined specifications, and that they work 

correctly and efficiently. The computerised processes should be designed so as to produce 

process data about their own performance, and the process data should be fed back both to the 

human operators and to the computerised processes themselves. In the latter case, the 

computerised processes may automatically regulate and adjust their behaviour. 

 

Usually metadata used by computer software need to be more structured and formalised than 

metadata used by human beings. Sometimes, however, the same metadata, e.g. text labels, 

may be used both by human beings and by software. 

Metadata-driven systems 

A computer program executing a process may get the data and metadata it needs either from 

within itself or from external sources, e.g. external databases. In the latter case the databases 

may be maintained more or less independently of the programs accessing its data/metadata. 

Independence between programs and the data/metadata they need is typical for so-called 

metadata-driven systems, and this characteristic is important for flexibility, security, and 

efficiency of all kinds of information systems, including statistical systems. 

 

When a process in a metadata-driven system needs data and metadata, it will dynamically 

access sources, where data/metadata are kept up-to-date by other processes. Furthermore, no 

process will be able to update data without updating metadata at the same time.  

 

By using metadata actively for “driving” production processes, these processes are controlled 

in a more automatic and flexible way; it will not be possible to execute such a process, unless 

appropriate metadata are available, and on the other hand, if the input data and metadata are 
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for some reason changed (within permitted limits), the processes will adapt automatically to 

these changes. 

 

Thus a well designed computerised statistical production process will 

 

 be dynamically driven by up-to-date metadata, managed by separate processes 

 automatically generate process data about its own performance 

 feed back the process data into itself, regulating its own behaviour, when needed 

 feed back adequate process data to human beings monitoring the process 

 

Well designed and systematic use of process data and other statistical metadata may do a lot 

for promoting the quality and efficiency of statistical production processes.  

4.1.4 Respondents and data providers 

Respondents and data providers, too, have some important metadata needs. Metadata can be 

used for explaining the purposes of a statistical survey, in order to motivate respondents to 

participate, as well as for giving instructions about how to complete questionnaires and 

provide data. 

 

For example a respondent may need answers to questions like: 

 

 For a new survey: Why is this survey important? Who are the intended users, and what do 

they need the statistical data for? 

 For a repeated survey: Why is this survey important? Who are the actual users, and what 

do they use the statistical data for? How much are the statistical data used? 

 Why do you have to ask for these data? Aren‟t there similar data available already, for 

example from administrative systems? 

 How can I be sure that my data do not get into the wrong hands? How are data protected 

during the statistical processes? 

 Who will get access to my data? Are there others than researchers and analysts, who will 

get access to the data? For what purposes, and how, will researchers and analysts get 

access to microdata? Will the data be anonymised? 

 Couldn‟t I be harmed even if you publish only aggregated statistics? What if I belong to a 

group, where almost all members turn out to have some sensitive property? How do you 

protect against inadvertent or even false disclosures? 

 Our company is the only one of its kind in our country. We do not want our competitors 

abroad to get data about us simply by reading official statistics. How do you handle that 

problem? 

 Will I get any useful or interesting feedback from this survey? 

 Can I provide my answers via the Internet? 

 I have a system in my company that contains the data (more or less) that you ask for. 

Could you give me some advice about how to interface my system with yours? 

 

A respondent struggling with a questionnaire may ask the following questions: 

 

 How should I answer this question? What do they mean by “xxx”? 

 If I do not know the exact answer, should I make a guess or leave it out? 

 The system tells me my answer is “wrong” or at least “not reasonable”. But I know that it 

is the correct answer. What should I do? Have I misinterpreted the question? 
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 When do I have to deliver the answers? What will happen if I am late? 

4.1.5 Planners/designers and evaluators of statistical systems 

Planners and evaluators of statistical systems are interested to obtain metadata about similar 

systems, from their own office or from other offices, when they design, construct, and 

implement a new system. For already existing systems under their responsibility they are 

interested to obtain feed-back about the performance (qualities and costs), usage, and user 

satisfaction. 

 

Designers and developers of a statistical system need information about 

 

 how similar systems have been designed in the past, here or elsewhere 

 which observation data are already available, and how these data can be obtained 

 which methods, tools, and software components are available, and how they can be used 

 

The evaluation and maintenance of a statistical system requires 

 

 detailed, up-to-date documentation of the present system 

 well planned feed-back information, both formal and informal, concerning both the 

production parts and the usage parts of the statistical system 

 experiences from similar systems here and elsewhere 

 knowledge about methods, tools, and software components 

 special evaluation studies performed on an ad hoc basis 

4.1.6 High-level managers and funders of statistical systems 

On a higher level, managers and funders of statistical systems will be interested to learn about 

costs and the benefits. To what extent do users actually use the statistical outputs, and are they 

satisfied with the qualities of the data as regards contents, accuracy, timeliness, availability, 

comparability, coherence, etc? Are there complaints from respondents, and how much unpaid 

work will they have to do?  

 

Independent evaluators may be hired to help in giving answers to these questions, and they 

will need metadata of good quality in order to fulfil their tasks. Routinely produced feedback 

data from both production and usage processes are important as a basis for evaluations. 

4.1.7 Researchers on statistical systems 

It is debatable whether there is, at present, an established science of statistical systems. 

However, national statistical offices, and other producers of statistics, e.g. commercial 

statistical institutes, would clearly benefit from the existence of such a science. 

 

A science of statistical systems would have to be interdisciplinary. Statistics production 

obviously requires a good understanding of statistical methodology, as taught by statistical 

departments at universities, but that is not enough. Modern statistics production involves 

advanced information technology and methods taught by departments of information 

management, information systems, and computer science. Furthermore, scientific studies of 

statistical systems would also need contributions from behavioural and economic sciences as 

well as from other disciplines. 
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Now, what kind of metadata would researchers of statistical systems need? Actually they 

would require similar kinds of metadata as designers and methodologists in statistics-

producing organisations – especially designers and methodologists who work on a more 

global level, and not only with individual surveys and production systems in mind. 

 

In particular they would need easy access to well organised 

 

 general knowledge about statistical systems and statistics production, e.g. recognised 

theories and methods, standards like “current best methods” and “current best practices” 

 specific knowledge, experiences, about “how things are done” in different statistical 

organisations 

 process data about costs and different aspects of quality in statistical processes performed 

by statistical organisations 

4.1.8 Summary of needs for statistical metadata and documentation 

In short summary then, we have identified the following main kinds of metadata and 

documentation needs for the different stakeholder categories: 

 

 Users of statistics need good metadata in order to identify, locate, retrieve, interpret, and 

analyse statistical data of relevance for their primary tasks. 

 

 Producers/operators of statistical systems need metadata for the same purposes, but also 

for executing and monitoring the production processes properly, and for training new staff 

members. 

 

 Producers/planners of statistical systems need metadata for designing, constructing, and 

implementing statistical systems. 

 

 Respondents need metadata in order to understand why their participation in a survey is 

needed and for interpreting the meaning of the questions to be answered.  

 

 Managers need metadata in order to evaluate different aspects of statistics production, 

including aspects of production efficiency, user satisfaction, and acceptance by 

respondents.  

 

 Funders have similar needs as managers but on a more global level. They also need meta-

data that help them to balance the needs for statistical information against other needs that 

they have. 

 

 Researchers in statistical systems need well organised and systematised metadata 

(including process data) about how statistical systems are designed and how they perform, 

to be combined with existing knowledge about relevant theories and methods. 

 

 In addition, software products and computerised data processing systems used in 

production and usage of statistics need metadata in order to function properly. They 

should also generate process data which will help to regulate the performance of human 

and computerised processes. 
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4.2 What should statistical metadata inform about? 

Statistical metadata should, firstly and lastly, inform about statistical data: microdata in obser-

vation registers and macrodata in statistical databases. Thus the most important metadata 

object type in a statistical system is any kind of statistical data collection containing microdata 

and/or macrodata that is organised and preserved for current and future use. Statistical meta-

data should inform about contents- and quality-oriented, technical, and other aspects of 

statistical data.  

 

Like other data, metadata may be structured according to the objects and the properties of 

those objects that they inform about. The objects that metadata inform about are called 

metadata objects, or metaobjects, and the properties of the metaobjects are called 

metaproperties. Like other properties, metaproperties may be structured into variables, 

metavariables, which have certain values for certain objects. Metavariables may be grouped 

into metatopics, topics that metadata inform about, e.g. the storage or contents of data. 

 

Metadata objects are carriers of metadata. Metadata objects, together with the metadata that 

they are carriers of, are called metadata resources. 

 

The concept of metadata is usually interpreted so as to include not only (a) metadata that 

directly and explicitly describe data, but also (b) metadata that describe the processes behind 

the data, as well as (c) the resources needed by these processes; the last category of metadata 

includes metadata that may also be classified as management data, data that are needed for 

the management and administration of statistical systems and statistical organisations, e.g. 

data about costs and benefits, cost-effectiveness, satisfaction and complaints. 

 

There are good reasons for this relatively wide definition of the metadata concept. As we have 

already mentioned a couple of times, it may sometimes be necessary to go back to the pro-

cesses and procedures behind the statistical data in order to get a full understanding of the 

meaning and quality of the data. It may even be necessary to go one step further, to the instru-

mental resources used by the processes and procedures, e.g. a questionnaire or a classification 

used by a measurement procedure, or a register used as a sampling frame or data source. 

 

Thus, in summary, there are three major categories of metadata objects: 

 

1. statistical data and associated concepts 

2. statistical systems and processes and associated procedures 

3. instrumental resources enabling production and usage processes 

 

Data and accompanying metadata occur and are transformed in typical ways during the main 

stages of a statistical production process. Figure 27 shows the four major stages 

schematically: 

 

• The raw data stage 

• The observation register stage 

• The statistics stage 

• The end-product stage 
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Figure 27. Four main stages during the lifecycle of statistical data and metadata. 

 

Figure 28 gives a concrete example of interfaces, data formats, and metadata resources used 

at Statistics Sweden at a certain time. 

 

 

Figure 28. An example of fundamental interfaces, documentation objects, and metadata 

resources in a statistical production process with its typical data/metadata life cycle. 

(Zoom in the electronic version of this figure to make it readable.) 

 

4.2.1 Metadata about statistical data (micro, macro, meta) and 
associated concepts 

Metadata about microdata and associated concepts 

Microdata collections in files, registers, and databases may be thought of as organised in data 

maxtrixes (or relational tables), where the rows correspond to objects, the columns correspond 

to variables, and each cell contains a value of a certain variable for a certain object. An 

example is shown in Figure 29. Figure 30 shows the general structure of a data matrix. 

RAW DATA
OBSERVATION

REGISTER

STATISTICS

DATABASE
END-PRODUCT
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Figure 31 shows a general conceptual model for data matrixes, a so-called metadata model. 

 

Figure 32 shows the MicroMeta conceptual metadata model METADOK used by Statistics 

Sweden. Figure 33 shows the MicroMeta relational data model used for final observation 

registers by Statistics Sweden. 

 

The structure of an input data form, e.g. a questionnaire, is typically a bit different, more 

hierachical, with data organised around a main object, often the respondent. Figure 34 shows 

a conceptual model (metadata model) for an input data form. 

 

 

Figure 29. Example of an observation matrix (relational table) containing observation data 

(microdata). 
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Figure 30. General structure of an observation matrix. 
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Figure 31. Conceptual model (metadata model) for an observation register (relational 

database) organised in data matrixes (relational tables) 

 

 

OBSERVATION
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ReferenceTimeValue
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Figure 32. The MicroMeta model METADOK used by Statistics Sweden. 
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Figure 33. The MicroMeta relational data model used for final observation registers by 

Statistics Sweden. (Zoom in the electronic version of this figure to make it readable.) 
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Figure 34. Conceptual model (metadata model) for a raw data input form. 

Metadata about macrodata and associated concepts 

Macrodata collections in statistical databases may be thought of as organised in multidimen-

sional data cubes, characterised by: 

 

 a population of objects 

 a number of classification variables, classifying the objects in the population 

 a number of parameters, each one consisting of a statistical measure operating on one or 

more summation variables (target variables) 

 one or more reference times, possibly a regular series of times 

 cells containing estimated parameter values for a certain combination of values of the 

classification variables and time scales 

 

Figure 35 provides a metadata model for macrodata organised in multidimensional cubes. 
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Figure 35. Conceptual model (metadata model) for a database of statistics (macrodatabase) 

organised in multidimensional cubes. 

