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The e-Business W@tch  

The European Commission, Enterprise & Industry Directorate General, launched the e-Business W@tch to 
monitor the growing maturity of electronic business across different sectors of the economy in the enlarged 
European Union, EEA and Accession countries. Since January 2002 the e-Business W@tch has analysed e-
business developments and impacts in manufacturing, financial and service sectors. Results are being published 
on the Internet and can be accessed or ordered via the Europa server or directly at the e Business W@tch 
website (www.europa.eu.int/comm/enterprise/ict/policy/watch/index.htm or www.ebusiness-watch.org).  

This report is a Special Issue Study on ICT Indicators. It provides an overview of the state-of-play in developing 
adequate indicators for measuring e-business developments, on methods of collecting the relevant data, and on 
challenges involved in this activity. The report is intended as a handbook for users of ICT indicators. 

Disclaimer 

Neither the European Commission nor any person acting on behalf of the Commission is responsible for the use 
which might be made of the following information. The views expressed in this report are those of the authors and 
do not necessarily reflect those of the European Commission. Nothing in this report implies or expresses a 
warranty of any kind. Results from this report should only be used as guidelines as part of an overall strategy. For 
detailed advice on corporate planning, business processes and management, technology integration and legal or 
tax issues, the services of a professional should be obtained. 

Acknowledgements 

This report was prepared by empirica GmbH in cooperation with SICENTER on behalf of the European 
Commission, Enterprise & Industry Directorate General. It is a deliverable in the context of the e-Business 
W@tch, which is implemented by a team consisting of empirica GmbH (co-ordinating partner), Berlecon 
Research, Databank Consulting, DIW Berlin, Lios Geal Consultants, RAMBØLL Management and Salzburg 
Research, based on a service contract with the European Commission. 

e-Business W@tch would like to thank George Sciadas, Statistics Canada, and Tony Clayton, UK Office for 
National Statistics, for reviewing the draft report and providing valuable comments and suggestions. Mr Sciadas 
and Mr Clayton are members of the e-Business W@tch Industry Advisory Board in 2005. 

Contact 

For further information about this Sector Study or about the e-Business W@tch, please contact: 
 

   

empirica  
Gesellschaft für Kommunikations- 
und Technologieforschung mbH 
Oxfordstr. 2, D-53111 Bonn 
Germany 

Fax: (49-228) 98530-12 
info@empirica.com  

e-Business W@tch 
c/o empirica GmbH 
Oxfordstr. 2 
D-53111 Bonn 
Germany 

Fax: (49-228) 98530-12 
info@ebusiness-watch.org  

European Commission 
Enterprise & Industry Directorate-
General 
Technology for Innovation / ICT 
Industries and e-Business 

Fax: (32-2) 2967019  
entr-innov-ict-ebiz@cec.eu.int  

Rights Restrictions 

Material from this report can be freely used and reproduced but not commercially resold and, if quoted, the exact 
source must be clearly acknowledged. 

Bonn / Brussels, April 2005 



A Guide to Indicators on ICT Use by Firms   

 3  July 2005 

Table of Contents 

Introduction to the e-Business W@tch .......................................................... 4 

Executive Summary ...................................................................................... 7 

Part I: A User's Guide to  ICT Indicators and Indices................................... 9 

1 Introduction ........................................................................................... 9 

1.1 Concepts and definitions ............................................................................. 10 
1.2 The role of ICT indicators for policy ............................................................ 16 
1.3 From questions to indicators: challenges for ICT surveys ........................ 17 

2 Indicator development and data collection: the state-of-play............ 22 

2.1 Official statistics and international working groups................................... 23 
2.1.1 Activities of Eurostat................................................................................. 23 
2.1.2 Activities of the OECD.............................................................................. 27 

2.2 National e-business monitoring activities................................................... 29 
2.3 Research projects ......................................................................................... 36 
2.4 Special studies and commercial market research...................................... 41 

2.4.1 EITO Report ............................................................................................. 41 
2.4.2 Global Information Technology Report 2003-2004 ................................... 43 

3 Considerations on compound indicators............................................. 46 

3.1 General considerations ................................................................................ 46 
3.2 Quality assessment of compound indicators – a practical guideline ....... 49 
3.3 Examples of compound indicators.............................................................. 53 

4 Policy recommendations..................................................................... 58 

Part II: Pilot Studies – Adding Value to ICT Indicators............................... 63 

5 Sectoral time-distances in the adoption of e-commerce activity....... 63 

5.1 S-time-distances: concept and definition.................................................... 63 
5.2 Online buying activity................................................................................... 67 
5.3 Online selling activity ................................................................................... 74 
5.4 Policy conclusions........................................................................................ 78 

6 A descriptive approach to country comparison using correspondence 
analysis................................................................................................ 81 

6.1 Introduction................................................................................................... 81 
6.2 Correspondence analysis: methodology .................................................... 82 
6.3 Measuring the Knowledge Society in the EU: an example......................... 83 
6.4 Conclusions .................................................................................................. 86 

References .................................................................................................. 88 



  A Guide to Indicators on ICT Use by Firms 

July 2005 4   

Introduction to the e-Business W@tch  

e-Business W@tch – observatory and intermediary since late 2001 

The European Commission’s e-Business W@tch monitors the adoption, development and impact of 
electronic business practices in different sectors of the economy in the enlarged European Union. The 
background of this initiative was the eEurope 2002 Action Plan, which provided the basis for targeted 
actions to stimulate the use of the Internet for accelerating e-commerce, acknowledging that 
"electronic commerce is already developing dynamically in inter-business trading" and that "it is 
important for SMEs not to be left behind in this process." The eEurope 2005 Action Plan confirmed 
and built further upon these objectives with Action 3.1.2 "A dynamic e-business environment", which 
defined the goal "to promote take-up of e-business with the aim of increasing the competitiveness of 
European enterprises and raising productivity and growth through investment in information and 
communication technologies, human resources (notably e-skills) and new business models". 

It is against this background that the European Commission, Enterprise & Industry Directorate 
General, launched the e-Business W@tch in late 2001. The objective of this initiative is to provide 
sectoral analysis based on empirical research, including representative enterprise surveys in countries 
of the European Union, the EEA and Accession States, with special emphasis on the implications for 
small and medium-sized enterprises (SMEs).  

