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Modern societies are complex and interdependent. We have become painfully aware of how
environmental problems and financial crises with local origins may very quickly escalate into
major global headaches with consequences affecting almost all aspects of our lives.
In countries with great ambitions in so-called social engineering and the development of a
welfare state, providing good living conditions for all citizens, there is a growing need for
more and better official statistics as a basis for decision-making, planning, and evaluation.
Businesses of all kinds also demand good official statistics, both on a national level and
internationally, in order to be able to discover and exploit business opportunities. At the same
time as there is an ever-growing demand for more and better, and maybe in particular more
comprehensive and coherent official statistics, there are budget and time constraints forcing
all producers of official statistics to economise on resources, especially in the very expensive
production phase of data collection. Respondents also expect producers of official statistics to
reduce the response burden and to harmonise data collection for official statistics with the
natural business processes of the data providers, be they companies, organisations or citizens.
This paper discusses how producers of official statistics could possibly meet all these
challenges. There are alternatives to traditional data sources and data collection methods that
may be exploited for statistical purposes, e.g., administrative registers and information
systems, as well as data archives. The rapidly growing use of computerised information
systems communicating via the Internet results, as a side-effect, in large volumes of
“electronic footprints” that could possibly be exploited for statistical purposes – without
harming the privacy of people or the confidentiality of business activities. In order to come to
grips with growing problems associated with some traditional forms of statistics production,
and to reap the potential benefits of the new possibilities, it is argued that we must adopt
a more holistic approach, a systems approach, to official statistics. This paper elaborates
such a holistic approach from a number of different perspectives.
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1. Paradigms in the History of Official Statistics

Official statistics has a long history, and different paradigms have prevailed during

different time periods. Paradigm shift have occurred from time to time. As pointed out

by Nordbotten (2009), the rolls from which conscripts were called for working on the

pyramids in ancient Egypt may have been among the first data sources for preparing

statistics.
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The word “statistics” has its roots in the Latin statisticus, meaning statesman, politician.

Heads of state, military leaders, and Churches have shared a need to keep records of citizens

and other kinds of resources for different reasons, most importantly maybe in order to be

able to mobilise armies and to finance military and other undertakings, but also in order to

keep track of social, economic, and spiritual conditions within their realms of power.

1.1. Data About the State – Bookkeeping Concerning Citizens and Resources

Gottfried Achenwall, a German political scientist, used the term Statistik for the first time

in his work Staatsverfassung der heutigen vornehmsten europäischen Reiche und Völker

im Grundrisse (1749). Here Statistik is a comprehensive term denoting the social, political,

and economic features of a state, a designation which corresponds fairly well to the

present understanding of the term “official statistics,” as used by national statistical

institutes and international organisations. An even shorter definition along the same lines

is “data about the state”.

Thus originally statistics was a kind of bookkeeping, organised by statesmen and centres

of power, such as the Church. People and resources were enumerated, counted,

and summarised in simple, but systematic ways. The bookkeeping paradigm is still clearly

visible in official statistics, reflected in the use of registers as well as in the bookkeeping

approach to operations such as data editing, where it still prevails to a great extent – though

it is now finally (maybe) being replaced by more economic methods such as significance

editing (also called selective editing or macroediting). The bookkeeping approach means

that all observation data (primary data) should ideally be complete and correct, regardless

of their relative importance for the finally produced, aggregated statistics.

1.2. Mathematical Foundation

Mathematical methods entered the theories and practices of official statistics during

the first half of the 20th century, and statistics viewed as applied mathematics has

remained a dominating paradigm in official statistics. Mathematically based official

statistics has its roots in probability theory, founded by scientists like Fermat, Pascal,

Huygens, Bernoulli, Bayes, Laplace, Gauss, Kolmogorov, Cramér, and many others.

1.3. Probability-based Sample Surveys

During the first half of the 20th century, statisticians developed the theory of probability-

based sample surveys into a very efficient tool for obtaining strikingly accurate

estimations of population parameters on the basis of a limited number of observations,

representing the whole population. The statistical discipline rapidly developed from being

just a branch of mathematics, to becoming a scientifically well-founded practical tool

for obtaining summarised quantitative knowledge about society, “data about the state,”

to return to the definition of Achenwall. The theory of statistical (sample) surveys,

frequently and successfully put into practice in official statistics during the last few

decades, has incorporated methods not only from mathematics but also from the

behavioural sciences, especially in connection with the data collection process: design and

operation of questionnaires and other measurement instruments, etc.
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Tore Dalenius (Sweden), Leslie Kish (Austro-Hungarian Empire and United States),

and Slobodan Zarkovich (Yugoslavia and United Nations) are three persons who have

made important contributions to the development of survey methodology for official

statistics, and who have educated a next generation of survey statisticians. Representative

works of these authors are (Dalenius 1957), (Kish 1965), and (Zarkovic 1966) Dalenius

was the first professor in official statistics at Stockholm University, succeeded by Daniel

Thorburn. Today much of the development of survey methodology for official statistics

takes place in the United States and in Canada, often though with researchers from other

parts of the world as key figures.

1.4. Use of Data from Administrative Registers

In countries with great ambitions in so-called social engineering and the development of

a welfare state, providing good living conditions for all citizens, the second part of the

20th century led to the establishment of administrative registers and information systems

supporting socio-economic reforms. Especially in the Nordic countries, with their long

traditions of population registration by the Church, the potential of administrative registers

as survey frames and data sources for official statistics was early realised. First the use

of administrative data in the production of official statistics was questioned by many

survey statisticians and national statistical institutes. For example, as late as during a

session on administrative registers during the ISI meeting in Beijing in 1995, prominent

representatives of Eurostat strongly opposed the use of administrative data in official

statistics. However, budget constraints and a never-ending increase in the demand for

more, and more timely, official statistics, soon made it clear that national statistical

institutes could and indeed must make better use of data from administrative sources,

and statistical methodologists increased their efforts to overcome the inevitable

methodological problems associated with such data.

1.5. Reuse of Archival Data – Archive Statistics

Probability-based sample surveys and the use of administrative data for statistical

purposes are two important ways of obtaining statistical information about a society in an

economical way. Another way of economising on resources, and also speeding up the

production of official statistics, is to reuse survey data that have already been collected

earlier and/or for other purposes than those at hand. This approach (in combination with

use of administrative data) was advocated by Professor Svein Nordbotten in some seminal

papers published as early as the 1960’s. See Nordbotten (1966, 1967a,b,c). This approach,

called archive statistics, or the statistical file system approach, could be seen as a

forerunner of the now well-established data warehouse approach, and like the latter it was

highly dependent on high-quality documentation and metadata, so that the “fitness for

purpose” of the existing data for new purposes could be responsibly judged.