 

The metadata models that we have provided so far have basically informed about  

 

 metadata objects (metaobjects) 

 some basic metadata variables (metavariables) about each metadata object 

 relations between the metadata objects 

 

We will now provide some more examples of metadata contents of interest for the stake-

holders of a statistical system. When doing this, we assume that the main metadata object is a 

statistical data collection at some stage of the typical life cycle of statistical data, that is one of 

the following basic types of statistical data collections (cf Figure 27 and Figure 28 above): 

 

• The raw data stage 

• The observation register stage 
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• The statistics stage 

• The end-product stage 

 

We may group the metadata variables into a number of metadata dimensions. See below. 

Metadata dimensions 

We are now going to analyse in some detail, which kinds of metadata are needed in order to 

cover the major aspects or description dimensions of statistical data for different kinds of 

users and usages. 

 

Users of statistical data are interested in a number of aspects of statistical data, such as 

 

 What do the statistical data mean? Which is the semantical contents of the data? 

 Are the statistical data relevant for my information needs? 

 Are the statistical data correct? How accurate are they? Are they precise enough for my 

purposes? 

 Are these data comparable with data from other sources, from other countries, or from 

other time periods? Can I combine these data with other data in order to get a richer and 

more complete picture of reality? 

 How can I get access to these data? Where are they stored? Who is responsible for them? 

Do I have to pay something in order to get access to the data? Can I get some expert 

assistance from the producer, and how much would that cost? Are there any secrecy 

restrictions? 

 

Other stakeholders may have additional information needs concerning statistical data. For 

example, those who pay for the production of official statistics will be interested to get 

information about the costs associated with the production of the data and to which extent the 

users are satisfied and how often they use the data, and whether there are complaints from 

respondents. 

 

These and similar questions, and the answers to them, correspond to needs for different kinds 

of metadata about statistical data (microdata and macrodata). These metadata may be 

categorised into a number of topics and subtopics, as shown by the data documentation 

template in Figure 36.  

 

The six main categories of metadata about statistical data (and associated concepts) are:  

 

 purposes and usages 

 contents 

 accuracy 

 coherence 

 availability 

 costs 

 

The metadata categories have obvious similarities with quality dimensions to be discussed 

later in this chapter. However, there are some important distinctions to be made. Quality is a 

concept that is always related to a specific user and a specific purpose. The same data, 

described by the same metadata, may be of adequate quality for one purpose and completely 

useless for another purpose. There are some quality components, especially those associated 
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with accuracy, that are reasonably objective and absolute in the sense that data with a certain 

value of  certain characteristic (e.g. a high response rate) is always “better”, or at least “not 

worse” than the same data with another value for the same characteristic (lower response 

rate), ceteris paribus, regardless of user and purpose. But for most quality dimensions, it is 

ultimately the user in a specific usage situation who must determine if certain charateristics of 

the data are satisfactory or not. It is the purpose of metadata to provide the user with 

information helping him or her to make this decision. 

 

There is another relationship between metadata and quality; metadata, like any other data, 

may also have different qualities, which could be described by metadata (metametadata, to be 

precise), helping the user of metadata to determine the adequacy of the metadata for a certain 

purpose. 

 

Thus all metadata belonging to any of the metadata categories in the list above should be 

factual rather than normative. Then it is up to the user to make the normative evaluations. The 

producer could possibly comment the metadata, e.g. by issuing warnings against using certain 

data for certain purposes, considering, say, the small sample sizes or low response rates. 

 

Despite what we have just said, the structure shown in Figure 36 may also be regarded as a 

structure for a quality declaration template for a set of statistical data.  

 

A set of statistical data may belong to one of the following categories: 

 

 raw data (associated with a questionnaire or some other kind of input data form) 

 observation data (in observation registers, matrixes, and microdatabases) 

 aggregated statistics (in statistical cubes and databases) 

 statistical end-products 

 

Although the four different categories of statistical data sets have different conceptual and 

physical structures, the metadata dimensions listed above are relevant for all of them, even if 

they have to be interpreted and mapped into the data documentation and quality declaration 

template in slightly different ways. 
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GENERAL INFORMATION 
 

 about this documentation 
o version and date 
o approved by 

 id and name of documented data 

 reference to producing system/process 

 classification by statistical domain etc 

 relevant legislation 
 

PURPOSES AND USAGES 
 

 original and revised purposes (history) 

 intended and actual users and usages 

 use frequencies by user/usage, topic, etc 

 feed-back from users 
o spontaneous 
o requested (user satisfaction) 

 

CONTENTS 
 

 object graph (graphical overview of objects, 
relations, and variables) 

 object characteristics 
o target population 
o target variables and value sets 
o reference time 

 statistical target characteristics 
o target populations 
o target subdomains 
o target parameters 
o reference times 

 

ACCURACY 
 

 coverage (undercoverage, overcoverage) 

 sampling (method, sample size, weights) 

 response/non-response (size, distribution) 
o assumptions and adjustments 

 measurement errors (suspected, detected, 
adjusted) 

 estimation (method, assumptions, formulae, 
estimated precisions) 

 

COHERENCE 
 

 comparability in time (reference to time 
series) 

o adjustments (seasonal adjust-
ments, price adjustments, etc) 

 comparability in space (e.g. between 
countries, regions, etc, in groups) 

o adjustments 

 compliance with legislation and standards 

 connectivity with other data on similar or 
related topics 

 

AVAILABILITY 
 

 organisational and physical location 

 technical storage (database organisation, 
storage media and formats, etc) 

 publishing time (in relation to reference time 
and measurement time) 

 presentation forms and distribution modes 

 access restrictions (laws and policies) 

 mandatory or voluntary responses 

 national and international obligations 

 availability of more documentation 

 availability of services around the data 

 availability of related data 
 

COSTS 
 

 producer costs (including planning and 
operation) 

 respondent costs and complaints 

 user costs and complaints 

 financing of different costs 
 

COMMENTS 
 

 comments to the current version of data 

 changes over time 

 suggestions for improvements 

 planned changes 

Figure 36. A template for data documentations and quality declarations. 

 

 

1. Purposes and usages 

 

Official statistics are by nature “multi-purpose”, that is, they are produced for many different 

users and purposes, some of them known at design time, some of them not. It is useful for a 

potential user of statistical data to be informed about the purposes for which these data were 
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originally designed and produced. It is also useful, both for users, producers, and evaluators to 

get metadata (process data) about how, by whom, for which purposes, and how often certain 

data are being used. 

 

2. Contents (including topic and time/space co-ordinates) 

 

Like data sets are the primary and ultimate metadata objects in a statistical system, as we 

discussed earlier, the contents-oriented metadata are the primary and ultimate category of 

metadata about statistical data. The contents-oriented metadata give the users of statistical 

data a chance to interpret and understand the meaning of statistical data properly, and without 

such an understanding of the data, they are useless for any purpose. 

 

Describing the (intended) contents of statistical data amounts by and large to giving 

references to descriptions of the concepts referred to by the data: object characteristics and 

statistical characteristics and their conceptual components:  

 

 populations and subdomains 

 parameters, statistical measures, variables, and classifications (value sets) 

 reference times 

 

3. Accuracy (agreement/disagreement between data and reality) 

 

In order to be able to judge not only the “ideal” meaning of a concept, as reflected by 

conceptual definitions of target concepts, a user of statistical data will also need information 

about the operational definitions of the concepts, as reflected by 

 

 registers used as frames for identifying and locating populations and subdomains 

 sampling schemes and sampling procedures 

 data collection procedures 

 estimation procedures used as proxies for statistical measures 

 the phrasing and placing of questions in questionnaires (with instructions) 

 coding rules used for mapping responses to questions into classifications (value sets) 

 editing rules used for validating responses and checking them for possible errors 

 administrative procedures (based on laws) from which observation data emanate 

 

In summary the descriptions under this heading should aim at describing and explaining 

descrepancies between observed/estimated data and the “true” reality. 

 

4. Coherence (with other statistical data) 

 

The term “coherence” is used here as an umbrella for a range of “co”-concepts with slightly 

different meanings and focuses: 

 

 compatibility 

 consistency (internal and external) 

 comparability (time, space, topic, source) 

 completeness 

 connectivity 
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5. Availability (where, when, how, for whom) 

 

Under this heading there should be metadata informing about 

 

 where the data (and accompanying metadata) are stored, physically and organisationally 

(from the point of view of responsibilities) 

 how the data (and accompanying metadata) are stored and communicated, from a 

technical point of view: database organisation, formats for data/metadata storage and 

interchange 

 how the data are presented, disseminated, and otherwise made available (media, forms, 

etc) 

 when and how the data are first published (made public) 

 how long delays there are between (a) status/event time, (b) measurement/reporting time, 

and (c) publishing time, including comments especially about exceptional delays 

 for whom and under which conditions the data are available (in cases of access restrictions 

by laws and policies) 

 how and under which conditions a user may get access to which additional documentation 

and other materials of interest (analyses by others, for example), as well as paid or unpaid 

services around the data 

 which related data are available, e.g. microdata underlying macrodata, or related data 

produced by others (e.g. international comparisons produced by international 

organisations) 

 

6. Costs 

 

The benefits of the data are documented under the “purposes and usages” heading. Under the 

present heading, different kinds of costs are estimated, in order to enable designers, managers, 

funders, and others who are interested, to analyse balance between the costs and the benefits 

from producing the data, and to judge the efficiency of the production processes behind the 

data. More detailed and focused efficiency and productivity analyses will require the study of 

metadata concerning the underlying processes. 

Structured and semi-structured metadata 

A data documentation completed according to the documentation template in Figure 24 is an 

example of semi-structured metadata. A certain structuring of the metadata is imposed by the 

template as such, but within each entry of the template, the metadata will often contain of free 

text passages. However, some metadata within the entries may be more formalised, and 

sometime formalised passages may be referred to by means of links, or included from more 

structured and formalised sources. Metadata about data matrixes and their conceptual 

components and data contents could be examples of such metadata, which are referred to from 

the semi-structured documentation template. 

Structural metadata and reference metadata 

Some authors, e.g. the OECD, make a distinction between structural metadata and reference 

metadata.4 

                                                 
4
 The distinction between structural and reference metadata corresponds to the terminology used in the SDMX, 

see Framework for SDMX Standards on www.sdmx.org 

http://www.sdmx.org/
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Structural metadata are metadata that act as identifiers and descriptors of the data, e.g. names 

of columns of microdata matrixes or dimensions of statistical cubes; structural metadata are 

needed to identify, use, and process data matrixes and data cubes. Accordingly, structural 

metadata will have to be present together with the statistical data, otherwise it becomes 

impossible to identify, retrieve and navigate the data. Structural metadata should preferably 

include all of the following: 

 

 Variable name(s) and acronym(s), which should be unique 

 Discovery metadata, allowing users to search for statistics corresponding to their needs; 

such metadata must be easily searchable and are typically at a high conceptual level, 

allowing users unfamiliar with the statistical organisation´s data structures and 

terminology; e.g. users searching for some statistics related to “inflation” should be given 

some indication on where to go for a closer look 

 Technical metadata, making it possible to retrieve the data, once users have found out that 

they exist 

 

Reference metadata are metadata that describe the contents and the quality of the statistical 

data. Preferably, reference metadata should include all of the following: 

 

 Conceptual metadata, describing the concepts used and their practical implementation, 

allowing users to understand what the statistics are measuring and, thus, their fitness for 

use 

 Methodological metadata, describing methods used for the generation of the data (e.g. 

sampling, collection methods, editing processes) 

 Quality metadata, describing the different quality dimensions of the resulting statistics 

(e.g. timeliness, accuracy) 

Metadata about metadata 

The metadata themselves are also data and need to be defined and described by metadata, 

meta-metadata. 

4.2.2 Metadata about the processes behind the statistical data 

Systems and processes and associated procedures 

We may distinguish between production processes and other processes associated with a 

statistical system, such as use processes (performed by users of statistical end-products), data 

supply processes (performed by respondents and other data providers), planning and 

evaluation processes (performed by designers and developers of statistical production 

systems), management processes (performed by higher-level managers and funders of 

statistical systems). 