Since its launch, the e-Business W@tch has published more than 50 e-Business Sector Studies on 17 
different sectors of the European economy, three comprehensive synthesis reports about the status of 
electronic business in the European Union, two statistical pocketbooks and various other resources 
(newsletters, special issue reports, etc). These are all available on the website at www.ebusiness-
watch.org. 

The quantitative analysis about the diffusion of ICT and e-business is based to a large extent on 
regular representative surveys among decision-makers in European enterprises. The 2005 survey 
covers more than 5000 enterprises from 10 different sectors across 7 EU member states. In addition, 
more than 70 case studies on e-business activity in enterprises from all EU, EEA and Accession 
countries are carried out, to complement the statistical picture by a more detailed analysis of current e-
business practices.  

Survey results of the previous years have confirmed the initial assumption and rationale of the e-
Business W@tch that the sector in which a firm operates and the size of a company, rather than its 
location, are the main determinants of its e-business activity,. The large demand for the various 
publications and statistics provided by the e-Business W@tch, and their exploitation by other research 
institutions (for example, in the EITO Yearbook 2003 and in the OECD Information Technology 
Outlook 2004), document the demand for sectoral e-business analysis. Facilitated by positive 
responses and the growing interest in its analysis, the e-Business W@tch is increasingly developing 
from an observatory into a think-tank and intermediary, stimulating the debate about the economic and 
policy implications of e-business among stakeholders at an international level. 

The wide-angle perspective: e-Business W@tch provides the "big picture" as a 
basis for further research  

The mission of the e-Business W@tch is to present a "wide-angle" perspective on e-business 
developments and practices in the sectors covered. This has important implications regarding the level 
of detail in which various issues can be explored, both in terms of the quantitative picture (survey) and 
in terms of the qualitative assessment and background research.  

Over the past 10 years, "electronic business" has increased from a very specific to a very broad topic 
to be studied. The OECD proposes a definition of e-business as "automated business processes (both 
intra-and inter-firm) over computer mediated networks". This definition is useful as it makes clear that 
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e-business is more than e-commerce (which focuses on commercial transactions between companies 
and their customers, be it consumers or other companies) and that e-business includes internal 
processes within the company as well as processes between companies. Furthermore, the OECD 
definition implicitly indicates that the focus and main objective of electronic business is to be found in 
business process automation and integration, and the impacts thereof.  

This implies that the potential scope for e-business analyses has also broadened. The measurement 
of e-commerce transactions (the volume of goods and services traded online) can and should be 
complemented by studies analysing the degree to which business processes, including intra-firm 
processes, are electronically linked to each other and have become digitally integrated. Hence, it 
becomes practically impossible to cover in depth all areas and facets of e-business in one study. 
Thus, study scope needs to be carefully defined.  

The e-Business W@tch Sector Studies apply a wide-angle perspective and zoom into selected 
aspects of electronic business only. In general, studies with a wide-angle approach allow for a wider 
range of issues to be covered and investigated at the same time. This, however, necessarily limits the 
level of detail in which each single issue is explored. This must be considered when using the Sector 
Studies prepared by the e-Business W@tch. 

The role of economic analysis in the Sector Reports 

In addition to the analysis of e-business developments, the e-Business W@tch Sector Studies also 
provide some background information on respective sector. Following the configuration of the sector 
(on the basis of NACE Rev. 1.1 classification) at the introduction of each study, this overview includes 
some basic industry statistics, as well as information about the latest trends and challenges 
concerning the specific sector. Readers should not mistake this background information, however, as 
the main topic of analysis. An e-Business W@tch "sector report" is not a piece of economic research 
on the sector itself, but a study focusing on the use of ICT and e-business in that particular sector. 
The introduction to the sector is neither intended to be, nor could it be a substitute for more detailed 
and specific industrial analysis.  

The data presented in each sector’s overview are mainly derived from official statistics prepared by 
Eurostat, but are processed and refined by DIW Berlin. The purpose is to close the many gaps that 
occur in the official statistics, with missing data being imputed on the basis of extrapolations and own 
calculations.  

The mission of the e-Business W@tch is to monitor, analyse and compare the development 
of e-business in different sectors of the European economy – not the sectors themselves.  

Its objective is to provide reliable results, based on commonly accepted methodologies, 
which are not readily available from other sources and would trigger the interest of policy-
makers, researchers, and other e-business stakeholders for more in depth analyses (or 
statistical surveys).  

The e-Business W@tch has adopted a “wide-angle” perspective in its approach and the 
necessary trade-offs are transparently depicted in all its deliverables. 

 

The definition of sectors and the adequate level of aggregation 

Economic sectors constitute the main level of analysis for e-Business W@tch. In 2005, the sample 
consists of ten sectors. Their configuration and definition are based on the NACE Rev. 1.1 
classification of business activities.  

The rather broad aggregation of different business activities into sectors in 2002-2004 made it 
possible to cover a broad spectrum of the economy, but also caused some challenges for the analysis 
of e-business developments. For instance, it was hardly possible to focus on individual sub-sectors in 
much detail within a single sector report. The selection and definition of sectors proposed for 2005 
reflect these concerns. Six out of the ten sectors proposed are sub-sectors that were part of 
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(aggregated) sectors analysed in 2002-2004. The rationale for "zooming in" on former sub-sectors is 
that the broad picture for the whole sector is now available from previous sector studies, and that this 
seems to be the right time within the prospective life-cycle of the e-Business W@tch to focus the 
analysis on more specific business activities. 

The 10 sectors covered in 2005 were selected on the basis of the following considerations: 

· The current dynamics of electronic business in the sector and the impact of ICT and electronic 
business, as derived from earlier e-Business W@tch sector studies. 

· Interest articulated by the industry in previous years on studies of this type. 

· Policy relevance of the sector from the perspective of DG Enterprise & Industry. 

· Roll-out strategy of 2003: New sectors (not covered in 2002/03 and/or 2003/04) have been 
added, as well as specific industries which have only been covered as part of a larger sector in 
the past 

In 2005, the e-Business W@tch will also deliver four cross-sector studies. These Special Reports will 
focus on a particular e-business topic of interest across different sectors rather than on a single sector. 