2. The Systems Approach – A Paradigm for the 21st Century?

Modern societies are complex and interdependent. We have become painfully aware of

how environmental problems and financial crises with local origins may very quickly
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escalate into major global headaches with consequences affecting almost all aspects of

our lives.

Not surprisingly, politicians, business people and the public at large expect official

statistics to reflect the complexities of modern societies, so that these complexities and

interdependences become visible, understandable and ultimately manageable. At the same

time there are a number of constraints that have to be obeyed in the production of official

statistics. As always, there are budget constraints: more statistics and new statistics are

demanded, and some of these statistics are not so easy to obtain – or even define. At the

same time some traditional data sources, e.g., personal interviews, are becoming more

difficult and more expensive to make use of. At a recent international conference on

Modernisation of Statistics Production, organised by Statistics Sweden (2009), Colm

O’Muircheartaigh (2009) mentioned that data collected for high-quality surveys in the

United States may now cost as much as 1,500 USD per interview. Some respondents are

very difficult to identify, locate, and contact in the first place, and others, especially

businesses, are reluctant to spend the time and effort needed to fill in questionnaires,

especially when the data requested by statistical agencies are not easily obtainable from

their own bookkeeping systems.

On the other hand there are new sources of data and new data collection methods that

may be exploited for statistical purposes. I have already mentioned administrative

registers and information systems, as well as data archives. The use of computerised

information systems communicating via the Internet in almost all areas of the lives of

citizens and activities of businesses implies an enormous production of “wild” data that

could possibly be “tamed” for statistical purposes – without harming the privacy of people

or the confidentiality of business activities.

However, in order to come to grips with the growing problems associated with

some traditional forms of statistics production, and to reap the potential benefits of the

new possibilities that present themselves at a high pace, we must adopt a more

holistic approach to official statistics, an approach that reflects the increased

complexities in the real world described by official statistics, while at the same time

combining useful features of different modes of obtaining, processing, and analysing

data for official statistics.

The systems approach is a holistic approach and a scientific paradigm that should be

investigated and tried more ambitiously and systematically over the years to come, as a

possible instrument for dealing constructively and successfully with the challenges facing

users and producers of official statistics.

As an intelligent combination of data collection methods (face-to-face, telephone,

paper, web), so-called mixed-mode, may improve the quality and/or reduce the costs of a

traditional statistical survey, a well-designed system of different data sources and

production procedures (registers, surveys, archives, etc) may serve users of official

statistics better than just a set of uncoordinated statistical surveys alone, even though every

individual statistical survey may be better focused on a particular information need.

A statistical system may aim at the needs of a relatively small and homogeneous group

of users, or a larger group of users with rather disparate and maybe even contradictory

needs. National and international systems of official statistics obviously belong to the

second category.
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2.1. What is a System – and What is the Systems Approach?

The systems approach is not so easy to define and explain. Churchman (1968) wrote

a famous book on the topic many years ago, and he found it difficult too. After spending

several hundred pages on analysing and illustrating the systems approach by means of

many practical examples and applications, he concluded his book with the simple, but very

open-ended statement that “the systems approach is not a bad idea”.

The basic concepts of the systems approach is summarised on the next two pages,

heavily based upon Heylighen (1998). Selected readings on systems thinking, by a

large number of prominent researchers, can also be found in Emery (1969, revised 1981).

The systems approach was elaborated by von Bertalanffy (1968). He noted that all

systems studied by physicists are closed systems: they do not interact with the outside

world. When a physicist makes a model, she assumes that all masses, particles, forces

that affect the system are included in the model. It is as if the rest of the universe did

not exist. This makes it possible to calculate future states with perfect accuracy, since

all necessary information is known.

However, as a biologist von Bertalanffy knew that most practical phenomena cannot

be treated as closed systems. If a living organism is separated from its surroundings, it

will die shortly because of lack of oxygen, water, and food. Organisms are open

systems: they cannot survive without continuously exchanging matter and energy with

their environment. Open systems interact with other systems outside of themselves

through inputs and outputs. A system and its environment are in general separated by a

boundary, an interface. The output of a system is in general a direct or indirect result of

the input. But the system is not just a passive tube, but an active processor, a

transformer. For example, the food, drink and oxygen we take in, leave our body as

urine, excrements, and carbon dioxide. The transformation of input into output by the

system is usually called throughput. This has given us the basic components of a

system as it is understood in systems theory; see Figure 1.

When we look more closely at the environment of a system, we see that it, too,

consists of systems interacting with their environments. For example, the environment

of a person is full of other persons. If we now consider a collection of such systems

which interact with each other, that collection can again be seen as a system. For

example, a group of interacting people may form a family, a firm, or a city. The mutual

System

ThroughputInput Output

Boundary

Environment

Fig. 1. A system in interaction with its environment. From Heylighen (1998)
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interactions of the component systems, or parts, are what makes the system as a whole

something more than the sum of its parts. With respect to the whole, the parts are seen

as subsystems. With respect to the parts, the whole is seen as a supersystem.

If we look at a system as a whole, we do not need to be aware of all its parts. We can

just look at its total input and total output without worrying which part of the input goes

to which subsystem. For example, if we consider a city, we can measure the total

amount of fuel consumed in that city (input), and the total amount of pollution

generated (output), without knowing which person was responsible for which part of the

pollution. This point of view considers the system as a black box, something that takes

in input, and produces output, without us being able to see what happens in between. In

contrast, if we can see the system’s internal processes, we might call it a white box, or,

maybe better, a transparent box. The black box approach is often necessary for the

human brain to be able to grasp a complex system. However, when necessary, one may

make a black box transparent, in order to see the details of the inside of a system – this

requires that the inside of the system is knownable, though, which is not always the

case. See also Figure 2.

These two complementary views of the same system, “black” and “transparent,”

illustrate a general principle: systems are structured hierarchically. They have different

levels. At the higher level, you get a more abstract, encompassing view of the whole,

without attention to the details of the components or parts. At the lower level, you see

a multitude of interacting parts but without understanding how they are organised to

form a whole.

2.2. Different Types of Systems

There are different types and views of systems. I have already talked about open vs closed

systems, and about black box views vs transparent views. There is also a distinction

between soft systems and hard systems. Hard systems, e.g., technical systems, are

associated with quantifiable variables, whereas soft systems usually involve people and

Fig. 2. A system as a transparent box, containing a collection of interacting subsystems, and as a black box,

without observable components. From Heylighen (1998)
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both quantifiable variables, and variables that are not easy to quantify; see, for example,

Checkland (1981) and later works by the same author.