 

All the processes that we are now talking about may themselves be regarded as metadata 

objects. Especially the production, use, and data supply processes are associated with several 

important types of metadata: costs, performance measures, errors and error rates, complaints, 

etc. 
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Thus the processes of a statistical system are related to metadata in at least three different 

ways: 

 

1. processes are objects of metadata, carriers of metadata resources 

2. processes use metadata (about themselves and about other metadata objects) 

3. processes produce metadata (about themselves and about other metadata objects) 

 

As for production processes, the nature and form of the metadata involved differ depending 

on whether the processes are operated by human beings or by computer artifacts (software 

applications). 

 

Processes are organised into systems. A system (in a statistical context) may be defined as a 

set of related and interacting statistical processes under common control and performing a 

complete statistical task of some kind, e.g. the processing of a statistical survey from start to 

end, or performing all data collection processes for all business surveys performed by a 

statistical office. The former grouping of processes into systems is typical in a so-called 

stovepipe organisation, whereas the latter may be encountered in a statistical organisation that 

is organised into functions interacting through a clearing-house, or data warehouse. 

 

A process may be part of several systems at the same time. Systems may be structured into 

subsystems, and processes may be structured into subprocesses. Auxiliary processes are 

processes that perform certain basic operations, which are necessary but not sufficient for 

completing a statistical operation. For example, an elementary statistical process like 

collecting an observation concerning an object may depend on a number of technical 

processes, e.g. making a number of database accesses. 

 

In connection with systems and processes, we should also make some comments upon “pro-

ducts”, a concept which is often referred to and used in connection with the administration 

and management of a statistical organisation. Different terms are used for this concept in 

different organisations: “surveys”, “collections”, etc, but a common denominator is that the 

definitions of the “products” etc are made from an administrative, and often rather formal and 

bureaucratical point of view. For example, it may be the government that decides, as part of 

the budgeting work, which are the official “products” to be produced by a national statistical 

office. The decision may have the form of an explicit listing with a short specification of each 

item/product in the list. The list is typically updated once per year, as part of the budgeting 

process, and there may be some kind of high-level advisory board, with user representatives, 

associated with its preparation. 

 

The administrative information about a statistical system will typically include information 

about responsibilities, legislation, performance, user satisfaction, costs and revenues. Ideally 

the “product” concept should make sense for all kinds of stakeholders. However, it is never 

easy to define a concept that should serve a number of quite different purposes and needs at 

the same time. It could even be argued that it is impossible to find a single product concept 

that will be relevant for all needs. For example, the product concept needs to be relevant for 

 

 a data collection oriented view of the statistical system 

 an end-product oriented view of the statistical system 

 budgeting, planning, and accounting 

 the legal system, including EU directives, national laws, government instructions, etc 
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If it turns out to be possible to serve all these needs with one and the same product concept, 

one should at least try ensure that the different variations of the concept are compatible with 

each other in the sense that information organised around one variation of the product concept 

can be automatically transformed into information about another variation of the product 

concept. 

 

In summary, a “product” or a “statistical product” could be regarded as a system that is 

defined from an administrative and managerial point of view. It is often used, for example, in 

the communication between national statistical offices and the governmental authorities 

funding official statistics. Some governments decide upon “statistical plans” listing the 

products that should be regarded as the official statistics of the country, and which are funded 

by the taxpayers via the government budget. 

 

The relationship between processes and procdures may need some explanation. Processes are 

described and explained in terms of procedures. Procedures are for processes what concepts 

are for data. Both concepts and procedures are abstractions. A concept is an abstraction of a 

data message or a component of a data message. A procedure is an abstraction of a process or 

a component of a process. A procedure has a function and an operational implementation. The 

function may sometimes be described by means of a mathematical formula or a mathematical 

model, and the implementation may be described by means of an algorithm or a heurithm 

(heuristic algorithm), sometimes at least partially represented by source code in a computer 

program (and partially by means of documented instructions for human beings running the 

software application). 

 

A process may also be seen as an instantiation of a procedure. 

Production systems and production processes 

What do different metadata users need to know about production systems and their processes 

and procedures? As we have discussed earlier, the most detailed and precise metadata 

requirements concerning production processes will of course come from the operators of 

statistical systems and from the software artifacts supporting the operations. As we have also 

seen the users of statistical end-products will sometimes have to drill down to metadata about 

the production processes behind the statistical outputs, in order to fully understand, in an 

operational way, the meaning and quality of the statistical data. Developers of statistical 

systems will be interested to compare the methodological solutions used in a production 

system with those of other systems. Managers and funders will be interested in the 

performance and efficiency of production systems in terms of costs and benefits. 
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GENERAL INFORMATION 
 

 documentation details 
o version and date 
o approved by 

 system id and name 

 classification by statistical 
domain, topic, product, etc 

 responsibilities 

 purpose, usages, history 

 relevant legislation 
 

OVERVIEW OF CONTENTS 
AND PROCESSES 
 

 object graphs 

 process graphs 

 system flows 

DATA/METADATA INPUTS 
AND OUTPUTS 
 

 raw data in input forms 

 observation data in 
matrixes 

 estimates in cubes 

 end-products in output 
forms 

 

INPUT PROCESSES 
 

 frame establishment 
procedure 

 frame procedure 

 sampling procedure 

 measurement procedure 

 microdata preparation 
procedures 

 finalisation of sets of 
microdata+metadata 
(matrixes etc) 

 

THRUPUT PROCESSES 
 

 data integration 
procedures 

 aggregation and 
estimation procedures 

 macrodata transformation 
procedure 

 finalisation of sets of 
macrodata+metadata 
(cubes etc) 

OUTPUT PROCESSES 
 

 analytical procedures 

 compilation procedures 

 confidentiality protection 
procedures 

 layout and presentation 
procedures 

 publishing procedures 

 dissemination procedures 

 user support procedures 

LOG-BOOK 
 

 immediate, dated reports, 
by identified persons, 
about any kind of 
exceptional events or 
changes in plans and 
design that occur during 
system execution 

PROCESS DATA 
 

 observations and 
reflections by human 
operators 

 process data generated by 
computerised processes: 
detailed and aggregated/ 
analysed 

 

COMMENTS 
 

 comments to the current 
execution 

 changes over time 

 suggestions for 
improvements 

 planned changes 
 

Figure 37. Documentation template for production systems and processes. 

 

Figure 37 gives an overview of the metadata items concerning production systems and their 

processes that may be of interest for the stakeholders of statistical systems. The overview is 

given in the form of a system documentation template. The template structures the metadata 

of interest concerning statistical production systems into the following topics: 

 

1. General information about the production system 

 

The metadata items in this section provide some basic information about the production 

system and about the documentation as such. To ensure the quality of the documentation, it is 

essential that the documentation is approved by an identified person with good knowledge 

about the production system, and with a good professional reputation; it could be, for 

example, the chief methodologist of the department responsible for the system. 

 

A question for consideration here is exactly how the documentation object, the production 

system, should be defined and demarcated from other production systems, to be documented 

separately. This is basically a matter of judgment. However, a guiding principle could be that 
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the documentation object should correspond to a “complete” statistical system, or at least a 

“relatively autonomous and self-contained” statistical process, such as a specific data 

collection process. If the same process is shared by several other systems, this criterion is 

probably fulfilled, and it should be documented separately and referred to by the other 

systems having this process as a subsystem. 

  

It is advisable for a statistical organisation to adopt a standard documentation template that 

can be used for all statistical systems and processes, regardless of level, subject matter topic, 

and stage in the production chain. In a concrete documentation situation relevant parts of such 

a documentation template will be selected and applied in a practical way. 

 

2. Overview of contents and processes 

 

The graphs and flows in this section should give an informative overview of the production 

system in terms of its contents and processes. It is often to be recommended to include some 

parts of the environment of the system in this overview, for example other systems having 

data/metadata interchanges with the system under consideration. Sometimes it may be 

appropriate to let a number of related production systems share the same overview. This could 

be done by means of dynamic links to a common metadata resource in a corporate or local 

metadata repository, in order to ensure referential integrity and avoid redundance. 

 

3. Data/metadata inputs and outputs 

 

The data/metadata sets to be identified and described in this section are, in principle, the same 

as the metadata objects of the data documentations that we have discussed earlier. If these 

documentations already exist, and if they are easily available and accessible, they need not be 

redundantly duplicated in the production system documentation. Instead they may be referred 

to by means of links, preferably dynamic links that may just be clicked upon in order to bring 

the reader of the system documentation to an up-to-date version of the data documentation. 

 

In comparison with an end-user of statistical data, a production process operator, and the 

software applications supporting the production processes, will need more, and more detailed, 

technical metadata concerning such matters as where and how the data are stored (storage 

media and storage representation formats), how they are organised into databases, and how 

these databases are managed by means of software. 

 

4. Input processes 

 

This section should contain relatively detailed, operational descriptions of the input proce-

dures that are executed during the operation of the input processes. There could be several 

input processes in the same production system. What constitutes one input process is typically 

that it is associated with one population, one questionnaire (or one family of similar 

questionnaires used for different subpopulations), and one measurement process that takes 

place during a limited time period. If the statistical system is based on an on-going reporting 

of events, it will have to be defined in a slightly different way. For example, one could 

establish one documentation per time period, where the time period could be, say, one year. 

 

Processes are described and explained in terms of procedures. A procedure is an abstraction of 

a process or a component of a process. A procedure has a function and an operational 

implementation. The function may sometimes be described by means of a mathematical 
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formula or a mathematical model, and the implementation may be described by means of an 

algorithm or a heurithm (heuristic algorithm), sometimes at least partially represented by 

source code in a computer program (and partially by means of documented instructions for 

human beings running the software application). 

 

To the extent that standardised procedures are being applied, links to shared descriptions of 

these procedures could be used, and the documentation of a particular process instance will 

only have to contain, in addition to the links, information about deviations from the standard 

procedure, as well as other facts that may be unique for different instances or executions of 

the procedure, e.g. input parameters. Descriptions of standardised procedures may be stored in 

a corporate metadata repository. 

 

In connection with the description of a procedure, the instrumental resources required by the 

procedure should also be described, e.g. the software used for implementing the procedure. 

These descriptions, too,may often be shared and stored in corporate metadata repositories, 

easily accessible from the process/procedure documentations by means of links. 

 

Some statistical systems will have no direct data collection of their own. However, even in 

such cases, the system will get some input data from somewhere, e.g. from other statistical 

systems. References to these systems should be made, preferably by means of links, and any 

adaptations that are made to these inputs should be included in the documentation under 

consideration. 

 

5. Thruput processes 

 

This section should contain descriptions of estimation procedures and other procedures that 

are applied during the transformation of microdata from input processes into macrodata to be 

further processed by output processes; both the input processes providing microdata, and the 

output processes making use of the aggregated macrodata, may be part of the same system or 

belong to other systems than the system under consideration.  

 

Once again, to the extent that standardised procedures are being applied, links to shared 

descriptions of those procedure could be employed. 

 

6. Output processes 

 

This section should be completed in analogy with what we have just said about input and 

thruput processes. Some systems may have not output processes, from an external point of 

view, and others may consist of output processes only. In the former case, there will be 

internal usages of the outputs from the system, and then those outputs should be described in 

this section. In the latter case, references (preferably by means of links) should be made to the 

input and thruput processes (of other systems) providing the internal inputs to the output 

system under consideration. 

 

7. Log-book of events during system execution 

 

The purpose of the log-book is to make it very simple for the operators of a production system 

to make notes, immediately, about exceptional events that happen during the execution of the 

system. The entries in the log-book could be analysed and summarised in a more systematic 

way at a later stage, e.g. when the documentation of the current execution of the system is 
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completed, or, in the case of continuously on-going production systems, at certain time 

intervals, e.g. once a year. 

 

Some entries in a log-book could also be automatically generated by computerised processes. 

 

8. Process data 

 

This section is where the results from analysing and systematising the entries in the log-book 

could be placed. It could include both observations and reflections made by human beings, 

and process data generated routinely, or as the result of exceptional events, by computerised 

processes. 

 

9. Comments concerning the system and its future 

 

After every execution of a repetitive system, or at certain time intervals for contiuously on-

going system, it is appropriate to make some kind of simple evaluation of the system, 

commenting upon changes that have taken place since last time, proposing system changes to 

be considered, and documenting decisions about such changes that have already been made. 

From system specification to system documentation 

Major parts of a production system documentation could, and should, be completed at system 

design time. When a system is put into operation, there should be a complete system 

specification, which can be used by the operators of the production system as a specification 

of the work that they have to do during the execution of the system. 