The 10 sectors analysed in 2005 

The 10 sectors which are being monitored and studied in 2004/05 include seven manufacturing, 
construction and two service sectors. Four of these sectors have been covered in the previous years 
of implementation, while the other six were covered as well, but as part of (aggregated) sectors 
analysed in 2002-2004.  

Exhibit: Sectors and topics covered by e-Business W@tch in 2005 

 Sector Studies NACE Rev. 1 Publication date(s) * 

1 Food and beverages 15 July 2005 Sep. 2005 
2 Textile industry 17, 18 July 2005 --- 
3 Publishing and printing 22 July 2005 Sep. 2005 
4 Pharmaceutical industry 24.4 July 2005 Sep. 2005 
5 Machinery and equipment 29 July 2005 Sep. 2005 
6 Automotive industry 34 July 2005 --- 
7 Aerospace 35.3 --- Sep. 2005 
8 Construction 45 July 2005 Sep. 2005 
9 Tourism 55, 62.1+3, 92.3+5 --- Sep. 2005 

10 IT services   72 July 2005 Sep. 2005 
     

 Special Topic Reports    

A A User's Guide to ICT Indicators: 
Definitions, sources, data collection  

 July 2005 --- 

B International Outlook on E-Business 
Developments 

 July 2005 --- 

C E-Business Standards and 
Interoperability Issues 

 --- Sep. 2005 

D ICT Security and Electronic Payments  --- Sep. 2005 

* There will be 1 report (in 2005) on 4 of the 10 sectors, and 2 reports on the other six.  
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Executive Summary 

Constructing meaningful ICT indicators – a challenge for statistics 

The rapid adoption of information and communication technologies (ICT) in business, and 
the objective of anticipating possible policy implications of this development, has triggered a 
demand for statistical information on the diffusion of ICT in firms and about related activities. 
ICT indicators can be grouped in many ways, but a basic distinction can be made between 
four broad areas of measurement:  

· Statistics on the ICT sector: measurement of the contribution of the ICT sector to 
the overall economy. This report makes references to OECD work in this area, and 
features EITO European Information Technology Observatory as one of the most 
important and authoritative sources for ICT market statistics in Europe.  

· Statistics on ICT investment: measurement of the aggregate investments by firms 
on ICT. Statistics are closely related to ICT sector statistics, but take a demand-side 
perspective, focusing on buyers' expenditures and behaviour. 

· Statistics on ICT use: indicators focusing on the adoption and use of ICT in firms 
and households. Indicators are mostly derived from representative surveys. The e-
Business Survey by e-Business W@tch and the annual Survey on ICT Use in 
Enterprises by Eurostat are relevant examples in Europe. 

· ICT service indicators: measurement of the availability, price and quality of ICT 
services, particularly telecommunication services. These are supply-side indicators, 
provided, for instance, by ITU (International Telecommunications Union) and by the 
OECD. 

This study focuses on the third category. It discusses issues related to the definition of 
indicators on ICT use and presents challenges that are related to the corresponding data 
collection. Major challenges in this context are definition issues (what exactly constitutes "e-
business" and should be measured?), the adequate translation of concepts into survey 
questions, and issues of adequate aggregation methods (e.g., weighting of results). The 
report mainly addresses policy-makers who occasionally work with ICT statistics, rather than 
ICT experts themselves. It does not address statisticians, as they are fully familiar with the 
issues presented in this report.  

What users of ICT survey results should know  

In many cases, confusion about statistical data is the result of misunderstandings, either 
because of unclear meta-information about the data, or because of misguided expectations 
on the side of the user. Users of ICT indicators should ideally possess a basic understanding 
of key issues and processes of data collection. Four concepts are key to a proper reading of 
data stemming from surveys: 

· The population of the survey: What types of companies or organizations were 
included in the survey? 

· The base of a figure: If a value is 28%, what exactly does "100%" stand for? 
· The weighting scheme: Do small and large enterprises count equally in percentages, 

or have data been weighted, for instance by employment or turnover? 
· The statistical confidence interval: What is the statistical accuracy that can be 

expected from the data presented? 
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The role of research projects vis-à-vis official statistics 

The main strength of indicator related research projects is their flexibility in developing and 
piloting new approaches, without being bound by the "legacy" of existing statistics. The 
down-side is that these efforts are mostly one-off studies, and that they usually do not have 
the resources to collect primary data on a substantial level. Ideally, therefore, the successful 
parts of these pilot exercises should migrate into the regular surveys carried out by official 
statistics. This report features selected research projects, mainly from the R&D Framework 
Programmes of the EU that have addressed the issue of information society and economy 
indicators.  

Compound indicators and recommendations for users  

Notwithstanding the risks and limitations of compound indicators, the report encourages 
policy-makers to actively promote the development of compound indicators and to make use 
of them. There are many good examples of the usefulness of compound indicators, particul-
arly in policy areas which do not lend themselves to be measured by one or two specific 
indicators only. Moreover, compound indicators are a powerful instrument to trigger public 
debate about policy objectives, which can be a desirable goal in itself in terms of fostering 
democracy. 

Innovative approaches in indicator development 

The study features two methodological approaches for adding value to simple indicators that 
could be particularly useful for policy: S-time-distances, and correspondence analysis.  

· The new generic time distance approach (with the statistical measure "S-time-
distance") offers a new view of data that is easy to understand and communicate: it 
shows differences in adoption rates (e.g. of technology) as differences in time when a 
given rate was attained by laggards and by the benchmark adopter. This method can 
be applied to e-business adoption. For instance, the relative disparity in the adoption 
of online buying activity between the UK and Spain (adoption rates 46% and 19%, 
respectively, in 2003) can be translated into an S-time-distance of about 3 years. 

· Correspondence analysis (CA) can be considered as an alternative approach to 
compound indicators. CA is a descriptive, multivariate method that can handle small 
and large data-sets to produce a graphical output of the results. CA can reveal under-
lying structures in a large data set by reducing its complexity, without losing essential 
information. It is methodologically related to principal components / factor analysis. 