We may also distinguish between man-designed systems and systems that are just

“given” – by God, by Nature, or whatever we choose to believe. Among the man-designed

systems we may distinguish between man-independent systems (or parts of systems) that

will continue to exist, at least for some time, even if all human beings disappear from

Earth, and man-independent systems that are what Berger and Luckmann (1966) call

social constructions of reality, in the sense that they will cease to exist if they lose their

human components. Buildings are examples of the former category, whilst enterprises are

examples of the latter.

3. Statistical Systems

A statistical system, however it is more precisely defined, is certainly an open, soft,

man-designed system. See Figure 3 from Sundgren (2004a) and cf Figure 1 above.

There is an ongoing complex exchange of data and actions between the statistical

system and its environment. The situation and changes in the environment (a society)

are reflected by data and data updates in the statistical system. Decision-makers

interpret data from the statistical system, assisted by analysts and researchers, and

they make decisions that change reality (the society), and in the following iterations

they may see and evaluate the effects of their decisions as reflected by the statistical

system (and other information systems in the environment of the statistical system).
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Raw
data

OBS
data

Stat

Request Response

Require-
ment

Require-
ment

Require-
ment

Require-
ment

External reality

End
prod.

Fig. 3. A statistical system in its environment. From Sundgren (2004a)
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3.1. Types and Typologies of Statistical Systems and Subsystems

There are different types of statistical systems (and subsystems) – and types of types,

typologies. Hierarchies of environments and statistical systems and subsystems may

be formed in different ways, on different levels and from different perspectives.

For example, statistical systems may be categorised according to the paradigms

discussed in a previous section: bookkeeping systems, registers, censuses, sample surveys,

archives, etc, and combinations of these. Alternatively, statistical systems may be

categorised along geographical/political dimensions: national, international, regional,

local, etc.

Statistical systems are often categorised by contents, but it is becoming more and more

difficult to find a natural hierarchy of topics, since different sectors of society (and hence

different kinds of official statistics) are becoming more and more interrelated and

overlapping. Nevertheless most national and international organisations try to maintain

some kind of hierarchical categorisation of official statistics by contents, at least for

practical and organisational reasons.

The components (subsystems, parts) of a statistical system may be categorised

according to function. The functions may correspond to processes and subprocesses, or to

data/metadata sets and subsets. See Figures 4–6 from Sundgren (2004a).

Figure 4 illustrates a statistical system as seen from a design/evaluation, monitoring,

and control point of view. Metadata (data about data) and process data (data about

processes, also called paradata) are important components in the control of a statistical

system.

Figure 5 focuses on the main operations of a statistical system, and Figure 6 provides

more details about different kinds of metadata, including process data, and their relations

to each other and other parts of the system.

3.2. The Quality and Efficiency of Statistical Systems

There have always been discussions in statistical organisations about the concept of

quality, and how it should be defined and measured. Over the last 20 years, some kind

of consensus has been established nationally and internationally, at least about a number of

major quality components that are always important. I will use the concept defined

by Eurostat (2003a) and the standard quality report established by Eurostat (2003b) as

references for the discussion.

ISO 8402 (1994) defines quality as fitness for purpose: “the totality of features

and characteristics of a product or service that bear on its ability to satisfy stated or

implied needs”.

Eurostat (2003a) defines quality of statistics with reference to the following six criteria:

. relevance

. accuracy

. timeliness and punctuality

. accessibility and clarity

. comparability

. coherence
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The six quality components are defined as follows:

Relevance

Relevance is the degree to which statistics meet current and potential users’ needs:

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. Deviations from the true values are usually described

in terms of different kinds of errors, or uncertainties: sampling errors, affecting sample

surveys, are simply due to the fact that only a subset of the population, usually randomly

selected, is observed; nonsampling errors comprise coverage errors, measurement errors,

processing errors, nonresponse errors, and model assumption errors.

Timeliness and Punctuality

Timeliness of information reflects the length of time between its availability and the

event or phenomenon it describes. Punctuality refers to the time lag between the release

date of data and the target date when it should have been delivered.

Accessibility and Clarity

Accessibility refers to the physical conditions in which users can obtain data: where to

go, how to order, delivery time, pricing policy, marketing conditions (copyright, etc),
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Fig. 4. Control and execution of a statistical production system. From Sundgren (2004a)
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Fig. 5. Basic operations in a database-oriented statistical production system. From Sundgren (2004a)
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availability of micro and/or macro data, various formats (paper, files, CD-ROM,

Internet: : :), etc.

Clarity depends on, inter alia, the availability of appropriate metadata accompanying

the data, illustrations such as graphs and maps, and the availability of quality information,

including limitations on possible uses.

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.

Coherence

Coherence of statistical data is their adequacy to be combined and integrated in a

meaningful and reliable way for different purposes. When originating from a single

source, statistical data are normally coherent in the sense that elementary results derived

from the survey concerned 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.

3.2.1. Quality of Individual Surveys Vs Quality of Statistical Systems

It is difficult to define and measure the quality and efficiency of individual statistical

surveys. Since statistical systems are typically more complex than individual statistical

surveys, one should not be surprised to find that it is even more difficult to define and

measure the efficiency of statistical systems.

An individual statistical survey has typically at least some major, relatively well-defined

purposes and users, and it is, at least in principle, possible to judge the fitness of the data

collected and computed by the survey for these purposes and usages in terms of the quality

components defined above.

However, in practice data from most official statistics surveys are also used, sooner or

later, for other purposes than those originally specified and planned for at the original

design stage of the survey. Furthermore, data from one survey will often be combined with

data from other surveys, either by the statistics producers within the statistical agency

itself, or by external users, who may be either more or less aware of the quality problems

associated with such usages, or more or less well equipped for dealing with these problems

– which may take place many years after the original surveys were designed and executed.

On the other hand, with a systems approach to production of official statistics, the

individual surveys – together with other sources of statistical data, like administrative

registers and data archives – are from the beginning seen as components of a system,

aimed at serving both known and unknown needs, now and in the future. The systems

approach should encourage the designers and producers of official statistics to consider

how well the different components of the system fit together, and how well the system

could possibly serve more or less unknown future needs and usages. The systems approach

should also encourage the designers and producers to consider already at the initial design,

and then in an ongoing development process, what could be done to make the system as a
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whole more relevant for a wide range of purposes, more coherent, etc, rather than leaving

all these problems to future users to recognise and overcome as well as they can.