 

The execution of a production production process should follow the procedures described in 

the system specification or in separate, shararable procedure documentations, including (links 

to) descriptions of the instrumental resources used by the process/procedure, as we have 

already discussed.  

 

From the point of view of monitoring and control, it is important that a process specification 

is very operational and detailed in certain parts. The instructions of what has to be done 

during the execution of a process, and how it should be done, may be embedded in software 

applications driven by structured metadata (in the case of computerised processes) or repre-

sented by manuals and checklists (for human operators). During the monitoring of a process, 

the instructions may be modified by process data generated by and dynamically fed back into 

the process. 

 

If a software application is well structured, according to established principles in software 

engineering, it could also be read by human beings in situations where it is necessary to find 

out very precisely what a process/procedure is actually doing, but usually software applica-

tions have to be accompanied by some kind of more human-friendly documentation. 

 

During the execution of a process, things will happen that have not been exactly foreseen in 

the process specification. For example, it will certainly have been foreseen that non-response 

will occur in a data collection process, but the frequencies and distribution of the non-

response between different groups of respondents are unique for every repetition of the 

process. Moreover, the operators of a process, e.g. interviewers, may make interesting 

observation when performing their work that could be reported and made use of in the current 
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execution of the process, or in later repetitions, or even by designers and operators of other 

processes. Computerised processes may even more easily generate data about process 

performance. All these reports about exceptional conditions and events, performance rates, 

and other experiences from a specific execution of a process, all these reports add valuable 

information to the information already contained in the process specification, and should, at 

least to some extent, be added to that specification in some systematic way.  

 

When the execution a process has been completed, the accumulated feed-back process data 

from the process, or some systematised and analysed version of them, are entered into the 

final version of the system documentation. The complete documentation of a process consists 

of a complete specification together with complete process data (including documented 

experiences from people involved in the process). Thus: 

 

 system specification + process data = system documentation 

 

The original process specification, emanating from the design process, will have evolved into 

a more complete and accurate system documentation. 

Maintaining production system documentations 

When one execution of a repetitive statistical system has been completed, the final versions of 

data/metadata outputs and production system documentations should be preserved for future 

use by including them in the corporate metadata repositories, from where they should be 

easily accessible. Then it is time to start the preparation of the next production round. A copy 

of the system documentation from the previous round may be used as a starting-point for the 

specification and documentation to be developed during the next round. 

Using the same documentation template for different kinds of statistical systems 

The system documentation template shown in Figure 37 is intended to be applicable to all 

statistical systems in all statistical organisations. Naturally this requires some understanding 

of how the template should best be applied in different situations. We will give a few 

examples. 

 

It is getting more and more common that statistical offices focus on certain functionally 

defined processes, such as data collection or data dissemination, and organise both the 

production systems and the staff accordingly. For example, a statistical office may organise a 

special unit for collecting all business data, all data from enterprises and other organisations 

in society, by means of an integrated data collection system. The integrated production system 

may have subsystems, but these subsystems should be organised in an optimal way from the 

point of view of the respondents, not from the point of view of the statistical end-products that 

will ultimately be produced from different combinations of input data.  

 

With this kind of approach and organisation, a natural documentation object will be the 

integrated data collection system, or different subsystems of this system. Such a documen-

tation will have a lot of material in the “input processes” part of the documentation template, 

and very little material, or even nothing, in the “thruput processes” and “output processes” 

cells. There may only be some information about, and links to, systems and processes using 

the final microdata outputs from the integrated data collection system. 
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An opposite example would be a corporate output database. It is already an established 

practice for most statistical offices to make such databases available via the Internet. A 

corporate output database is of course a system in its own right, focusing exclusively on 

output functions. All the input data it uses will come from other statistical systems inside (or 

sometimes even outside) the statistical office responsible for the output database. The “input 

processes” and “thruput cells” of the documentation template applied to such a system will 

typically contain only links to other systems, which provide well-defined inputs to the 

statistical output database according to well-defined data/metadata formats and procedures. 

 

The production system of the national accounts provides another example. It receives all its 

statistical data inputs, mostly in aggregated form, from other statistical systems. 

 

The production system for maintaining a statistical register, on the other hand, could be 

demarcated from other systems in such a way that it does itself not produce any aggregated 

statistical outputs. However, many other statistical systems will produce statistics on the basis 

of the contents of the register in combination with data from data collections where the 

register has been used as a frame for identifying and locating observation objects and 

respondents. 

4.2.3 Metadata about instrumental resources used by the processes 

Registers, questionnaires, and classifications 

There are three very important metadata object types that play multiple roles in statistical 

systems, namely: 

 

 statistical registers 

 observation templates (questionnaires) 

 classifications (and other value sets) 

 

They are all important instrumental resources, supporting production processes. Statistical 

registers are instrumental in identifying and locating the objects to be investigated in data 

collection processes. They are also instrumental for sampling processes and for stratifying the 

objects in the population before sampling. Furthermore, they are instrumental for classifying 

the objects into subdomains of special interest, when estimating parameters and presenting the 

results to the users. Questionnaires are instrumental in observation and measurement 

processes. Classifications are instrumental in coding and editing processes, and in the 

presentation of final statistical results. 

 

Registers, questionnaires, and classifications also play an important role for the 

operationalisation of the definitions of major concepts. A register operationalises the 

definition of a population. A questionnaire operationalises, through the questions and 

instructions it contains, the definitions of variables. A classification operationalises individual 

properties of objects and separates them from each other by stating clear rules for which 

objects should be classified into one category, and which should fall into another one. 

 

Registers actually have a third role. In most cases their contents are not limited to their role as 

frames, that is, to what is necessary for identifying and locating objects belonging to a certain 

population, but they also contain some additional data about the objects in the population, 
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data that may be used for enriching the data collected by a survey, and for producing more 

accurate and more informative statistics. 

Instrumental resources as sharable process enablers 

Instrumental metadata resources are process enablers. The instrumental metadata resources of 

a statistical system may be categorised according to the processes that they are enabling and 

supporting. There are  

 

 search and retrieval tools supporting use processes and other processes that need access 

to statistical data (and metadata) 

 

 production tools supporting production processes and procedures 

 

 knowledge resources (knowledge and experiences) supporting primarily the “intellectual” 

processes around statistical systems, such as planning and evaluation, corporate 

management, and research and development 

 

Many instrumental metadata resources, from all the three categories listed above, have two 

characteristics in common: 

 

a. they are sharable, that is, the same metadata resource can be used by multiple processes 

b. they need to be systematised and organised collectively, in order to be easy to find and 

make use of 

 

In order to ensure that the instrumental metadata resources of a statistical system satisfy the 

requirements of sharability and efficient availability, one may organise a number of metadata 

repositories as part of – and core of – the corporate data/metadata infrastructure of a statistical 

organisation. Thus we have identified a fourth category of instrumental data/metadata 

resources of a statistical system: 

 

 corporate data/metadata resources containing sharable, systematised, and reasonably 

“complete” metadata resources of a certain kind 

 

The corporate data/metadata resources may be organised in a completely centralised way, 

with centrally placed organisational units being fully responsible for them. Alternatively, they 

may be organised as decentralised networks, mainly controlled by standardised interfaces and 

procedures, or as federated databases.  

 

Note. The same metadata resources may belong to several categories of instrumental meta-

data. For example, an individual process documentation is a production tool for a certain 

production process; at the same time it would be a member of a corporate repository of 

documentations, which is an instrumental resource for search and retrieval processes, and for 

knowledge-based processes.  

4.3 Organising and maintaining the data/metadata 
infrastructure 

The concept of a statistical data warehouse is a good starting-point for a discussion of how to 

organise the data/metadata infrastructure of a statistical organisation. 
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4.3.1 Potential sources of statistical metadata 

 

It is often a time-consuming, expensive process to obtain metadata and produce documenta-

tions, and statistics production staff are often hard to motivate for these tasks, which are 

maybe not so glamourous. Thus it is important to consider how we can obtain metadata in the 

simplest and most economic way, for example by reusing metadata that are generated as by-

products from other processed. 

How to obtain and capture statistical metadata and how to keep them updated 

A key issue in connection with metadata is how to obtain them and how to keep them up-

dated. Producing and maintaining metadata as a separate activity in the statistical production 

process is resource-consuming. A more efficient approach is to capture metadata from other 

sources wherever possible, and to design production processes so as to produce data and 

metadata in parallel, and in such a way that data from one process may, possibly after some 

automatical or computer-supported transformations, be used by other processes.  

 

Some metadata about data and processes can be obtained already at the time when the 

statistical system is planned, i.e. during design, construction, and implementation processes, 

whereas other metadata, especially so-called process data, can only be generated and captured 

at operation time. The metadata that are natural by-products of a certain process should be 

systematically, and preferably automatically, captured by documentation and metadata 

systems running in parallel with, or rather being an integral part of, that particular process. 

The process could be any kind of process that we have discussed in connection with statistical 

systems, first of all naturally planning and production processes, but also use processes, data 

supply processes, etc. 

 

Definitions of concepts are determined at design time. Thus metadata about object characte-

ristics, statistical characteristics, and their components (populations and domains, parameters 

and variables) can be captured and stored at design time. During the operation of the data 

collection process, different kinds of problems will occur, so that the planned definitions and 

procedures cannot be perfectly adhered to, and this should be reflected in metadata/process 

data to the extent that it may be of some importance for the users and producers and other 

stakeholders. 

For each process: which metadata does it need, where can it get them from, and which 

metadata can it provide in return to other processes? 

Let us take a look at each one of the metadata usage processes identified earlier in this 

chapter, and ask ourselves which metadata it needs and from where it could obtain these 

metadata needed. Let us also consider which metadata each process could provide to other 

processes. 

 

Thus for each process we will analyse: 

 

1. Which are the metadata needs of the process? 

2. Are there any sources from which the process could get these metadata? 

3. Which metadata could the process provide to other processes?  

 

Process: Usage of statistical data 
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Metadata needs of this process  

 

• Which statistical data and services are available? Are they relevant for my task? 

• Contents and qualities of available statistical data (macrodata and microdata)? 

– statistical microdata and their definitions 

– relevance, accuracy, timeliness, availability,   comparability, coherence 

• Where to find, and how to retrieve, chosen statistical data? 

• How to interpret retrieved statistical data?  

 

Potential sources of metadata needed 

  

 Planning, design, and construction processes  e.g. definitions 

 Operation and monitoring processes  e.g. non-response rates ( precision) 

 

This process is a potential provider of  

 

 Data about usage and requests (both satisfied and not satisfied) for data and services 

 Data about user satisfaction with products and services  

 

Process: Operation and monitoring of statistics production 

 

Metadata needs of this process  

 

 Instructional metadata: specifications and instructions for inputs, outputs, procedures 

 Motivational and instructional metadata for respondents and data providers: why is 

participation in a survey important, how is confidentiality ensured, how to interpret the 

meaning of the questions to be answered, how to respond  

 Information about methods, tools, and resources available 

 Process data feed-back about process performance in terms of errors, timeliness, resource 

consumption, etc 

 

Potential sources of metadata needed  

 

 Planning, design, and construction processes  instructions, specifications, descriptions 

 Operation and monitoring processes  process data 

 

This process is a potential provider of  

 

 Process data (data about the outcome and performance of the process) 

 

Process: Planning and (re)design of statistical systems 

 

Metadata needs of this process  

 

 Information about user needs and other stakeholder requirements 

 Detailed, up-to-date documentation of the present system (if it exists) 

 Experiences from this system (if it exists) and similar systems here and elsewhere: ad hoc 

information as well as well planned feed-back information, both formal and informal, 

concerning both the production parts and the usage parts of the statistical system 
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 Special evaluation studies performed on an ad hoc basis  

 Information about methods, tools, available data sources, available software components, 

and other resources 

 

Potential sources of metadata satisfying these needs  

 

 Knowledge bases: physical and electronic libraries, websites, etc 

 Business intelligence processes: using search engines, intelligent agents as well as more 

traditional research methods 

 

This process is a potential provider of  

 

 Specifications of processes (inputs, procedures, outputs), descriptions of resources, 

instructions  

 

Process: Management and evaluation 

 

Metadata needs of this process  

 

• Information about user needs and other stakeholder requirements  

• Costs and benefits? 

• To which extent do users actually use the statistical outputs, and are they satisfied with the 

qualities of the data as regards contents, accuracy, timeliness, availability, comparability, 

coherence, etc? Information about the performance of production processes and usage 

processes  

• Are there complaints from respondents, and how much unpaid work will they have to do? 