Policy recommendations 

Policy is not only an important user of statistics on ICT diffusion and impacts, but is also in 
charge of making the necessary provisions that these statistics are available in high quality. 
The report makes the following recommendations for adequate use of statistics and for 
establishing mechanisms to further improve the quality of indicators: 
 

Policy objective Suggestions for policy 

Provision of adequate 
indicators on ICT 
adoption  

· Strengthen links between activities of official statistics and  
research projects 

· Strengthen links between closely related regular surveys carried 
out by official statistics 

· Carry on efforts to develop meaningful compound indicators for 
the information society and economy 

Good use of existing 
ICT indicators in policy- 
making processes 

· Use compound indicators as a vehicle to trigger public debate 
· Going beyond GDP: apply the Balanced Scorecard technique for 

monitoring EU information society and economy development 



A Guide to Indicators on ICT Use by Firms   

 9  July 2005 

Part I: A User's Guide to  
ICT Indicators and Indices 

1 Introduction 

This report provides an overview of recent developments in measuring the adoption and use 
of information and communication technologies (ICT) in enterprises. It can be regarded as a 
meta-study to the regular activity of e-Business W@tch, which is the study of sectoral e-
business implications. e-Business W@tch has been a player in the field of ICT and e-
business measurement itself since 2002. The initiative has carried out primary research on 
ICT adoption by European companies and contributed to the debate on adequate 
methodologies and instruments for this purpose. 

The report explores the state-of-play in the development of ICT indicators and data 
collection. The background and rationale for this effort is the assumption that the information 
economy (or knowledge economy) is the currently dominant "economic style" in the sense of 
Kondratieff's long waves of economic development. In the information economy, ICT are a 
key technology for producing economic benefits, for instance by increasing the productivity of 
firms. Against this background, adequate measures on the adoption, use and impact of ICT 
are important for policy-makers to anticipate trends and to assess the economic and social 
implications of this development. 

Analysis concentrates on international efforts in official statistics and in research to develop 
adequate metrics for measuring the use and impact of ICT in firms. This includes relevant 
work of the OECD, by Eurostat and research projects within the RTD Framework 
Programmes of the European Union. Special attention is paid to the issue of composite 
indicators, their promises and challenges.  As a concrete example of innovative approaches 
describing knowledge society developments, the report features a pilot study on "Sectoral 
Time-distances in the adoption of e-commerce activity", based on e-Business Survey results. 
This pilot was contributed by Professor Pavle Sicherl, SICENTER, Slovenia. 

Objectives of the report 

The main objectives of this report are to provide an overview of the state-of-play in ICT and 
e-business measurement, and to introduce alternative perspectives for presenting statistics 
on ICT diffusion. The report mainly addresses policy-makers who occasionally work with ICT 
statistics, rather than ICT experts themselves. It explicitly does not address statisticians, as 
they are fully familiar with the issues presented in this report. Instead, the report addresses 
the average user of ICT statistics who will normally not be a statistical expert. 

More specifically, the report has the following goals: 
· To outline the main underlying concepts ("ICT", "e-business") and a rationale for 

measuring these concepts; 
· To explain the main challenges in developing ICT indicators  
· To offer some practical guidelines for good use of ICT indicators that stem from 

enterprise surveys;  
· To provide an overview of the state-of-play in ICT measurement, including activities 

in official statistics and in research; 
· To present relevant examples of different approaches for developing and collecting 

ICT indicators (studies, initiatives); 
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· To discuss the merits and risks of compound indicators, and to offer practical 
guidelines for developing and using them; 

· To present innovative methods on how to better visualise ICT indicators, including a 
pilot study employing e-Business W@tch data. 

Except for the last point, i.e. the pilot study on S-time-distances, and in contrast to the e-
Business Sector Studies, this report is not based on primary research. It is a literature and 
desk-research study. 

 

 

1.1 Concepts and definitions 

There are no commonly established, agreed and concise definitions for the terms "infor-
mation society", "information economy", "knowledge society" and "knowledge economy". The 
underlying concepts are so broad, but also ideologically loaded, that clear-cut definitions that 
could be shared and accepted by a majority of the research and policy community are simply 
not possible. The common denominator of all approaches to create a framework for these 
concepts is that information and communication technologies play an important role.  

ICT – the 5th Kondratieff 

The Kondratieff model of long waves of economic development1 is a useful framework to 
conceptualise the information society and economy, which constitutes the fifth such wave of 
development since 1850. The "ICT Kondratieff" started in the late 1970s or early 1980s. 
Innovation in information technology constituted the driving force to change the Fordist 
economic style of the Fourth Wave. As the duration of one long wave is normally between 40 
and 60 years, the ICT Kondratieff can be expected to last for about another 20 years before it 
will gradually be replaced by a new economic style.  

Exhibit 1-1: Long waves of economic development (Kondratieff) 

1st Kondratieff 2nd Kondratieff 3rd Kondratieff 4th Kondratieff 5th Kondratieff

1800 1850 1900 1950 1990

Steam engine
Cotton

Railway
Steel

Electrical 
engineering, 
Chemistry

Petrochemicals 
Automobiles

Information and
communication
technology

A

B C

D

A: Irruption phase: emergence of the new technological and economic style
B: Growth phase: broad adoption, maturity, economic upswing
C: Turning point: saturation, begin of decline 
D: Paradigm change: economic recession, leading to new style 

1st Kondratieff 2nd Kondratieff 3rd Kondratieff 4th Kondratieff 5th Kondratieff

1800 1850 1900 1950 1990

Steam engine
Cotton

Railway
Steel

Electrical 
engineering, 
Chemistry

Petrochemicals 
Automobiles

Information and
communication
technology

A

B C

D

A: Irruption phase: emergence of the new technological and economic style
B: Growth phase: broad adoption, maturity, economic upswing
C: Turning point: saturation, begin of decline 
D: Paradigm change: economic recession, leading to new style 

 
 

 

                                                
1 Nikolai Dmitrijewitsch Kondratieff (1892 - 1938), a Russian economist, proposed a theory (1935) that Western 

capitalist economies have long term (40-60 year) cycles of boom followed by depression. The deployment of 
new cycles is triggered by technological innovation. Today, these cycles are referred to as "Kondratieff 
waves". 
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The economic developments since the 1990s fit the Kondratieff model very well. The 
prosperous growth of the 1990s, driven by information and communication technologies, and 
the frenzy of the new economy, are typical of the latter part of the prosperity phase after a 
new economic style has emerged. The burst of the dotcom bubble in 2001 represents a 
striking turning point for the current wave of economic development. The next phase is 
typically characterised by economic downturn, recession and even depression, before a new 
economic style emerges. If the model holds true, and if the duration of the current wave will 
not drastically shorten compared to previous waves, sustained economic upswing cannot be 
expected for the next 10 years. Many researchers also argue that health and life sciences 
will be the determinants of the new economic style to emerge in the forthcoming 6th 
Kondratieff. 