Hence a systems approach to official statistics should at least have the potential to

improve certain important qualities of official statistics, e.g., comparability and coherence.

3.2.2. Efficiency

The systems approach to official statistics also has the potential to improve the efficiency

of the production of official statistics. If data collected can be used for more purposes and

by more users, and if existing data can be reused and combined with other data within the

framework of a well-designed system, with coordinated definitions, etc, this will without

doubt boost the productivity of the system as a whole. And it will also reduce the response

burden – an effect of the systems approach which is not less important from an efficiency

point of view, for society as a whole.

3.2.3. New Methodological Issues

When producers of official statistics started to use administrative registers as a source

of data, as an alternative or complement to traditional surveys and censuses, this created

a debate among statisticians concerning whether established statistical theories and

methodologies would be able to cope with this new breed of official statistics.

One standpoint on this issue is that many established statistical theories and methods

are indeed very relevant also when data are collected from administrative registers, but

certain adaptations and new interpretations of the problems have to be made. Certainly

some new theories and methods have to be developed as well.

For example, when administrative data are used for statistical purposes, the first step

of the data collection process is actually designed and executed by administrative staff,

often with limited statistical background, and statistical agencies reusing these data

for statistical purposes usually have only very limited possibilities of influencing the

design and execution of these process steps. Statisticians could possibly convince

the administrative professionals to make use of sound knowledge from the behavioural

sciences concerning how to design measurement processes and measurement instru-

ments, e.g., questionnaires, but when it comes to the definitions of objects and variables to

be observed, it will be very difficult for the statisticians to convince the administrative

authorities to use any other definitions than those which are optimal from an administrative

point of view.

Instead the statisticians will have to develop methods for transforming data obtained

through nonideal definitions (from a statistical point of view) to data that are better suited

for the purpose of producing official statistics. For example, it may be possible to develop

automatic or at least computer-supported procedures for transforming, or recoding,

data collected according to one administrative classification to another classification used

for statistical purposes. Interesting experiments along these lines have been made in the

Netherlands by Statistics Netherlands in cooperation with researchers.

When complex statistical systems are designed, combining different surveys,

administrative data, archival data, etc, similar problems will occur, as when administrative

registers were introduced in statistics production, but on a much larger scale and in

more advanced forms. Complex statistical systems will certainly offer a wide range of
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major challenges for future statisticians. One example can be given from data editing.

Today it is a best practice to use so-called selective editing, or significance editing, of

survey data – meaning, expressed in a simple way, that the editing process is focused on

those suspected errors in the data which can be estimated to have (the most) significant

effects on the estimates to be produced by the survey. This editing method assumes that

the estimates to be produced are known. However, if the data collected by a certain survey

are also to be made available for other purposes than those at hand, which may very well

be the case within the framework of a statistical system, many of the estimates to be

produced in the future on the basis of these data will be, possibly in combination with data

from other surveys and other, nonsurvey sources, unknown during the design and

execution of the editing process of the survey at hand. How should such situations be

treated? As a minimum the statisticians responsible for the survey at hand must provide

good information about how the editing of the data from the present survey has been done,

which assumptions have been made, which usages of the data could be particularly

uncertain or dangerous, etc. Probably, as a routine, the original, unedited data should also

be archived, so as to make it possible for future reusers of the data to design and execute

alternative editing procedures on the same data.

4. Statistical Systems from Different Perspectives

A statistical system can be viewed from different perspectives, and these perspectives are

typically complementary to each other. Here I shall discuss the following perspectives:

. the customers’ perspective, the statistical system as seen from the perspective of

customers, or users of statistics

. the organisational perspective, how a statistical organisation is set up for a statistical

system, e.g., the statistical system of a country or an international organisation

. the information systems perspective – statistical systems in general, and systems for

the production of official statistics in particular, are examples of information systems,

systems for obtaining, storing, processing, and communicating information

. the contents perspective, how the statistical system relates to some kind of theoretical

framework, where the data from the statistical system are used, e.g., the system of

national accounts (SNA)

. the data/process perspective, a dualistic pair of views, where the data view focuses on

the logical organisation of the data and metadata obtained, stored, transformed and

produced by the statistical system, and the process view focuses on the processes

for obtaining, storing, transforming and producing statistical data and metadata

. the technical perspective, the hardware/software environment, where the statistical

system is implemented and running

4.1. Customers’ Perspective

“Focus on the customer” – this mantra is as valid for the production of official statistics

as for any other business, for-profit or not-for-profit, private or public, governmental or

nongovernmental. The customers are the raison-d’être. But who are the customers,

or users, as we often prefer to call them, of a statistical system? For a special-purpose
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statistical system, with a limited scope, it may be straightforward to identify the customers,

and to approach them for personal discussions. But a system for official statistics is

typically general-purpose. The customers may belong to many different categories:

politicians, public and private decision-makers, researchers and analysts, journalists,

teachers and students, and the public at large. Some of these customers may pay directly

for products and services from the statistical system, but most of them pay indirectly,

via taxes, like for other infrastructures in society. Cf Figure 7.

It is not an easy matter to estimate the optimum volume of official statistics to be

produced by, for example, a national statistical system, nor to balance and prioritise

between the needs of different customers. But someone must do it, otherwise it will be

done implicitly, or by people who should not do it, e.g., the producers of official statistics

themselves. Many people and organisations need to be involved in the specification and

on-going changes of requirements to be put on a system for official statistics. Typically

politicians have to make the global decision about the budget and major foci of official

statistics. But as regards the detailed selection and design of the statistics to be produced,

it is important to have a very open discussion between the producers and those who

concretely use the statistical products and services.

“The customer is always right” is another slogan. In principle the slogan is right, or at

least almost right. Unfortunately some producers of official statistics still seem to believe

that they know better than the customers themselves, what the customers need and what

they should request, for example about the qualities of the statistics produced. It may be

true that a customer may sometimes, without much reflection, request features of statistics

to be produced which, if satisfied blindly by the producer, would indeed result in an end-

product that would not be satisfactory to the customer, and would lead to complaints.

For example, the customer may not realise that certain desirable features may imply other,

undesirable features or side-effects, which were not considered by the customer in the

Social
researcher

Teacher,
student

Interested
citizen

Politician

AnalystAdvisor to
minister

Journalist
Actor on the

finance market

Fig. 7. How one can satisfy partially conflicting needs of different users of official statistics? From Sundgren

(2004a)
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requirement specification. It is the duty of a responsible producer of official statistics

to inform customers of such consequences, and to give the customer a complete picture of

the product that would be the result of following his/her explicit demands. But once

the producer has done this, he/she must leave the final say to the customer – or resign from

his/her task.