• Knowledge about methods, tools, available data sources, and other resources 

• Experiences from comparable systems  

 

Potential sources of metadata satisfying these needs  

 

 Knowledge bases and business intelligence processes 

 Data generated by or requested from production and usage processes 

 

This process is a potential provider of  

 

 Experiences 

 Revised user needs and other stakeholder requirements 

 

Process: Research and development 

 

Metadata needs of this process  

 

 General knowledge about statistical systems and statistics production, e.g. recognised 

theories and methods, standards like “current best methods” and “current best practices”  

 Specific knowledge, experiences, about “how things are done” in different statistical 

organisations  

 Experiences, process data about costs and different aspects of quality in statistical 

processes performed by statistical organisations  
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Potential sources of metadata satisfying these needs  

 

 Knowledge bases and business intelligence processes 

 Experiences from production processes in many systems 

 Experiences from usage processes in many systems 

 

This process is a potential provider of  

 

 Knowledge, methods, and tools 

 

Figure 38 summarises the results of our analysis. 
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Usage process 
 

Metadata needs of this process 

 Which statistical data and services are available? Are they 
relevant for my task? 

 Contents and qualities of available statistical data 
(macrodata and microdata)? 

o statistical microdata and their definitions 
o relevance, accuracy, timeliness, availability,   

comparability, coherence 
 
Potential sources of metadata needed 

 Planning, design, and construction processes  e.g. 
definitions 

 Operation and monitoring processes  e.g. non-response 

rates ( precision) 
 
This process is a potential provider of  

 Data about usage and requests (both satisfied and not 
satisfied) for data and services 

 Data about user satisfaction with products and services 
 

Operation process 
 
Metadata needs of this process 

 Information about processes: specifications and 
instructions for inputs, outputs, procedures 

 Information about methods, tools, and resources 
available 

 Feed-back about process performance in terms of errors, 
timeliness, resource consumption, etc 

 
Potential sources of metadata needed 

 Planning, design, and construction processes  
instructions, specifications, descriptions 

 Operation and monitoring processes  process data 
 

This process is a potential provider of 

 Process data 
 

Planning and design process 
 
Metadata needs of this process 

 Information about user needs and other stakeholder 
requirements 

 Information about methods, tools, available data sources, 
and other resources 

 Experiences (from this system and other systems) 
 
Potential sources of metadata satisfying these needs 

 Knowledge bases: physical and electronic libraries, 
websites, etc 

 Business intelligence processes: using search engines, 
intelligent agents as well as more traditional research 
methods 

 
This process is a potential provider of 

 Specifications of processes (inputs, procedures, outputs), 
descriptions of resources, instructions 

 

Management and evaluation process 
 
Metadata needs of this process 

 Information about user needs and other stakeholder 
requirements 

 Information about the performance of productions 
processes and usage processes 

 Knowledge about methods, tools, available data sources, 
and other resources 

 Experiences from comparable systems 
 
Potential sources of metadata satisfying these needs 

 Knowledge bases and business intelligence processes 

 Data generated by or requested from production and 
usage processes 

 
This process is a potential provider of 

 Experiences 

 Revised user needs and other stakeholder requirements 
 

Research and development process 
 
Metadata needs of this process 

 Knowledge 

 Experiences 
 
Potential sources of metadata satisfying these needs 

 Knowledge bases and business intelligence processes 

 Experiences from production processes in many systems 

 Experiences from usage processes in many systems 
 
This process is a potential provider of 

 Knowledge, methods, and tools 
 

 

Figure 38. Matching metadata needs and supply potentials in a statistical system. 

4.3.2 How to organise and store microdata, macrodata, and 
associated metadata 

Conceptual models for microdata and macrodata, as discussed earlier in this book, provide 

adequate core structures for organising and storing statistical data and associated metadata, 

regardless of whether the data are stored locally or as part of the corporate data/metadata 

infrastructure. As indicated by the microdata model, the microdata are stored in cells in 

matrixes, where the rows correspond to observation objects and the columns correspond to 
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observation variables. The matrix as a whole corresponds to the observed set of objects, a 

subset of a population. An observation register may contain several observation matrixes, 

emanating from one or more data collection processes, and corresponding to one or more 

populations of objects. 

 

Similarly the macrodata model indicates that the macrodata are stored in mulidimensional 

statistical cubes, where the dimensions correspond to populations, classification variables, 

parameters, and reference times. 

 

Objects in object graphs are natural metadata objects, anchoring points for different kinds of 

metadata. The identifiers of objects (indicated by underlining) are implicit links to other 

metadata about the same metadata object, via catalogues of those objects. Some metadata 

about the metadata object may be stored directly in connection with the data. These metadata 

would primarily be names, labels, and short descriptions, and other structured and formalised 

metadata. There may also be Flags to other related metadata, e.g. footnotes, comments, 

explanations, etc. Some of the flags may be further links to related metadata objects, via 

catalogues, and metadata resources stored in corporate metadata repositories. 

 

How should metadata be stored in relation to the data they describe? It is natural for metadata 

that are unique for a certain data collection, or even for a certain observation, to be stored in 

direct connection with the data they describe, either in direct physical connection with the 

data, or in some kind of appendix or annex linked to the data (for example, if the metadata are 

very voluminous in comparison with the data).  

 

Metadata, which are highly formalised, compact, directly associated with certain data, and 

unique for those data, are most likely to be stored physically integrated with the data they 

describe. The full responsibility for such metadata will rest with the owner of the data. 

 

On the other hand there are metadata, which are relevant for many different data objects, and 

which are used by many different processes. Such sharable metadata could still be managed 

and maintained by one of the users of the metadata, but they could also be organised as a 

separate, autonomous metadata holding, managed by a special owner and available to the 

organisation as a whole, a so-called corporate metadata holding.  

 

Metadata about unexpected events that occur during the execution of a process may have to 

be stored in temporary log files or the like, before they may be entered into the core 

data/metadata structure for more permanent storage, possibly in more analysed and 

summarised form. 

 

In summary, there are four kinds of locations and holdings where statistical metadata may be 

stored. They may be stored 

 

 in direct physical connection with the metadata object they describe, e.g. in a data record 

in a file or a database 

 in some kind of annex referred to from the described metadata object, e.g. an annex of 

footnotes or comments referred to by some kind of “flags” in a data record 

 in an autonomous metadata holding, containing metadata referred to and shared by several 

metadata objects, e.g. names and descriptions of values in a value set, stored in a 

classification database shared by all data collections with variables using a particular 

value set or classification 
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 in a separate log file, as a more or less temporary holding of metadata concerning events 

that occur intermittently and more or less frequently 

 

There are a number of criteria for choosing between the different places to store metadata: 

 

1. Redundance considerations  

 

The same metadata should, if possible, be stored in only one place, not only in order to save 

storage space, but, more importantly, to make the updating of the metadata simpler and safer. 

 

2. Access speed considerations  

 

Metadata that are often referred to by operations that require fast response should be stored 

physically close to the objects that refer to them. Note that this criterion may sometimes 

contradict the previous one, the non-redundance criterion, and in such case the designer will 

have to make a trade-off between the two requirements. 

 

3. Formally structured metadata vs free-text metadata 

 

Formally structured metadata, e.g. metadata that are coded into a limited number of categories 

(codes), are usually easier to integrate with the data they describe, since these data are 

typically stored in highly structured databases, like relational databases. 

 

4. Compactness of the metadata 

 

Regardless of how formally structured and “coded” the metadata are, if they are very 

compact, like for example short names and text labels, they are relatively easy to store in the 

same way as highly structured metadata, that is, they may be stored physically integrated with 

the data they describe.  

 

5. Procedural or non-procedural metadata 

 

Non-procedural, or descriptive metadata are easier to organise and manage like the statistical 

data themselves. Procedural metadata, e.g. mathematical formulae, algorithms, or software 

code, describing processes and procedures, are usually easier to store in separate annexes or in 

autonomous metadata holdings dedicated to these kinds of metadata objects. 

 

6. The natural birth event of the metadata 

 

(i) Some metadata occur for the first time as the result of design decisions. Ideally they 

should be captured as a more or less automatic spin-off effect of the design decision. 

This means that they should probably first be registered in some kind of log file, or 

even better, in a working version of a system specification template. At a later stage 

this kind of metadata may be reallocated to more permanent places, e.g. to data 

descriptions in direct connection with the data, appendixes, and/or autonomous 

metadata repositories as discussed above. 

  

(ii) Other metadata occur very dynamically during the statistical operations, e.g. during 

the data collection process, and they may be associated with individual observations. 

Such metadata, which are also called process data, will almost certainly first have to 
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be registered in some kind of log file, and then they may be more permanently 

organised in certain process databases; in that connection they will probably also be 

summarised and organised into more structured, less voluminous, and more 

informative performance indicators useful for managers on different levels. 

 

Metadata that are stored in direct physical connection with the data they describe may be 

associated with metadata objects on different levels of abstraction, and should be stored 

accordingly. For example, unique metadata concerning a certain observation, e.g. a suspected 

error detected by an interviewer or a data editing operation, should be associated with the 

observation, whereas metadata concerning a variable (regardless of observation instances or 

valid for all observation instances) should be associated with the variable, that is, the variable 

becomes the natural object for these metadata. 

 

As a general rule, metadata should be stored as high up as possible in an abstraction 

(generalisation/specialisation) hierarchy. This is in accordance with the non-redundancy 

criterion mentioned earlier. One also talks about instance levels and type levels. Storing 

metadata on a type level, if possible, is of course more efficient (both conceptually and 

physically) than storing them on the instance level. 

 

However, there are certainly important metadata that must be stored on an instance level. 

Thus so-called process data will often be linked to the individual observations, even to the 

individual elementary observations (an observed value of a certain variable for a certain 

object, the answer to an individual question on a questionnaire). 

 

Thus the natural object for a certain kind of metadata about a data resource may be 

 

a. for observation data 

 

 an elementary observation in a collection of observation data 

 a complex observation corresponding to an input form instance 

 a row or a column in an observation matrix 

 an observation matrix 

 an observation register or database 

 

b. for statistics 

 

 an estimated value of an elementary statistical characteristic (a cell in a cube) 

 a classification dimension of a cube 

 the population dimension of a cube 

 a parameter dimension of a cube 

 a cube 

 a collection of cubes or statistical database 

4.3.3 Deriving and retrieving statistical data and metadata 

There may be a long and complex derivation chain behind a statistical figure presented in a 

cell in a table or some other statistical end-product. But however long and complex the 

derivation chain is, it always starts in some raw data, typically a large number of more or less 

complex sets of raw data from different sources. For the producer of statistics, and sometimes 

also for a user, it is important to preserve knowledge about where data in the statistical end-
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products originally come from, and which transformations they have undergone. This control 

over the derivation chains are even more important for the metadata. Good understanding of 

these relationships and dependencies are necessary for a producer of statistics to be able to 

provide adequate metadata for different users and usages, and for a user who wants to dig a 

little deeper into the background of the statistical figures. 

 

Figure 39 illustrates the derivations schematically. There are a number of microdata matrixes 

which contain the raw data (and possibly some derived data as well), and all derivation chains 

must start from these matrixes. Then other microdata matrixes may be derived from these 

“initial” matrixes as illustrated by arrow 2 in the figure; and this derivation process may be 

iterated many times. In each iteration a new microdata matrix is derived from one or more 

existing matrixes, and the derived matrixes may be stored permanently or only temporarily. 

 

 

Figure 39. Deriving statistical end-products from raw data collections. 

 

At some stage a microdata matrix is used for an aggregation and estimation process that 

transforms the metadata matrix into a macrodata cube. (Actually the aggregation may start 

from a number of input matrixes and result in a number of output cubes, but it may be a good 

principle to simplify the transformation by first deriving a single microdata matrix by means 

of microdata transformations.) 

 

On the macrodata level new macrodata cubes may be derived from existing ones as indicated 

by arrow 4 in the figure, and this process may be repeated iteratively. Finally statistical 

endproducts are produced by combining macrodata cubes as indicated by arrow 5. 

 

Arrow 6 indicates a transformation of macrodata into microdata. This may occur, for 

example, microdata about persons and enterprises are aggregated along a regional dimension. 