 

Data, information and knowledge  

The debate of semantic differences between "data", "information" and "knowledge" has filled 
many reports of this volume. The practical merits of this type of exercise are questionable, 
however. Most definitions that make a difference between these terms establish a kind of 
value chain. "Data" constitutes the raw material within this chain. Value is then added by 
processing data and using it in practical contexts. Compared to "data", "knowledge" has a 
much more complex connotation. Knowledge is a multi-dimensional concept which includes 
the aspects of experience and practical applicability. "Knowledge is the capability to take 
decisions using the information that is available at the decision time." (NewKind, 2002, p.3) 
Thus, the term knowledge captures the cognitive context. "Information" often takes a middle 
position between "data" and "knowledge", but is also used as a synonym for either of the two 
terms.  

While the distinction of these terms can be important for studies in social sciences and 
linguistics, it has little or no practical value for economic studies and studies on the diffusion 
of information and communication technologies (ICT).2 For practical reasons, it is therefore 
proposed not to make a difference between "information" and "knowledge" in the context of 
this report, as far as the terms refer to the information/knowledge society and to the 
information/knowledge economy.  

The term Information Society was introduced in the 1970s3 in connection with the develop-
ment of digital computing, but has gained political and academic momentum interest mainly 
since the early and mid 1990s.4 It has played a significant role on Europe's political agenda 
since the Bangemann report (1994), based on the paradigm that the surge of information 
technology would lead to an emerging transformation of almost any economic and societal 
area.  

                                                
2 The statement reflects the author's opinion. Social scientists have diverse views on this issue. 
3 The Reports on "The Information Economy" by Marc Porat (1977) and on the "Informatisation of Society" by 

Nora & Minc (1978), are considered as key documents constituting the information society paradigm in 
research and policy-making, respectively. 

4 The "Bangemann-Report" ("Europe and the Global Information Society. Recommendations to the European 
Council" from May 1994, and the G7 Meeting on the Information Society in Brussels (1995) are milestones in 
this development that triggered policy processes with far-reaching implications for Europe, for example the 
telecommunication liberalisation. 
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Excursus:  

The measurement of intangibles  

In the broader framework of the knowledge based economy, the possibility and 
importance of measuring investments into intangibles has been debated by the 
research, policy and business communities. "Intangibles" include areas such as 
research and development, a firm's know-how and knowledge management, 
the use of software, brands, licenses, copyrights, and organisational design. 
While there is broad agreement that these domains are key drivers of both 
competitive advantage and economic value creation, it is extremely difficult to 
develop adequate metrics for quantifying related investments and, even more 
so, for comparing the deployment of intangible assets between different 
companies. Research has addressed this issue under different topics and in 
different contexts, for example as part of the debate on "human capital" and its 
measurement.  

In this context, it has been proposed that the "EU should take steps towards 
building a better understanding of their fragmented and generally hidden 
productive processes", and that there is substantial requirement for statistical 
offices to extend data collection on intangible assets.5  

The link between intangibles and ICT arises from the rapid penetration of ICT in 
business, which is viewed as a key enabler of all the observed changes. On a 
macro-economic level, the main argument is that intangible assets enable 
knowledge-intensive economies to maintain their competitive position and to 
out-perform resource or labour intensive economies. Thus, against the 
background of globalisation, there could be a major implication for policy and 
business to strengthen the base of intangible assets in European companies. 

However, the concept of measuring intangibles is much broader than the 
measurement of ICT adoption and, possibly, e-business activity – which is the 
subject of this report. It is a different area of research and statistical activity. 
Statistics on ICT adoption and use are only a sub-segment within this research 
discipline.  

 

Defining the information / knowledge economy 

The information society can be studied and measured from different perspectives (social, 
technological, economic, spatial, occupational),6 but these are clearly intertwined, for 
example the economic and occupational dimension. The economics of information has 
become an acknowledged sub-division within economics. In the tradition of Fritz Machlup 
(1962) and Marc Porat (1977), indicators have been specified to measure the contribution of 
knowledge and information-producing industries to wealth creation. Indicators seek to 
quantify the economic significance of "information", separating the economy's information-
related components from the non information-related ones. 

Thus, there are two basic concepts of the "information / knowledge economy": a narrow 
concept and a broader concept, depending on whether the term is applied to the overall 
economy, or to measure specific business activities as part of the overall economy (see 
Exhibit 1-2). 

                                                
5 Eustace, Clark (2003) (ed.). The PRISM Report 2003. Research findings and policy recommendations, p. 8. 

Available at http://www.euintangibles.net  
6 Webster (1995), p. 6f. 
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Exhibit 1-2: Broad and narrow concept of the information/knowledge economy 

Broad concept Narrow concept 

The "knowledge economy" is not restricted to a 
certain segment of the economy, but is a term that 
characterises the dominant economic style of the 5th 
Kondratieff.  Thus it refers to the overall economy in 
the information age.  
 

The "knowledge economy" consists of specific 
segments of economic activity. It can be measured 
as a share of the total economy.  
Typical segments of the knowledge economy are 
education, research and development, media and 
communication services, manufacture of information 
and communication devices, and information 
services (software, legal, consulting). 
 

à Suggestion:  
The term "knowledge-based economy" could be 
used if the broad dimension is meant. 

à Suggestion:  
The term "knowledge industries" (or "sectors") 
could be used if the respective part of the overall 
economy is meant. 