Most questions still remain to be answered as to how to identify and reconcile the

usually great variety of sometimes contradictory requirements and demands on systems

for official statistics, emanating from a wide spectrum of different users and usages with

different needs and priorities. This is a field that deserves innovative research with

participation and inputs from different disciplines.

4.2. Organisational Perspective

Systems for official statistics are organised differently in different countries. It is not

easy to determine objectively which kind of organisation is best. However, in peer

reviews centralised systems usually come out better than decentralised systems. Also in

this area more research is needed. Sundgren and Nordbotten (2003) made an attempt,

in connection with an evaluation of Statistics Denmark ordered by the Danish government,

to compare the efficiency and quality of national statistical agencies, using

regression analysis, after having “normalised” the outputs of the agencies to make them

comparable.

Also internally statistical organisations may be organised in different ways. Still the

traditional, so-called stovepipe or silo organisation is by far the most common one, but at

least modifications of this scheme occur more and more often, and in some cases, e.g., in

the UK, a radically new type of organisation has recently been introduced, so far with good

results, as reported by Stephen Penneck (2009) from the UK Office for National Statistics.

Different ways of organising a statistical organisation are discussed in Sundgren

(2004a), Chapter 6, and Sundgren (2004b), Chapter 3.

Figure 8 provides a two-dimensional space, spanned by two dimensions: production

system integration and organisational integration. Statistical organisations existing in the

real world may be placed into this space. Traditionally almost all statistical agencies were

in the bottom left quadrant, the stovepipe organisation with very independent subject

matter areas. Figure 9 provides a more detailed illustration of the organisational space.

I will now discuss the typical four types of organisation corresponding to the four

quadrants in Figures 8 and 9.

4.2.1. Autonomous Stovepipes

The classical way of organising the tasks of a statistical organisation is to let the individual

surveys carried out by the organisation be the basis for organising staff and control. Thus

there will be one organisational unit for each survey (or a number of closely related

surveys), and this unit is responsible for all work that has to be done in association with the

survey – from data collection to presentation and dissemination of the final statistical

results. Although all the stovepipes in Figure 9 look the same when you look at them

casually, if you take a closer look, all the process boxes are shaded in different ways,

illustrating that the same things are being done in slightly different ways in different
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surveys. There is no exchange of data between the stovepipes. This is an exaggeration,

of course. In reality some surveys will get some data from other surveys, but this is not

something that can be done automatically or easily. Any exchange of data between surveys

will have to be negotiated from case to case, and a survey that wants to use data from

another survey will have to ask the person responsible for the other survey for permission

– and most likely also for quite a lot of practical assistance, since the data are not prepared

for reuse by others.

The strength of the stovepipe organisation is that the staff responsible for a survey really

have full responsibility for everything that has to be done in connection with the survey,

and as a result of this, they become very knowledgeable about all aspects of the survey.

In this kind of organisation, there are many dedicated professionals who have worked very

long on a particular statistical survey and know everything about it.

The stovepipe organisation is also easy to manage in the sense that the top manager

may delegate responsibilities in a straightforward way. Since there are very few contacts

between the stovepipes, the conflicts between them will be rare. Every stovepipe is more

or less self-sufficient. In fact it is not unusual for staff members in this kind of organisation

to think that they would do even better if they were completely left alone. They are often

convinced that the do not have much to gain from belonging to the statistical organisation,

which to them means only unnecessary bureaucracy which causes disturbances and delays

in the “real” work that they are doing.

A general weakness of a stovepipe organisation is that there are very few incitements for

compliance with standards and for contributing to a coherent statistical system managed

by the statistical organisation as a whole. A user who is only interested in some particular

survey may find the stovepipe organisation excellent, but most users will need to combine

statistics from different surveys, and for such users the stovepipe organisation does not

have much help to offer – and even if such an organisation has very service-oriented staff

members, they cannot do very much, since the statistics and the processes behind them are

Matrix organisation

Autonomous
stovepipes

Co-ordinated stovepipes:
standardised processes

around coroporate
data warehouse

Functional organisation

Organisational
integration

Production
system

integration

High

Low

HighLow

Fig. 8. Different ways of organising a statistical organisation
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often ill documented, and the data from different surveys are ill co-ordinated both as

regards contents and form.

4.2.2. Co-ordinated Stovepipes: Standardised Processes Around Corporate Data

Warehouse

So what can a manager of a stovepipe organisation do in order to overcome its

shortcomings and disadvantages? The lower right part of Figure 9 illustrates some steps

towards integration that a stovepipe-based statistical organisation may take without

Matrix organisation. Functional organisation.

Autonomous stovepipes. Co-ordinated stovepipes: standardised processes
around corporate data warehouse.

Fig. 9. Four ways of organising tasks and responsibilities in a statistical organisation
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changing the formal organisation very much. The production systems are developed to

become more standardised and compatible with each other.

It is probably the most important task for a managing director of a stovepipe

organisation to recognise the inherent weaknesses of such an organisation and to try to do

something about them. One possibility is for top management to encourage and enforce all

kinds of standardisation that will make it easier for the users to overview available

statistics, and to combine statistics from different surveys. From an efficiency point of

view it is also important to encourage and enforce functional and technical standardisation

of the statistical production processes, including the use of standardised tools and

interfaces. The very first thing that has to be done is typically to make sure that all

processes are well documented. Otherwise it is very difficult for anyone, however

technically and methodologically competent, to tell what needs to be done to improve

standardisation and the coherence of the statistical system as a whole.

Another initiative from top management that encourages both contents-oriented and

technical standardisation is to establish a statistical data warehouse, where all statistical

surveys in the stovepipe organisation have to deposit “their” statistical data and make them

available to the organisation as a whole and to the external users.

4.2.3. Matrix Organisation

The upper left part of Figure 9 illustrates an organisation model where the integration

process has started with the formal organisation rather than with the production systems.

The stovepipes are still very present in this model, and there is one manager responsible

for all processes belonging to a certain survey stovepipe. But a number of functional units,

with their own managers, have been added to the organisation. For example, there may be

a unit and a manager responsible for data collection, and another unit and manager for data

dissemination. There may be a function responsible for a corporate data warehouse with a

manager in charge.

This type of organisation, where the basic stovepipes are combined with orthogonal

functional structures, is called a matrix organisation. The functional units will tend to

become service units only, doing whatever the managers of stovepipes tell them to do,

hopefully in an efficient way, since similar tasks will now be performed on a larger scale.