Each regional level will be associated with administratively and politically defined entities, 

such as municipalities, counties, and countries. These entities are themselves microlevel 

objects of interest, with properties that are not the result of aggregation processes. For 

example, a municipality will have an area, and if it is an entity with a political assembly with 

some power, it will have a budget, a tax rate, etc. Politicians, journalists, and ordinary citizens 

may be interest to see how the municipalities may be compared and ranked according to 

different performance measures. These measures will be based on a combination of 

aggregated and non-aggregated variables, that is on a combination of microdata and 
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macrodata, but the macrodata, e.g. the population size, will now be treated as a microdatum 

for the microlevel object “commune”. (Actually a similar shift of view occurs for some data 

reported by enterprises; data that the statistical office regards as microdata about the company 

may very well be the result of an aggregation process within the company.) 

4.3.4 Developing a data/metadata infrastructure for a statistical 
organisation 

The resources needed to develop, implement, operate, and maintain a sound and efficient 

corporate data/metadata infrastructure in a statistical organisation are considerable, both in 

terms of time, money, and efforts. Thus this work has to be carefully planned in such a way 

that it becomes efficient and accepted by all categories of stakeholders. The necessary 

planning is quite complex and requires active involvement and commitment of the top 

management of the statistical organisation. 

 

One major challenge is to organise the basic capturing and creation of metadata in an efficient 

way. This implies the establishment of good documentations of different aspects of statistical 

processes and data. The people who are themselves actively involved in the production 

processes are obviously those who are best suited for this task, since they are in possession of 

the necessary knowledge. However, precisely because they already have this knowledge, they 

may not find it to be a task of high priority to document it.  

 

Management could do several things here. They could demonstrate that they value the 

production of useful documentation and metadata by identifying this as a criterion for 

professional recognition and salary rises. Furthermore, they could discuss with the production 

staff, how metadata could possibly also be useful for the producers themselves, and give 

priority to metadata systems or system components that are able to serve both users and 

producers. 

 

Capturing of metadata may be a very tedious and resource-consuming task, if it is not 

organised properly. One should avoid organising the capturing of metadata as a separate task. 

Instead it should be integrated, as much as possible, with other tasks in statistics production, 

and this should be done in such a way that people see the meaning and importance of the task. 

 

Ideally metadata should be generated as a side effect of other processes that have to be carried 

out anyhow. These processes will then become natural sources of metadata. The processes 

that generate metadata as by-products may be inside or outside the statistical system under 

consideration. 

 

An important rule of thumb is that metadata should be captured as early as possible in the 

process of developing, implementing, and operating a production system. Another rule of 

thumb is that the same metadata should not be captured more than once.  

 

Ideally metadata should be automatically transformed in parallel with the data that they 

describe. To the extent that this can be done, metadata production – e.g. the production of text 

labels and descriptions – will be automated in a similar way as the data production, the 

production of the figures, has been since long. 

 

A major strategy for ensuring the overall efficiency and usefulness of the metadata-related 

work in a statistical organisation is to develop a global architecture for all metadata systems 

that the organisation may possibly develop during the foreseeable future. There are several 
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purposes of such an exercise. One is to make an inventory of all metadata systems that need to 

be considered. This inventory should be developed in active co-operation between different 

stakeholders, so that after the exercise has been carried out, one can be reasonably sure that 

nothing important has been forgotten. Once developed, the inventory will be an excellent 

basis for putting priorities to different metadata-related tasks. Furthermore, by analysing and 

structuring the inventory, one may find that there are common components that can be used 

for different purposes, by different systems, provided that they are designed in a standardised 

way and are able to communicate via standardised interfaces. Such components may be given 

a higher priority from a global perspective than they should have got if looked upon from a 

more local point of view. 

 

The development of ”a grand plan” for the data/metadata infrastructure of a statistical 

organisation does not imply that this plan should necessarily be implemented in all its parts 

and in exactly the form that they were originally specified. The plan should give visibility, 

clarity, and stability in the development efforts, but a lot of things will no doubt change 

during the implementation of the plan, which may take several years. Certain parts may never 

be implemented, other parts may be implemented in a different way than originally planned, 

and completely new components may appear as the result of new needs or new technical and 

methodological break-throughs. 

A development and implementation stategy 

We are now going to discuss in some detail, how a statistical organisation could best tackle 

the challenge of developing, implementing, and maintaining an efficient infrastructure for 

managing its data and metadata. 

 

We suggest that the work is structured into the following five steps or phases: 

 

1. Benchmarking – “business intelligence”: study what others are doing. 

2. Perform a “Who? Why? What? How?” analysis. 

3. Work out a shared vision of an “ideal” data/metadata infrastructure for the organisation. 

4. Discuss the road towards the vision and set priorities. 

5. Establish project plans for reaching the goals. 

Benchmarking – “business intelligence” 

Probably the statistical organisation already has certain pieces of a data/metadata infra-

structure in place. Some of them may work well, others could probably be improved, and 

others again should maybe be totally abandoned.5 Even if an organisation has a number of 

well functioning data/metadata systems in place, there is often a lack of co-ordination 

between them, which makes it more difficult and resource consuming than necessary to keep 

them going. Furthermore, the users may experience the lack of co-ordination in the form of 

unmotivated differences between the systems (e.g. in the user interfaces), overlapping 

functions, and contradictory contents. 

 

                                                 
5
 Data/metadata systems usually cost a lot to develop and implement, and even more to maintain. This 

sometimes makes it psychologically difficult to take a decision to abandon such a system, even if everyone can 

see that the system is a failure. In such situations it is important to recall the rule that one should not throw good 

money after bad money. The bad system is a sunk cost, and hopefully one can learn some important lessons from 

analysing in an honest way, why the system became a failure. 
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A first step in a more systematic approach towards the development and implementation of 

the organisation‟s data/metadata infrastructure is to do some benchmarking, comparing one‟s 

own experiences and plans with those of other similar organisations. National statistical 

offices are in a good position for doing this kind of exercise, since almost all countries in the 

world have statistical offices, and some of them have particularly good statistical offices. 

Thus there are many places to visit (physically and/or via the Internet) for an ambitious 

benchmarker, and one can be reasonably sure that a benchmarking exercise will pay off in the 

form of many valuable insights and new ideas. 

 

Benchmarking can be seen as a form of “business intelligence”. Another way of acquiring 

knowledge relevant for the development and implementation of data/metadata systems is to 

study research results and proposed standards. The field of statistical data and metadata 

management is still in rapid development. Many researchers and experts, both in statistical 

offices and in universities are contributing to this development. With the exception of 

GESMES (GEneric Statistical MESsage, EDIFACT-standard for exchange of statistical data 

and metadata), there are few formal standards in this field so far. However, standards, or at 

least best practices, are emerging, much thanks to a very intensive international co-operation. 

For example, there have been several projects funded by the EU Research & Development 

program working on different aspects of statistical metadata management, e.g. MetaNet, 

METAWARE, and COSMOS. It is important for statistical offices that their metadata experts 

are able to follow and participate in this work as actively as possible. At the present stage of 

development, this is the best way for a statistical office to ensure that it remains well informed 

about state of the art – and is able to make maximum use of further developments in the field. 

It is of particular importance to closely follow the developments in other statistical offices. 

Academic research is also important, but it is only seldom focused on the most relevant 

problems, seen from a statistical organisation‟s point of view. 

“Who? Why? What? How?” analysis 

There are some basic questions that need to be analysed, discussed, and agreed upon at an 

early stage of the development of the corporate data/metadata infrastructure of a statistical 

organisation: 

 

 Who are the users of the corporate data/metadata infrastructure? 

 Why, for which purposes, do they need the data/metadata infrastructure? 

 What kind of data/metadata do they require from the infrastructure? 

 How can the data/metadata infrastructure be created and maintained? 

 

As regards data, the main function of the corporate data/metadata infrastructure, is to maintain 

well organised and easily accessible statistical data in there finalised form: final observation 

registers and microdatabases, final statistical cubes and macrodatabases, as well as other 

forms of final statistical products, such as electronic and printed statistical publications, 

available via the Internet or off-line, on a subscription basis (push mode) or on demand (pull 

mode). To be discussed and decided here are some important interfaces and transitions be-

tween states through these interfaces. For example, when and how should which observation 

data and associated metadata be transformed from locally stored working data/metadata into 

final observation registers (microdata + metadata) belonging to the corporate data warehouse? 

When and how should which aggregated statistics be published (made public) through the 

corporate data warehouse? How and when should other electronic and printed statistical 

products be produced from the data and metadata in the statistical data warehouse? 
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When we are talking about “users” here we are thinking of both external and internal users. A 

statistical data warehouse has both external and internal parts, and there should be a 

systematic and efficient interaction between those parts, as well as between the corporate 

warehouse and local production systems and locally stored databases. 

 

It should be recognised that different users of the corporate data/metadata infrastructure have 

quite different and sometimes even contradictory needs and requirements. It is a challenge for 

the designers of the data/metadata infrastructure of a statistical organisation to reconcile these 

differences. This must be done in a relatively sophisticated way. It is not enough just to make 

“a big compromise”.  

 

A better approach for satisfying different and sometimes conflicting needs is to design an 

infrastructure consisting of a set of basic building blocks (subsystems and components) that 

may be combined and tailored in different ways, by means of well selected, standardised 

tools, communicating via standardised interfaces, in order to satisfy different needs. Thus the 

big effort could be broken down into the following managable tasks:  

 

 define standardised interfaces 

 specify and acquire a set of standardised tools 

 specify and construct a limited set of reusable application building blocks 

 

If this approach is pursued in a successful way, it will result in rationality and efficiency in the 

data/metadata work of the organisation as a whole.  

A vision of the “ideal” statistical metainformation system 

A vision for an “ideal” statistical data and metadata management system should be establish-

ed. The vision should be closely linked to a process and database oriented model of the 

statistical production process. As far as possible, the metadata should be captured, when and 

where they occur for the first time, and entered into the corporate data/metadata system. For 

example, design processes produce design decisions, which provide, as an automatic side 

effect, metadata about the processes and the data in the system concerned. Execution 

processes (or operations) produce so-called process data, data about the performance and 

efficiency of the processes themselves. Usage processes produce feed-back from the users and 

about their usages (what they use and how often, what they look for but do not find, to what 

extent they have difficulties to find what they are looking for. Etc. It should be checked that 

the model as a whole will be able to satisfy the needs of the stakeholders, as identified and 

described earlier in this chapter. 

The road towards the vision: priority setting 

Priorities should be given to the different components of the data/metadata infrastructure. The 

data components are not such a big problem. Instead most difficult problem is to prioritise 

among the metadata components, since there are many of them, and some of them are quite 

complex. It is common for statistical offices to give priority to components like a central 

classification database and a metadata model for a central macrodatabase (typically to be used 

for dissemination of statistical outputs via the Internet). However, sometimes there may exist 

special conditions in a statistical office that makes it strategic to give priority to some other 

kind of metadata component. For example, the US Bureau of the Census found it useful to 



86 

 

give priority to a questionnaire database. By doing this, the Census Bureau could, as a side 

effect, decrease the number of different questionnaires (forms) used by their surveys from 

around 700 to around 300, a considerable saving, which was appreciated by people in the 

organisation. After this good and practical example of the usefulness of metadata components, 

it was much easier for the metadata experts to “sell” metadata components and metadata 

systems to the organisation.  

 

The “selling” of metadata systems is very much a question of forming alliances between 

different stakeholders; efforts and costs are inevitable, but they should be balanced by some 

benefits for all people and organisational units taking part in the efforts. 

Detailed planning 

Plans should be made and approved for the development and implementation of prioritised 

data/metadata components and systems. 

 

Many statistical offices are at present struggling with the development and implementation of 

corporate data warehouses, and in particular with their metadata components. Some of them 

are more or less following the steps listed above. However, the planning could often be made 

more explicit, so that the whole organisation, and not least the management, can discuss the 

strategies to be used, and the choices to be made, in a step-by-step development of an 

integrated metadata system for the statistical system of the statistical office and the statistical 

system as a whole. 

 

Similar priorities are often made by different statistical offices. A central classification 

database is usually found to be of great importance, and Internet-based dissemination 

databases with relatively advanced metadata management also tend to appear rather early. 

 

When a statistical office considers the development of a metadata component, it should both 

conceptually and technically study and try to harmonise its own development with similar 

projects in other countries. It is often recommendable to start with a basic version containing 

prioritised functions, and then continue with stepwise incorporation of more functionality 

requested by different stakeholders. Special attention should be given to on-going 

international standardisation work. 