 

These two concepts are commonly confused, as there is a significant amount of research on 
both aspects, which normally specify their own working definitions. A pioneer milestone in the 
record of measuring the knowledge economy in the narrow sense was Fitz Machlup's work 
on "The Production and Distribution of Knowledge in the USA" (1962). Machlup defined five 
sub-sectors that comprise the knowledge industries: education, research and development, 
media and communication, information machines, and information services (including legal, 
engineering, accounting/auditing and medical services). These business activities can be 
defined by standardised classifications of business activities, such as NACE Rev. 1.1.7 

The reference to this earlier research shows that the study of information and knowledge as 
an economic factor is not so new after all. The nature and importance of knowledge and 
information have changed considerably, however, since personal computers made their way 
into households and businesses. In recent years, the OECD has made substantial efforts to 
develop adequate definitions and methods for measuring the information economy (cf. 
OECD 2002, 2004a, 2004b) and electronic business activity (OECD 2004a, p. 105-140).  

The OECD includes both manufacturing and service activities in its industry-based definition 
of the ICT industries, based on the International Standard Industry Classification (ISIC) 
Revision 38, cf. Exhibit 1-3. In most OECD countries, this sector was found to be "relatively 
small, although it has grown rapidly over the 1990s". For the year 2000, the share in 
business employment ranged from 3.7% (in Portugal) to 11.3% (in Finland), while the share 
in value added was found to be higher. (OECD 2004b, p. 21f.) 

                                                
7 NACE Rev. 1 is a 4-digit activity classification which was drawn up in 1990. It is a revision of the "General 

Industrial Classification of Economic Activities within the European Communities", known by the acronym 
NACE and originally published by Eurostat in 1970. 

8 The International Standard Industrial Classification of All Economic Activities (ISIC) is a hierarchically 
structured system of business activities, recommended for global application. NACE has been derived from 
ISIC Rev. 3, harmonised with Rev. 3.1, and can thus be regarded as the "European ISIC". 
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Exhibit 1-3: OECD Definition of the ICT industries 

ISIC code Business Activity 

Manufacturing  

3000 Manufacture of office, accounting and computing machinery 
3130 Manufacture of insulated wire and cable 
3210 Manufacture of electronic valves and tubes and other electronic components 
3220 Manufacture of television and radio transmitters and apparatus for line telephony 
3230 Manufacture of television and radio receivers, sound and video recording 
3312 Manufacture of instruments and appliances for measuring, checking, testing, navigating 

and other purposes  
3313 Manufacture of industrial process control equipment 

Services  

5150 Wholesale of machinery, equipment and supplies 
7123 Renting of office machinery and equipment (including computers) 
6420 Telecommunications 
7200 Computer related activities (hardware and software consultancy, software supply, data 

processing, database activities, maintenance and repair of office, accounting and 
computing machinery, other) 

Source: OECD (2004). The Economic Impact of ICT. p. 21 

Indicators for the information economy 

With the advent of the personal computer and the Internet, the scope of the subject under 
study has broadened. The macro-perspective of studying the size of the ICT industries as a 
whole is complemented by a meso- and micro-perspective which constitute different focal 
points for ICT measurement. Accordingly, a basic distinction can be made between the 
following generic categories of ICT related statistics (cf. Exhibit 1-4): 

· Indicators on the size of the ICT industries as a segment of the whole economy 
· Indicators on the size and development of ICT expenditure (either investments by 

enterprises or household expenditure) 
· Indicators on the use of ICT use by enterprises or households 
· Indicators on the availability, price and quality of ICT services 
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Exhibit 1-4: Generic categories of ICT statistics 

Focus on: "ICT industries" "ICT investment / 
expenditure" 

"ICT use" "ICT services" 

Main 
objective 

Measurement of the 
contribution of the 
ICT sector(s) to the 
overall economy 

Measurement of the 
aggregate 
expenditure by firms 
and/or households on 
ICT 

Measurement of ICT 
adoption by enter-
prises or households 
and description of 
related activities 
(particularly in the 
case of enterprises) 

Measurement of the 
availability, price and 
quality of ICT 
services, particularly 
telecommunication 
services 

Units of 
observation 

Sector(s) Consumers (total)  
Industry 

Companies 
Households 

Service providers 

Perspective Supply-side Demand-side Demand-side Supply-side 

Challenges Segmentation of the 
industry: definition of 
the "ICT industries" 
(e.g. services and 
manufacturing?, …) 
Harmonisation of 
industry statistics  

Definition of "ICT" 
and segmentation 
into measurable 
categories 
Data availability 
(expenditure data), 
choice of adequate 
method  

Translation of 
activities into 
adequate survey 
questions 
Costs of data 
collection  

The multitude of 
different tariffs and 
service packages 
makes any 
comparison difficult. 
Convergence 
between different 
types of services. 

Main data 
sources  

· Official statistics  · Retail sales 
· Consumer surveys 
· Enterprise surveys 

· Enterprise surveys · Information from 
service providers 

Indicators 
(examples) 

· ICT industries in 
% of GDP 

· Total production 
value and value 
added 

· Employment in 
ICT industries  

· Expenditure for 
computer 
hardware  

· Expenditure for 
software and 
services 

· Telecommunic-
ation expenditure 
(services)  

· Internet access 
· e-Commerce 

activity (online 
sales, online 
procurement) 

· Use of special 
software (CRM, 
SCM) 

· Internet 
connection prices 

· Prices for mobile 
communication 
services 

· Quality of mobile 
networks  

Data 
providers in 
EU 
(examples) 

· EITO 
· Structural Busi-

ness Statistics 
(Eurostat) 

· OECD (as data 
aggregators) 

· EITO 
· OECD (as data 

aggregators) 
· CIS (Community 

Innovation 
Survey) by EU 

· Eurostat 
· e-Business 

W@tch  
· National monit-

oring initiatives 
· OECD 

· ITU (Internat. 
Telecom. Union) 

· OECD 

Source: e-Business W@tch (2005) 
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1.2 The role of ICT indicators for policy 

When the political agenda further propelled the issue of information society developments, 
statisticians from different statistical bodies, as well as academia, had already been engaged 
in exploring statistical measurement of the underlying concepts. These developments led to 
the recognition of the necessity for a common European (and possibly international) 
approach in monitoring the information society. These activities set the frame, for example, 
for the Surveys on ICT use in households and in enterprises within Eurostat's Information 
Society research area. 