But the standardisation, co-ordination and integration effects are often quite limited.

The functional units and managers will have certain responsibilities, but there is a risk that

their authorities will not be in balance with their responsibilities.

An advantage with the matrix organisation is that it will make inefficiencies and lack of

uniformity in the traditional stovepipe organisation more visible and tangible. If the top

management is alert, this may be the starting point of organisational changes that go

deeper and lead to radical changes in the organisation of the production systems along the

lines that were discussed above in connection with the so-called “co-ordinated

stovepipes”, with standardised processes around a corporate data warehouse.

There are several risks associated with a matrix organisation. The organisation becomes

complex, and the distribution of authorities and responsibilities between stovepipe units

and functional units will always be under debate and in conflict. The top management will

have to be quite active in order to maintain the momentum of the development towards a

more integrated statistical organisation, producing more, and more coherent statistics.
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4.2.4. Functional Organisation

The fourth organisational model that I present here is the one in the upper right corner of

Figure 9, labelled “functional organisation”. In this type of organisation the production

systems are integrated in a carefully designed way, and the organisation has some

functional units with real power and responsibilities. The production processes are

standardised and interact with a corporate data warehouse via standardised interfaces.

The data in the corporate data warehouse are conceptually and physically well

co-ordinated, in such a way that data put there by different data collection processes may

rather easily be used and combined, resulting in a more coherent and flexible statistical

system, seen as a whole. The number of outputs from the system will grow. On the other

hand, the number of input processes will be reduced, since the production processes will

be better co-ordinated and more standardised. All data needed from a certain respondent

by any part of the statistical organisation will be collected by the same data collection

process, which reduces the effort required of respondents.

The stovepipes are no longer visible in this model. Instead the statistical data warehouse

will act as a clearinghouse, enabling input data from different sources to be combined

according to a “many-to-many” pattern into a wide range of statistical outputs,

corresponding to a multitude of user needs, many of which were not known or identified at

the time when the data collection processes were designed.

4.2.5. Network Organisations

On the international level it is urgent that different national statistical systems are

compatible and able to communicate smoothly. There is a movement towards network

solutions, where the statistical data stay within the systems where they are originally

produced, but where clear and well-defined standards are used in order to ensure that data

from different systems are comparable and consistent, and may be easily combined with

each other in the production and analysis of statistical data on the international level.

For political entities like the European Union, integration of the national statistical

systems is a must, but even here, or maybe in particular here, the network approach

with loosely coupled systems, coordinated by standards, seems to be feasible and efficient.

The SDMX standard for statistical data and metadata exchange, developed by seven

international organisations in cooperation, is an important component in this on-going

endeavour. For further information, see www.sdmx.org, where information about SDMX

is available, and relevant documents and tools can be downloaded. See also Sundgren,

Androvitsaneas, and Thygesen (2006).

4.3. Information Systems Perspective

Information systems are systems where people in concert obtain, store, process and

communicate information, overcoming distances in time, space, and culture, using data

representations and technical tools for storing and processing data representations.

Statistical systems, or statistical information systems, constitute a particular category

of information systems, dealing with statistical information and data representations

of statistical information, statistical data: microdata (observation data), macrodata
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(summarised, aggregated data) and metadata (data about data), including process data or

paradata (data about processes).

Information systems are man-designed, man-controlled and man-operated systems, and

they are intended to serve purposes of people and societies of people. At the same time

people are the most important components of information systems; see, for example

Figure 3 above. Technical tools for storing and processing data are just enablers that

empower human beings to manage and communicate information in an accurate and

efficient way. Information systems have de facto existed as long as human beings have

existed, but with the emergence of computers and computer-based technologies, the

capacity of human beings and societies to manage and communicate information has

increased drastically, enhancing the intellectual aspects of human life in a manner similar

to that of which the industrial revolution improved material living-conditions.

4.4. Contents Perspective

Relevance is a fundamental component of any quality concept in use for official statistics;

see, for example Eurostat (2003a) as discussed above. 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 relevant contents

are, 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 statistical system results in an operational, descriptive model of the data

contents of the system, a so-called conceptual model, or (conceptual) data model. Let us

now take a quick look at a possible methodology and documentation format for such

models. See also Sundgren (1973), Rosén and Sundgren (1991), Sundgren (2005),

Sundgren (2006) and Sundgren (2007a, b).

4.4.1. 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
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Activities, Housing and Construction, Agriculture, Energy, Transport, Environment,

National Accounts, Financial markets, Trade.

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 10. Sundgren (2001) describes and explains this so-called abgt-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
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Fig. 10. A statistical cube based on observations of trade transactions
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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.

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 cannot be counted but possibly measured

in other ways, e.g., by volume, weight, or value; the latter kinds of utilities are noncardinal

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 or

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

Complex object types can 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 11. Such a

system may contain censuses as well as population registers and population surveys.

Figure 11 visualises the data contents of the system. The model contains four major

types of objects, or statistical units: Person, Household, PersonEvent, and Dwelling.

Person event
(Birth, Death, Marriage,
Divorce, Migration, etc)

- ClassVariables
- SumVariables

Person

- ClassVariables
- SumVariables

Dwelling

- ClassVariables
- SumVariables

Household

- ClassVariables
- SumVariables

Residence

Fig. 11. Population statistics: a basic model
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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 11 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.

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” ¼ “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 12 is a generalisation of Figure 11. Actually the contents of all branches of

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

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

been found.

Figure 13 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 14 provides more examples of schematic conceptual models for a number

of domains that are typical for official statistics on both the national and the inter-

national level. Further examples can be found in Sundgren (2005), Sundgren (2006),

and Sundgren (2007b).

4.4.2. 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 on interesting parts of the statistical reality. Until we

have such tools available we could do a lot with simpler surrogates. Figure 15 provides an

overview of the world in terms of the simple basic concepts introduced above.

Relationship
activity
event

transaction

- ClassVariables
- SumVariables
- AdjVariables

- EstParameters

Actor

- ClassVariables
- SumVariables
- AdjVariables

- EstParameters

Utility

- ClassVariables
- SumVariables
- AdjVariables

- EstParameters

Fig. 12. Generic model of the contents of a system of official statistics
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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 15. 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. Compare

techniques like “query by example”, proposed by Zloof (1975) and used in query

languages like Microsoft Access.
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Fig. 13. A conceptual model of education statistics collected and produced by UNESCO
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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).
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Fig. 14. Examples of schematic conceptual models for domains of official statistics
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Fig. 15. Official statistics from a helicopter perspective
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4.5. Data/Process Perspective

Data and processes are two very basic and frequently occurring components in

all statistical systems. Data and processes live in a kind of symbiosis with each other.