Golden rules for statistical metadata projects 

As has already been said, the metadata part is often the most difficult part of the data/metadata 

infrastructure to design and develop. In this section we will state a number of golden rules for 

designers and project leaders of metadata projects, and for top managers of statistical 

organisations. These golden rules are base upon decades of often disappointing experiences 

from metadata projects. 

 

If you are a designer… 

 

 Make metadata-related work an integrated part of the business processes of the 

organisation. 

 

One should avoid making metadata capturing a separate activity. Separate metadata activities 

are resource-consuming and boring and may be difficult to motivate. Instead metadata should 
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– as far as possible – be generated as natural by-products of other processes that have to be 

executed anyhow. 

 

 Capture metadata at their natural sources, preferably as by-products of other processes. 

 

For example, during the design of a statistical production systems, a lot of decisions are taken 

concerning the contents and processes of the system to be constructed. If these decisions are 

properly recorded, they can provide the lion‟s share of the basic documentation of the system. 

Similarly, other metadata, e.g. metadata about the performance of the production system, so-

called process data, can be generated as side effects of the operation processes. 

 

 Never capture the same metadata twice. 

 

Store metadata as soon as they have been captured, and organise them in such a way that they 

become visible and can easily be accessed and reused. 

 

 Avoid un-coordinated capturing of similar metadata – build value chains6 instead. 

 

Similar, but not identical, metadata may be needed for different purposes. For example, 

different users of statistics may require metadata of different depth and presented in different 

ways. Capturing and maintaining similar metadata without sufficient co-ordination will cause 

duplications of efforts and may at worst result in metadata that are, or seem to be, in 

contradiction to each other. A way out of this problem is to create so-called value chains, 

starting from a basic set of metadata, and then refining these metadata in different directions 

into metadata end products that are tailor to different needs. For example, a basic 

documentation of a statistical production system may be refined into different kinds of 

product overviews and quality declarations. 

  

 Whenever a new metadata need occurs, try to satisfy it by using and transforming existing 

metadata, possibly enriched by some additional, non-redundant metadata input. 

 

This is another situation where the value chain approach is useful. 

 

 Transform data and accompanying metadata in synchronised, parallel processes, fully 

automated whenever possible. 

 

Data management processes in statistical organisations have been formalised and automated 

for a long time. In contrast, the necessary, accompanying metadata have remained manually 

handled to a great extent, and the manual metadata transformations have not been well co-

ordinated with the automated data transformations. For example, one and the same variable 

may (more or less unconsciously) have been given different name labels by (a) the designer of 

a questionnaire, (b) the programmer of data collection and data management software, (c) a 

programmer of tabulations, and (d) an editor of output tables as presented in statistical 

publications. 

 

 Do not forget that metadata have to be updated and maintained, and that old versions may 

often have to be preserved. 

 

                                                 
6
 Michael E. Porter 
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For example, old versions of classification – as well as correspondence keys between different 

versions – need to be automatically available, when old data are reused, and when time series 

are formed from data created with reference to different classification versions. 

 

If you are the project co-ordinator… 

 

 Make sure that there are clearly identified “customers” for all metadata processes, and that 

all metadata capturing will create value for stakeholders. 

 

The “customers” may be internal or external, and they may be users of statistics or other types 

of stakeholders. 

 

 Form coalitions around metadata projects. 

 

All partners of a metadata project should both contribute something and gain something from 

the project. Preferable each partner should gain more than he or she contributes – a win/win 

situation. As a collective the coalition should control all resources needed, including the 

necessary management authority, to make the metadata project a success. 

 

 Make sure that top management is committed. Most metadata projects are dependent on 

constructive co-operation from all parts of the organisation. 

 

 Organise the metadata project in such a way that it brings about concrete and useful 

results at regular and frequent intervals. 

 

Like the metadata strategy as a whole has to be broken down into concrete projects that can be 

completed within a limited time and with limited resources, each metadata project should, 

unless it is very small, be organised into subprojects and steps that can be safely managed and 

that will produce concrete results, which users appreciate and find useful. 

 

If you are the top manager… 

 

 Make sure that your organisation has a metadata strategy, including a global architecture 

and an implementation plan, and check how proposed metadata projects fit into the 

strategy.  

 

 Either commit yourself to a metadata project – or don‟t let it happen. Lukewarm 

enthusiasm is the last thing a metadata project needs. 

 

There is often scepticism in the organisation against metadata projects – for both good and 

bad reasons. Moreover, metadata projects are usually strategic projects for the organisation. If 

they should be carried out at all, mangers on different levels and in different parts of the 

organisation must be committed to the project. The top manager is the obvious enabler of this 

commitment. 

 

 If a metadata project should go wrong – cancel it; don‟t throw good money after bad 

money. 

 

Metadata projects are often more abstract, more complex, and more difficult to manage than 

many other types of projects. It is nothing to be ashamed over to fail now and then. But watch 
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out for early signs of fatal problems, and encourage project leaders to admit that problems 

exist. Discourage idealizing progress reports. 

 

 When a metadata project fails, make a diagnosis, learn from the mistakes, and do it better 

next time. 

 

There is not so much need for finding scapegoats. It is much more important to learn for the 

future. 

 

 Make sure that your organisation also learns from failures and successes in other 

statistical organisations. 

 

Benchmarking and international co-operation is always useful. 

 

 Make systematic use of metadata systems for capturing and organising tacit knowledge of 

individual persons in order to make it available to the organisation as a whole and to 

external users of statistics. 
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5 Quality of statistical data 
The term “quality” is used in two modes, a neutral mode and a normative mode. In the neutral 

mode, “quality” has more or less the same meaning as “property”. The quality (or rather the 

qualities) of statistical data would then mean the same as the properties of statistical data, 

which we have discussed at some length and depth in the previous chapters of this book. 

Since statistical metadata and documentations of statistical data are descriptions of (the 

properties of) statistical data, they could also be seen as quality descriptions, and this is the 

view we took in the previous chapter of this book. 

 

In the normative mode, it is meaningful to talk about good quality, better quality, worse 

quality, and bad quality. But what is good quality of statistical data can often not be 

determined in an absolute and general sense. Like beauty is in the eyes of the beholder, good 

quality is related to the user and usage of statistical data. What is good or acceptable quality 

for one purpose may be unacceptably bad quality for another purpose. 

 

We mentioned already in the previous chapter how the quality concept of statistical data can 

be seen as built up from a number of quality dimensions like relevance, accuracy, timeliness, 

clarity, comparability, and coherence. Some of these dimensions are more normative, or 

dependent on intended usage and purpose, than others. For example, the relevance of 

statistical data must obviously be related to explicitly stated or implicitly assumed purposes. 

Here the role of the producer of the statistical data is to describe the contents and (other) 

properties (qualities) of the data in such a way that a potential user of the data is able to judge 

for herself, whether the data are sufficiently relevant for her intended usage. 

 

On the other hand, there are quality dimensions that seem to b less dependent on intended 

usage. Accuracy is one example. More accurate statistical data will always be better than less 

accurate data. Or will they? More accurate data will often be more costly than less accurate, 

for example by requiring larger sample sizes and more expensive data collection, and from a 

user‟s perspective (and also from the perspective of respondents and funders), it may be better 

to choose a design alternative that results in less but sufficiently accurate data for an intented 

purpose. 

 

When statistical data are intended for multiple purposes, which is often the case for official 

statistics, it becomes even more complex to judge what is good quality. Similarly, and for the 

same reasons, it is usually more difficult to judge the normative quality of microdata than of 

aggregated statistics – which are usually produced for more welldefined users and usages than 

microdata to be stored for future, potentially very flexible usages in a register or a database. 

5.1 Quality and errors 

5.1.1 Quality as absence of errors 

Statisticians have the habit of speaking more about “errors” than about “quality”, and there is 

a good reason for this. It is easier to identify and sometimes even measure errors, and to 

discuss possible causes of the errors, rather than describing, measuring, and analysing quality 

directly. Indirectly, quality may be defined as “absence of errors”. 

 

Naturally, in practice there is no such thing as (complete) absence of errors in statistical data. 

There are always errors of different kinds, and for different reasons, in statistical data. The 

errors may be described and analysed as deviations of estimated values and true values, or, in 
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other words, as discrepancies between the real world “as it really is” and as it looks like 

through statistical data, obtained and transformed through statistical processes, and interpreted 

by people, users of statistics. 

5.1.2 Discrepancies between reality “as it is” and as reflected by 
statistics 

According to the definitions earlier in this book, a statistic is an estimated statistical 

characteristic (cf Figure 40). However, in practice the collective term “statistics” usually 

denotes estimated values of statistical characteristics, that is, one does not make a clear 

distinction between a statistic and its value. Similarly one does not always make clear 

distinctions between parameters and their values, variables and their values, etc. This is 

unfortunate, but probably it is something that we have to live with. 

 

 

 
 

Figure 40. Statistics = estimated statistical characteristics. 

(Zoom in the electronic version of this figure to make it readable.) 

 

In analogy with the definition of a statistical characteristic, a statistic is defined as 

 

 an estimator (e) applied on 

 observed values of one or more observed variables (V‟)7 

 for a set of observed objects (O‟) allegedly belonging to a certain population (O) 

 

The value of a statistic should be “close to” the (true) value of the statistical characteristic that 

it aims at estimating. 

 

Examples of statistics: 

                                                 
7
 The observed variable V‟ is assumed to be an operationalisation of the “real” or “ideal” variable V. V (and V‟), 

again, may be a vector of variables. 
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 the estimated number of persons living in Sweden at the end of 2001 

 the estimated average income of persons living in Sweden at the end of 2001 

 the estimated correlation between sex and income for persons living in Sweden at the end 

of 2001 

 

A shorthand notation for a statistic is O‟.V‟.e, where  

 

 O‟ is the set of observed objects, allegedly belonging to the population O  

 V‟ is the observed variable (or vector of variables), an operational proxy for V 

 e is an estimator, aggregating the observed values of V‟ so as to produce a value of the 

statistic that is a “good” estimate of the true value of the statistical characteristic 

 

The estimator e should obviously bear some kinship to the statistical measure m, but in 

addition it should make efficient use of any information available about all kinds of errors and 

uncertainties in observed data. 

 

Ideally, we would of course like statistics to be true values of statistical characteristics, but for 

many reasons this is impossible. Instead we have to find as good estimates as possible of the 

true values. We should also try to estimate, or at least judge, how “good” or “bad” the 

estimates actually are, in different respects. 

 

Thus estimated values of statistical characteristics, as produced by a statistical production 

system, as presented in statistical tables and graphs, and as finally interpreted by users of 

statistics, inevitable differ from the true values of the “ideal” statistical characteristics in a 

number of different ways and for a number of different reasons. An overview of the 

discrepancies is given by Figure 41. 

 

 
 

Figure 41. Discrepancies between reality ”as it is” and as it is reflected by statistics: what 

they are, and why they occur.  

(Zoom in the electronic version of this figure to make it readable.) 
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OBJECTIVE REALITY

reality as it ”really” is

(ideal)

statistical characteristics

(of interest)

- (ideal) populations

- (ideal) variables

- (true) values

CONCEPTUALISED

REALITY

reality as conceived and

operationalised by

designers

REALITY AS

REPRESENTED BY DATA

reality as perceived by

respondents and

represented by data

STATISTICS ABOUT

REALITY

AS INTEPRETED BY USERS

reality as understood by

users when interpreting

statistical data

DISCREPANCIES:

- coverage (first kind)

- sampling

- operational definitions of

  variables deviate from ideal

  definitions

DISCREPANCIES:

- coverage (second kind)

- respondents and/or objects

  cannot be located

- respondents refuse

- respondents misinterpret

- respondents make errors

  (conscious, unconscious)

DISCREPANCIES:

- frames of reference differ

  between users, designers,

  and respondents (and

  between useres)

- understanding of statistical

  methodology

statistical target characteristics

- target populations

- populations to be observed

- target variables

observed object characteristics

- observed objects

- observed variables

- observed values

interpreted statistics



93 

 

 reality as it is represented by data during the statistical production processes 

 reality as it is interpreted by users of statistics 

5.1.3 Types and causes of discrepancies and errors 

The types and causes of discrepancies may be grouped into three major categories: 

 

1. discrepancies occurring during the design processes 

2. discrepancies occurring during the operation processes 

3. discrepancies occurring during the usage processes 

Discrepancies occurring during the design processes 

During the design process it is necessary to operationalise the “ideal” statistical characteristics 

of interest into statistical characteristics that can realistically be measured within the limita-

tions given by available time and resources.  