There are two main reasons why policy is closely monitoring ICT adoption and electronic 
business developments. The first consideration is that these developments can coincide with 
European or national policies, particularly in the following areas: 

· The regulatory environment for telecommunication services; 
· Innovation and technology policy; 
· Education and labour market policy; 
· The role model of the public sector; 
· Other policy areas which may possibly overlap with electronic business developments 

(e.g. patenting law, trade regulations). 

The second reason is that ICT and electronic business may not only interfere with the policy 
areas listed above, but are considered to have an impact on economic development in 
general. The main assumptions are that ICT are a key driver for innovation, and that 
adoption (or non-adoption) by enterprises may thus have an impact on productivity, 
competitiveness and growth. If so, policy has a role to stimulate and promote ICT adoption 
by enterprises. Following this rationale, EU Member States and many regions within the 
Member States have adopted e-business policies. 

Against this background, the Enterprise and Industry Directorate General of the European 
Commission has undertaken a substantial effort to systematize e-business policies with 
respect to their objectives, targets and contents. The "Go Digital" campaign can be regarded 
as the starting point and initial background of this activity. In March 2003, the Commission 
issued the Communication "Adapting e-business policies in a changing environment: The 
lessons of the Go Digital initiative and the challenges ahead"9, to stimulate a target-oriented 
policy-making process and debate in this area. The Communication outlined a framework for 
SME specific e-business policies that consists of three main challenges and nine related 
objectives. Based on this work, DG Enterprise and Industry has started to benchmark 
national and regional e-business policies, in particular as part of the activities of the e-
Business Support Network (e-BSN, www.e-bsn.org).10 

In this context, ICT indicators are an important instrument for policy in several ways. First, 
quantitative data are needed to "map" the status quo, possibly by comparing the situation 
with other regions or countries. Second, data are required to understand and assess the 
dynamics of the development, and to monitor the progress achieved over time. There is 
considerable debate among policy-makers and business intermediaries as to what extent e-
business related policies can and should involve quantitative targets. Irrespectively of the 
various positions being taken in this debate, it is commonly agreed that some statistics are 

                                                
9 COM(2003) 148 final 
10  In this context, a study on "Impact Assessment of e-Business Policies" was launched by DG Enterprise and 

Industry in late 2004 in order to assess the outcomes and impacts of 10 e-business policy initiatives in EU 
countries. 
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absolutely needed as background information, and that benchmarking can be a useful 
instrument in policy-making processes.  

For e-business policies, surveys are the main vehicle to provide these statistics. The 
following chapter explains some of the challenges that have to be faced when carrying out 
such surveys, and provides recommendations to users of the results. 

 

 

1.3 From questions to indicators: challenges for ICT surveys 

What is an "indicator"? 

An indicator is designed to represent and provide quantitative information about a construct 
of interest which itself cannot be directly measured. The objective is to be able to compare 
elements of a set of categories with each other – for instance country with country, sector 
with sector, or small with large enterprises, and to be able to follow trends in the construct 
over time.  

Before specifying indicators, it may be necessary to break down a construct – a complex 
social and/or economic category – into dimensions. These represent the different elements 
and features of a complex social construct. For instance, "e-business" can be regarded as a 
construct with different dimensions such as customer-facing processes, supply-side 
processes, and internal business processes.  

On the side of indicators, the reverse process of breaking down a construct into dimensions 
is to re-aggregate individual indicators into an index. This index, ideally, then represents a 
model of the complex social or economic construct.  

Exhibit 1-5: Indicators, dimensions and constructs  

Construct

dimension 1 dimension 2 dimension 3

dimension 4 dimension n

Object of interest Empirical measures

indicator 3.1
indicator 3.2
indicator 3.3
…
indicator 3.n

Index (= compound indicator)
Construct

dimension 1 dimension 2 dimension 3

dimension 4 dimension n

Object of interest Empirical measures

indicator 3.1
indicator 3.2
indicator 3.3
…
indicator 3.n

Index (= compound indicator)

 
 

As shown in Exhibit 1-4 before, ICT indicators can be derived from very different types of 
data sources, including: 

· Representative surveys  
o GPS: General Population Surveys among citizens 
o DMS: Decision-maker Surveys among any type of organization or profession 

(for example among enterprises, public administration authorities, teachers, 
hospitals, doctors) 

· Industry statistics and national accounts 
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· Information from individual companies, e.g. about retail sales and shipments from ICT 
vendors 

· "Baskets" of certain goods or services: Baskets are used, for example, for calculating 
price indices such as the consumer price index, or telecommunication costs. 

As it would go beyond the scope of this report to discuss the strengths and weaknesses of 
each of these potential sources (for instance in terms of data accuracy, flexibility of the data 
collection process, timeliness of results, international comparability, continuity of the data 
collection) the focus is on indicators that are based on representative surveys among 
decision-makers in enterprises. It is the most important source for indicators about ICT 
adoption among enterprises.  

The objectives of this chapter are to present an analytical framework for the process from 
"asking questions" to "presenting indicators", and to highlight some of the challenges that 
have to be dealt with during the various phases of this process. A proper understanding of 
this process can help users of indicators better understand the value and limitations of 
indicators. 

The main phases in collecting ICT indicators through surveys 

The process from planning and carrying out interviews with decision-makers in companies to 
finally presenting "indicators" on ICT use is long and involves many critical decisions and 
challenges. Exhibit 1-6 depicts the major steps in this process and highlights the critical 
issues that have to be addressed in each phase. 

Exhibit 1-6: From questions to indicators: tasks and challenges 

 Survey  
set-up 

Field-work 
(Interviewing) 

  Aggregation  
   of raw data  

Data modelling, 
analysis Phas

e 

Output 

Challenges

Task
s 

• Complexity of issues:  
translating concepts to be 
investigated into (simple) 
questions. Use of open 
questions? 

• Sampling: 
Directories of target 
population available? 

• Resources: 
How many companies can 
be interviewed?  
Is the sample 
representative? 

• Participation level:  
Possible bias due to 
refusals of firms to 
participate in survey  

• Interview length: 
Complex issues would 
require more interview time 
(explanations, definitions) 
than is normally available 

• Applicability of questions: 
Some questions may not 
be applicable for parts of 
the target population  

• Significance / confidence 
intervals: 
particularly if an indicator 
is based only on a part of 
the sample 

• Decision on weighting: 
What is the adequate 
weighting principle? 
Impact of "extreme" 
cases (e.g. very large 
firms) on weighting.  