Data, including metadata, are both used and produced by processes. Furthermore data in

the form of metadata, including process data or paradata, are used for controlling,

monitoring and evaluating the performance (in a broad sense) of the processes.

It is difficult to consider the complexities of data and processes at the same time.

Hence it is common to focus on either a data view or a process view of a system in any

particular practical situation. But the interdependencies between the two views must

not be neglected.

4.5.1. Data View

Figure 16 illustrates what is sometimes called the statistical data/metadata life cycle or

value chain; cf. Porter (1985), Sundgren (2004a), ECB and Eurostat (2004). Figure 16

was originally presented at a Eurostat meeting as an illustration of data and metadata

standards used by Statistics Sweden at the time – hence the references to standard tools

like SCBDOK, METADOK, and KDB (now replaced by MetaPlus). For more information

about these standards and tools, see Rosén and Sundgren (1991) and Sundgren and

Lindblom (2004).

During the life cycle statistical data and accompanying metadata pass through four

relatively well-defined stages, corresponding to forms and interfaces:

Stage 1: The input data stage: the input data/metadata as registered on some kind of

input form, e.g., a completed (paper or electronic) questionnaire.

Stage 2: The final microdata stage: the input data/metadata as finally stored in some

kind of final observation register, e.g., a relational database, after data preparation

operations such as coding, editing and other transformations (e.g., computation of

derived variables).

Stage 3: The final macrodata stage: the output statistics (estimated values of statistical

characteristics) and accompanying metadata as finally computed and stored in some

kind of output database.

Stage 4: The output product stage: the statistical data/metadata as published and

disseminated via printed and electronic media.

As indicated by the “fork arrows” ( ) between the four boxes in Figure 16, there are

“many-to-many” relationships between the four stages, i.e., the same input observations

may be used in several observation registers, each one of which may be used in the

production of several output data sets, which again may be combined into several

statistical end-products. Vice versa: a certain statistical end-product may be based upon

several output data sets, each one of which may be derived from several observation

registers, which again may be the result of combining input data from several sources.

4.5.2. Process View

Figure 17 provides a process view of the statistical production process, using symbols and

illustration methods which are “standard” in process-oriented information systems
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development. Many national statistical agencies have embarked on the road of process-

orientation and use these kinds of models to illustrate their strategies and architectures for

the future.

Naturally it is possible to combine a process view, as reflected in Figure 17, with a

data/metadata view, as reflected in Figure 16 above. Such a combination would

typically result in a flow, where every process has one or more data/metadata inputs

and one or more data/metadata outputs, and where every data/metadata set is an output

from one process and an input to one or more processes. However, it should be noted –

as illustrated by Figures 5 and 6 earlier – that many important data/metadata sets

have the character of infrastructure, serving many processes and the statistical system

as a whole.

4.6. Technical Perspective

Computer-supported information systems are complex systems. One reason for this is that

they are socio-technical systems with closely integrated social and technical subsystems,

people and technology in cooperation. Social systems with interactions between people

are of course by themselves quite complex, and it is well-known that so-called social

engineering is not an easy task. The involvement of technology and technical subsystems

may enhance the capabilities and performance of an information system dramatically,

but it does not make the information system less complex. In a way, this was very clear and

visible when computers first entered the scene. They were then physically very big and

really looked complex. Now, five decades later, a computer of at least the same complexity

as those early giants could easily be built into a single chip of minimal size, and a small

Product development process
On-going

Production process

Periodical

Goals,
contents Evaluation

Frame and
sampling

Data
collection

Data
preparation

Statistical
processing

Pres &
comm

Fig. 17. A process view of a system for the production of official statistics
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notebook computer is millions of times more powerful and complex, both in terms of

hardware and software.

4.6.1. Designing and Managing Unperceivable Systems

Complex systems, like information systems, are what Langefors (1966) called

unperceivable systems, systems which cannot be completely perceived and understood

by the human brain in one go. In order to be able to design, construct, monitor and operate

such systems, human beings must adopt something like the systems approach, or some

approach. It is impossible for a human being to grasp such a system as a whole – and all its

subsystems and components and their relations to and interactions with each other – in one

mental operation at a single time. At best all of the people involved can share more or less

the same view and understanding of the system as a whole, but the more or less detailed

knowledge about different subsystems and components will have to be shared and

communicated between many people, everyone being in possession of only a fraction of

the total knowledge about the system at a time.

Complex systems may be controlled by human beings by breaking them down into

subsystems, subsubsystems, etc, until one reaches a level where the components can

be fully perceived and understood by a single human being at a single moment in time.

The breaking down of a system into subsystems, etc, is an analytical top-down process,

where one derives necessary and sufficient properties of the subsystems from the

properties of the supersystems. This is not to say that there is only one way to break down a

systems into subsystems – not at all.

In parallel with the analytical top-down process, there must be a synthetic, bottom-up

process, verifying that the subsystems of a supersystem, once they exist, if they are

possible to create, will together exhibit the desirable characteristics of the supersystem.

The parallel and iterative analytical and synthetic processes will come to an end, only if

and when one reaches a bottom level, where all subsystems and components are

perceivable, well understood and proven possible to create and make behave and interact

in such a way that they satisfy the requirements of the systems on the next-higher level,

and these systems again will behave and interact in a such a way that they in their turn

satisfy the needs of their supersystems, etc.

4.6.2. Standardisation

Standardisation is a powerful tool for managing and reducing the complexity of man-

designed systems. Standardisation has been a well-known design principle for technical

systems since the beginning of industrialism e.g., the standardisation of track width of

railways, but it is equally applicable to socio-technical systems like information

systems. For example, most of us do not open manuals or instruction books any more,

when we start using a new web-based system on our computers. We recognise

intuitively “the look and feel” of such systems, and the reason for that is that the

designers of the systems have followed architectural standards and standards for user

interfaces. It does not matter so much if the standards are formally established or

de facto standards.

Standards may concern system components, e.g., software modules, or interfaces

between components, e.g., languages and formats for communication, exchange of
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messages. Both types of standards are important, but most important is the standardisation

of interfaces. Standardised interfaces enable system components – and even whole

systems – to remain independent of each other, while still being able to interact and

co-operate smoothly. See Figure 18 from Sundgren (1996).

Figure 18 is very general. If m systems are to be able to communicate directly with n

other systems, one needs to specify and construct up to m £ n “communication protocols”

(interfaces) between the systems. This is shown by the left-hand part of Figure 18.