 

The operationalised statistical characteristics that the statistical production system should try 

to estimate are called statistical target characteristics, and the populations and variables 

involved are called target populations and target variables.  

 

Some examples of what the operationalisation during the design process may lead to: 

 

 The “ideal” populations may be replaced by target populations, the objects of which can 

be identified and located by means of some existing registers. As a result, some objects 

belonging to the ideal population may be missed (undercoverage), and some others, which 

do not belong to the ideal population may be included in the target population 

(overcoverage). 

 

 The observations may be limited to samples of objects. This leads to sampling errors. 

 

 The “ideal” variables may be operationalised target variables, which are easier measure, 

but which may be less relevant. For example, the income reported by a person in her 

income statement to the tax authorities will be easier to measure than the “true” income, 

but it will exclude income components that are not subject to taxation, and those which 

have to be reported may be systematically underestimated. 

Discrepancies occurring during the operation processes 

During the operation of the statistical production system further discrepancies will arise: 

 

 A second form of coverage error may occur, if it has to be determined during the 

observation process, whether a certain object belongs to the target population or not. For 

example, an interviewer may have to ask a respondent whether he or she has a certain 

inclusion property or not, and of course the response to such a question are subject to the 

same kind errors as responses to other questions (see next items in this list). 

 It may not be possible to locate some respondents and/or objects to be observed. 

 Respondents refuse to answer questions. 

 Respondents misinterpret questions in the sense that they do not interpret them as 

intended by the designers. 
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 Respondents give wrong answers, intentionally or by mistake. 

 Further errors may occur during the processing of collected data, e.g. because of human 

mistakes or technical dysfunctions. 

Discrepancies occurring during the usage processes 

Users may misinterpret statistical data presented to them: 

 

 Users will have other frames of reference (ref: section...) than the designers and operators 

of the statistical system. 

 Explanations and documentation accompanying the statistical data may be insufficient or 

difficult to understand for the users. 

 Users may have insufficient understanding of statistical methodology. 

5.1.4 Discrepancies, errors, uncertainties, or…? 

Some of the discrepancies discussed above are often labeled as “errors”. The term “error” is 

in a way misleading. “Uncertainty” is sometimes a better term. Some discrepancies between 

“ideal” and “target” entities are neither errors, nor uncertainties; they are instead the result of 

deliberate choices that have been made for practical reasons (time and resources available, 

conceptual problems, etc). 

 

We know by now that we will not have any “true values of the variables of interest for all 

objects that truly belong to the population” to start the computation from. Instead we will 

have proxy values of proxy variables for a proxy population. Depending on how well we have 

been able to handle the problems stated above, the proxies maybe good or bad. Hopefully, we 

should at least able to say something about how good or bad they are, and what we could 

possibly do to partially compensate for the deficiencies, when we compute, not the true 

values, but estimated values of the statistical characteristics. 

 

This is very much what survey theory is about, and it is also very much of what a theory of 

production of official statistics must deal with.  

 

Figure 42 and Figure 43, and Figure 44 further illustrate the discrepancies between the true 

value and the estimated value of a statistical characteristic. As indicated, there is a parallel 

between the two concepts and their respective constituents.  

 

statistical characteristic estimated statistical characteristic 

statistical measure estimator 

object characteristic observed object characteristic 

population observed (sample of) population 

object observed object 

variable observed variable 

value set observed value set 

value observed value 

 

Figure 42. Parallels between subconcepts in ”statistical characteristic” and ”estimated 

statistical characteristic”. 
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Figure 43. Discrepancies between the concepts of “statistical characteristic” and “estimated 

statistical characteristic”. 
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characteristic of interest,
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certain user in a certain usage situation, the

”ideal” statistical characteristic for that purpose

target characteristic,
the statistical characterstic that the statistical

survey aims at estimating, according to a
design decision, where known user needs

have been taken into account

actual estimate,
the actual, estimated value of the target

characteristic, based upon actually
observed values as affected by errors and

uncertainties of different kinds

relevance discrepancy -
can only be judged in relation to

a certain user’s usage
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producer, independently of usage
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Figure 44. The quality of statistical data from a user perspective. 

 

5.1.5 The total error 

The discrepancy between the statistical characteristic and the estimated statistical charac-

teristic, the so-called total error, is made up by the induvidual discrepancies that we have 

discussed. Statistical metadata and quality declarations should inform about these discrepan-

cies and errors, and should give guidance to users and potential users of statistical data about 

how to best cope with the discrepancies in different situations. 

5.2 Quality dimensions 

There are several quality dimensions for statistical data, notably 

 

 relevance 

 precision or accuracy 

 timeliness 

 availability and clarity 

 comparability 

 coherence 

 completeness 
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For some quality dimensions, it is not possible to give objective, quantitative measures. For 

example, the relevance of a statistical output can only be analysed and described in relation to 

a certain purpose. In most cases it is the user of the statistical output who can best judge the 

relevance of the statistical output with regards to the purpose that the user has in mind. What 

the producer can do is to provide good metadata about the meaning and accuracy of the 

statistical data. 

 

Metadata about the accuracy of statistical outputs would focus on different kinds of errors, or 

uncertainties, causing a discrepancy between the estimated and the true value of a statistical 

characteristic (cf Figure 43), such as  

 

 coverage errors 

 sampling errors 

 non-response errors 

 measurement errors 

 processing errors 

 model assumption errors 

 

It is difficult to give quantitative measures of some of these errors. Then the producer must try 

to give informative verbal descriptions as guidelines for the users‟ own judgments. 

 

Metadata about comparability could contain information about the extent to which standards 

have been followed. For example, if internationally established definitions and procedures 

have been followed, it is more likely that a statistical output from different countries will be 

comparable with each other. 

 

It should be noted that a metainformation system is usually not able to give a direct and 

explicit answer to a question whether certain statistical data are relevant and of sufficiently 

good quality for a certain purpose. This question can only be answered by the user herself, but 

good metadata, documentations, and quality declarations can provide a basis for the user‟s 

decision by informing about definitions and quality components.  

 

Similarly, questions about comparability may be difficult for a producer of statistical data to 

answer directly. By informing about the extent to which contents definitions follow 

established national and international standards, the user will have a basis for determining 

whether the comparability is sufficient for the intended use of the statistics. 

5.3 Eurostat’s quality concept 

 

This section is based on Eurostat‟s definition in Eurostat (2003a). The concept has been 

redefined a number of times and will probably continue to be redefined. The reader is referred 

to Eurostat‟s website for the most recent version. 

 

5.3.1 Introduction 

The major topics that should be addressed in a report on quality are described according to the 

six quality dimensions. The items to be included in the report are described in the Eurostat 

document „Standard quality report‟ of October 2003, Eurostat (2003b). 
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5.3.2 Definition of quality 

Quality is defined in the ISO 8402 - 1986 as: “the totality of features and characteristics of a 

product or service that bear on its ability to satisfy stated or implied needs”. 

Eurostat’s definition of quality of statistics 

Quality of statistics is defined by Eurostat with reference to the following six criteria: 

 

 relevance 

 accuracy 

 timeliness and punctuality 

 accessibility and clarity 

 comparability 

 coherence 

 

Although not a measure of quality, the costs involved in the production of statistics as well as 

the burden on respondents act as a constraint on quality. When assessing the ability of a 

Member State to comply with quality guidelines, it is necessary to take into account the cost 

and burden of statistics. 

 

Relevance 

 

Relevance is the degree to which statistics meet current and potential users‟ needs. It refers to 

whether all statistics that are needed are produced and the extent to which concepts used 

(definitions, classifications etc.) reflects user needs. 

 

Accuracy 

 

Accuracy in the general statistical sense denotes the closeness of computations or estimates to 

the exact or true values 

 

Timeliness and punctuality 

 

Punctuality refers to the time lag between the release date of data and the target date when it 

should have been delivered, for instance, with reference to dates announced in some official 

release calendar, laid down by Regulations or previously agreed among partners. 

 

Timeliness of information reflects the length of time between its availability and the event or 

phenomenon it describes 

 

Accessibility and clarity 

 

Accessibility refers to the physical conditions in which users can obtain data: where to go, 

how to order, delivery time, clear pricing policy, convenient marketing conditions (copyright, 

etc.), availability of micro or macro data, various formats (paper, files, CD-ROM, Internet…), 

etc. 

 

Clarity refers to the data‟s information environment whether data are accompanied with 

appropriate metadata, illustrations such as graphs and maps, whether information on their 

quality also available (including limitation in use…) and the extend to which additional 
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assistance is provided by the NSI. 

 

Comparability 

 

Comparability aims at measuring the impact of differences in applied statistical concepts and 

measurement tools/procedures when statistics are compared between geographical areas, 

nongeographical domains, or over time. We can say it is the extent to which differences 

between statistics are attributed to differences between the true values of the statistical 

characteristic. 

 

There are three main approaches under which comparability of statistics is normally 

addressed: comparability over time, between geographical areas, and between domains. 

 

 Comparability over time refers to comparison of results, derived normally from the same 

statistical operation, at different times. 

 

 The geographical component of comparability emphasises the comparison of statistics 

between countries and/or regions in order to ascertain, for instance, the meaning of 

aggregated statistics at European level. 

 

Geographic comparability is not of course limited to the comparability within EU. The EU 

statistics can be compared with other international statistics, for example with Japan and 

USA. In the EU context, it can exist a European reference, to which each Member State 

statistic could be benchmarked 

 

 Comparability between domains refers to non-geographical domains, for instance between 

industrial sectors, between different types of households, etc. 

 

Coherence 

 

Coherence of statistics is therefore their adequacy to be reliably combined in different ways 

and for various uses. It is, however, generally easier to show cases of incoherence than to 

prove coherence. 

 

When originating from a single source, statistics are normally coherent in the sense that 

elementary results derived from the concerned survey can be reliably combined in numerous 

ways to produce more complex results. 

 

When originating from different sources, and in particular from statistical surveys of different 

nature and/or frequencies, statistics may not be completely coherent in the sense that they 

may be based on different approaches, classifications and methodological standards. 

Conveying neighbouring results, they may also convey not completely coherent messages, the 

possible effects of which, users should be clearly informed of. 

5.3.3 Remarks 

 

1. There is a trade-off between the different components of quality, especially: 

timeliness/accuracy, accuracy/geographic comparability, relevance/comparability over time, 

relevance/accuracy, coherence for large domains/relevance for sub-domains, etc. 
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2. The above breakdown of quality into components is not unique neither invariant over time. 

Other organisations use slightly different sets of quality dimensions. For instance, 

 

 Statistics Canada uses six dimensions: relevance, accuracy, timeliness, accessibility, 

interpretability, and coherence (from Statistics Canada, 2002, "Statistics Canada's Quality 

Assurance Framework", Catalogue nr. 12-586-XIE, 

http://www.statcan.ca/english/freepub/12-586-XIE/12-586-XIE02001.pdf); and 

 

 Statistics Sweden uses five: content, accuracy, timeliness, comparability/ coherence, and 

availability/clarity (from Rosén, B., and Elvers, E., 1999, "Quality Concept for Official 

Statistics" pp. 621-629 in S. Kotz, C.B. Read, and D.L. Banks (eds.), Encyclopedia of 

Statistical Science, Update Vol. 3, Wiley, New York). 

 

Other frameworks for assessing the quality are also in place. 

 

 The International Monetary Fund (IMF) has developed its own framework (Carson, Carol 

S., February 2001, “Toward a Framework for Assessing Data Quality”, IMF Working 

Paper, WP/01/25). IMF uses six components: Integrity, Methodological Soundness, 

Accuracy and Reliability, Serviceability, Accessibility and Prerequisites of Quality 

 

 The OECD has developed a quality framework with eight components: Relevance, 

Accuracy, Credibility, Timeliness, Punctuality, Accessibility, Interpretability and 

Coherence (OECD (2002) Quality framework for OECD statistics. OECD. Paris. 

Available at www.oecd.org/doc/m00029000/m00029990.doc.). 

 

 

  

http://www.statcan.ca/english/freepub/12-586-XIE/12-586-XIE02001.pdf
http://www.oecd.org/doc/m00029000/m00029990.doc
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