 

• Traps of aggregation:  
Correlation between 
component indicators, 
risk of over-aggregation 

• Interpretation of results: 
Linking the quantitative 
results to initial research 
questions, identifying key 
results and trends 

 

Questions Answers Indicators Indices 

"Does your company 
have Internet 

access?" 

"Yes." "Internet access  
in % of 

companies" 

"Connectivity" 

• Definition of target 
population 

• Questionnaire(s) 
• Interview method 
• Sampling method 

• Carry out interviews 
• Interview protocols 

(electronic / paper) 

• Translation of 
interview questions 
into indicators 

• Weighting  
• Aggregation of 

case level data into 
simple frequencies 

• Statistical analysis 
(e.g. factor analysis, 
correlations) 

• Construction of 
compound indicators 

Q1: "…?"  
Q2: "…?"  
Q3: "…?"  

Case level 
data file 

 
 

Indicator 
1 
Indicator 
2 
Indicator 
3 

+ = Compoun
d 

 
Source: e-Business W@tch / empirica GmbH (2005) 
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The main challenges 

The challenges depicted in Exhibit 1-6 have to be confronted whenever collecting data 
through representative enterprise surveys. In fact, some of these challenges are more 
significant in decision-maker surveys than in general population surveys, for instance the 
level of acceptance to participate in the survey, and the calculation of weighting schemes. 
Questionnaire design, decisions on sampling, and weighting are discussed in some more 
detail, as these are important issues for users of the data as well.  

Questionnaire design 

The survey questionnaire is the main instrument which is used to collect indicators through 
representative surveys. However, it is in many cases a big challenge to translate "research 
questions" into "survey questions". This is a critical step in the implementation of data 
collection processes, and the related challenges involved are commonly underestimated by 
users of ICT indicators.  

Another critical challenge is the need to reduce complex concepts and research 
questions into "simple" survey questions. While simple concepts such as "having access 
to the internet" can easily be translated into a survey question, this can be difficult for more 
complex concepts to be investigated. For example, the topical and important issue of linking 
business processes electronically cannot be directly phrased as a survey question. It needs 
explanations and must be broken down into sub-sets.  

A major challenge, particularly if telephone interviews are used as a method, is the limited 
interview time: the average length of an interview is normally restricted to 15-20 minutes, as 
otherwise the refusal rate and the stop rate (interviewees discontinuing an interview because 
it takes too long) increase significantly. Costs for the survey also increase. This means that 
there is no time for lengthy explanations or discussions of complex concepts. Questions must 
be straightforward and immediately understandable. Against this background it is evident 
why testing ("piloting") a questionnaire before launching the survey is so important, 
particularly when using telephone interviews. 

Decision on the universe and on sampling techniques 

Any survey among enterprises has to take a decision whether to include all companies or 
whether to make a cut-off (e.g. in terms of firm size, or by not including companies that do 
not use computers). As the OECD points out (2002, p. 48), results on ICT adoption rates are 
extremely sensitive to the sample used in a survey. In countries surveying all businesses, the 
smallest firms’ results will dominate due to the large number of this type of enterprises. Using 
cut-offs (for example to include only firms with five or more employees, as used in surveys in 
Denmark and Finland, or with ten or more employees as in Sweden and the UK), shifts the 
emphasis on smaller or larger enterprises. Clearly, if "100%" means enterprises with at least 
10 employees, e-business activity will appear to be wider diffused than in a survey where 
"100%" means all enterprises, including micro-companies with less than 10 employees. 

Weighting 

In order to be able to raise the figures obtained from the interviews to national (or EU) level, 
some form of weighting is required to adequately reflect the structure and distribution of 
establishments (or related variables) in the universe of the respective country (or the 
European Union). The procedure used by e-Business W@tch in its e-Business Surveys can 
be used as an example to explain the issue. e-Business W@tch uses weighting by 
employment. However, other forms of weighting, for instance by turnover, are also possible. 

Original weight. Firstly, within each country and sector surveyed, interviews are split 
according to a quota plan which guarantees that the sample is not dominated by micro- and 
small companies (which would be the case if random sampling without any quota would be 
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applied). As a consequence of this procedure, the sample of interviewees includes about 
10% of large enterprises with more than 250 employees. 

Weighting (by employment). In terms of employment, large enterprises account for much 
more than 10% of employees in most countries and sectors. This means that the raw data 
obtained through interviews need to be "weighted", if they are to be presented as 
employment-weighted figures. Unfortunately, the data available on the distribution of 
employment over enterprise size bands is very limited for most EU Member States. The e-
Business W@tch uses mostly the Eurostat New Cronos database to extract the data that are 
necessary for weighting. Weighting variables are then linked with the indicators to produce 
the weighted figures. The weighted sample for each country therefore reflects employee 
distribution between the establishment size bands within that country. This means, for 
example, that an employment-weighted value of ”20% in country A” should be understood to 
mean ”enterprises accounting for 20% of all employees in country A”. 

Weighting by employment for an aggregate of several countries. Additionally, another 
weighting factor is then created to calculate average figures for all countries in the sample. 
Each country is represented in this weight according to its share in the total employment of 
the countries in which the survey is conducted. 

In household surveys, different weighting issues have to be considered, for example the 
transformation from a household sample to a person sample. If only one person per 
household is interviewed, the described sample procedure provides a household sample, i.e. 
each household of the base population has the same likelihood of being in the sample, but 
not each person. With the weighting stage of the transformation, the equal likelihood of 
households is replaced mathematically by the equal likelihood of the individuals. In addition, 
an adjustment of the unweighted sample structure to the official statistics in terms of 
population distribution (for example age, gender or income) needs to be considered. 

Conclusions and recommendations to users 

Users of ICT indicators should possess a basic understanding of key issues and processes 
of data collection. This will help them to put figures into perspective and avoid mis-
interpretation of results. The main steps of the process and the critical issues involved have 
been summarized in this chapter. The following checklist (Exhibit 1-7) proposes four key 
questions which users of ICT statistics could ask themselves when working with data in order 
to make sure that they really understand their meaning. 