By introducing a standardised interface, as shown in the right-hand part of Figure 18,

m þ n protocols (interfaces) will be sufficient.

It is sometimes argued that standardisation has a disadvantage in the form of less

flexibility. This is not true – at least not for the kind of standardisation that we are

concerned with here. In fact, standardisation on a lower level will typically increase

the flexibility on a higher level. Standardised components may combined in many more

ways than nonstandardised components – and much more easily, if standardised interfaces

are in place.

Again we may use Figure 18 as an illustration. If we want to add another system to the

system on the right-hand side of Figure 18, the only thing we have to do is to ensure that

the new system is able to communicate via the standardised interface – and it will

automatically be able to communicate with all other systems. In contrast, if we want to add

another system to the system on the left-hand side of Figure 18, we have to establish a

unique communication protocol for every other system that we want the new system to

be able to communicate with.

Thus, by introducing standardised interfaces in a “system of systems”, we increase the

usefulness and flexibility of all component systems; at the same time we decrease times

and costs for systems development.

If one makes sure that different systems can communicate with one another via

standardised interfaces, a certain system need not know “the inside” of another system in

order to be able to communicate with it and exploit its functionality.

As regards information systems, including statistical systems, standardisation may be

applied on all levels, for example:

. global level: network of co-operating information systems

. intermediary level: individual information systems, subsystems and processes

. local level: software products or software components

Fig. 18. A standardised interface reduces complexity and increases flexibility at the same time. From Sundgren

(1996)
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4.6.3. Architectures

When designing information systems, one may use standardised structuring methods and

architectures, such as database orientation, process orientation, client/server architecture,

and service orientation.

Today’s applications are often database-oriented, that is, different functions of the

system interact with each other via a common database, including both data and metadata.

Until recently, database-orientation has often been combined with a structuring of the

information system according to the client/server principle. In its original form, the

client/server architecture consists of two types of subsystems: user-oriented client

systems, which are served by server systems, handling common resources like printers and

databases. There are developments of the client/server architecture, using three or more

types of subsystems, called tiers. In a three-tier client/server architecture there is a

distinction between

. subsystems for user interactions

. subsystems for business logic

. subsystems for data management

With the rapidly growing importance of the Internet and web-based information systems,

the client/server architecture is being replaced by service-oriented architectures (SOA),

based on well-defined, standardised services, which can be used in a standardised way, via

standardised messages and communication protocols, by other services.

Service-oriented architectures are based on the following design principles (Erl 2005):

. Loose coupling – Services maintain a relationship that minimises dependencies and

only requires that they retain an awareness of each other.

. Service contract – Services adhere to a communications agreement, as defined

collectively by one or more service descriptions and related documents.

. Autonomy – Services have control over the logic they encapsulate.

. Abstraction – Beyond what is described in the service contract, services hide logic

from the outside world.

. Reusability – Logic is divided into services with the intention of promoting reuse.

. Composability – Collections of services can be coordinated and assembled to form

composite services.

. Statelessness – Services minimise retaining information specific to an activity.

. Discoverability – Services are designed to be outwardly descriptive so that they can

be found and accessed via available mechanisms.

More briefly and concretely expressed, a service is a piece of reusable software, small or

large, which performs a well-defined function, described in a standardised way.

The service can be requested by other pieces of software, which may themselves be

services, through standardised messages. The service requestor should not have to know

anything about the internal functioning of the activated service, and the latter should

not have to know anything about its external environment, but only perform its function

and (possibly) provide a standardised response message in return. During its execution a

service may itself request the execution of other services in the same way.
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Service-orientation can be seen as a further development of earlier software design

methodologies like modular programming and object-orientation. It is obviously well in

line with the general systems approach and systems thinking; compare the description of

services above with the earlier discussion of the systems concept and of how to manage

complexity and unperceivable systems.

Service-orientation, as defined above, has the great advantage that it can be introduced

step by step in an organisation, e.g., a statistical agency. Any large organisation today has

an enormous burden of legacy systems that cannot quickly and easily be redesigned and

redeveloped. A legacy system that has not been developed in accordance with modern

design principles can be encapsulated into a large black box component, which is not

internally consistent with service-oriented principles but which interacts with its

environment according to such principles. Of course it requires some work to develop

the “sarcofag” surrounding the black box, making it look and behave like a true service to

the other services in the system, with which it interacts, but this is a small effort in

comparison with a total make-over or redevelopment of the whole legacy system.

Service-orientation often goes hand in hand with process-orientation. On the business

level – for example the business of statistics production – the employees interact with

customers, suppliers (respondents and data providers in the case of statistics production),

colleagues, and external and internal service systems (typically computerised), in order to

provide services, requested by the customers, to the customers. This work may be

organised into processes, preferably standardised processes, so as to ensure that the work is

done according to best methods and best practices and will give the same good-quality

results to the customer, regardless of which individual persons are executing the processes.

Another recent trend is to replace in-house software developments, and even in-house

licensing and installation of commercial software packages, with software components

that are provided as services, for free or for a fee, via the Internet. This is called “cloud

computing” or “Software as a Service,” SaaS, and is also consistent with service-oriented

architectures and process orientation.

5. Conclusion

The systems approach has played an extremely important role among information system

developers and programmers since computers started to be used on a large scale by

businesses and governmental agencies in the 1960s. For the future of official statistics it is

important that IT system architects and statisticians work together in order to develop

a more advanced methodology and practice of systems thinking in statistics production.

A holistic approach is essential for ensuring on-going improvements of the quality and

efficiency of official statistics, not least as regards relevance for the customers, coherence

of the statistics produced, cost control and reasonable response burdens. This will be a

challenge for future researchers and practitioners in the field of official statistics.

Sweden has a good position in this work, not least because of the academic recognition

that official statistics has gained through the Master’s programme and chair in Official

Statistics at Stockholm University, held by Professor Daniel Thorburn, and the Journal of

Official Statistics, published by Statistics Sweden with Professor Lars Lyberg as the Chief

Editor, (Statistics Sweden 1985). Sweden was also the first country in the world to
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establish an academic institution focused on the systems approach to the design and

implementation of computer-supported information systems, shared by the Royal Institute

of Technology and the Faculty of Social Sciences of Stockholm University. The first

professor of this institute, now the Department of Computer and Systems Sciences, was

Börje Langefors, a pioneer in systems thinking and information systems. An intensified

cooperation between these academic traditions and institutions would be very beneficial

for the advancement of theories, methodologies and practices of official statistics, both in

Sweden and internationally.
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