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ICT impact 
assessment by 
linking data

Between 2006 and 2008 ONS led a 
research group consisting of representives 
from 13 EU statistical offi ces and a small 
number of independent academics to:

■ develop new indicators on the 
economic impact of ICT in business, 
and 

■ extend consistent analysis of ICT 
impacts to new countries 

The results show benefi cial productivity 
effects associated with ICT. Firm-level 
analysis in Sweden and Netherlands 
suggests that this is partly due to  ICT 
being a facilitator of wider innovation.

The results of this study are compared 
with recent work in the US and a number 
of other OECD countries. The article 
concludes by outlining objectives for the 
next round of research.
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Introduction and Background

ICT indicator development for policy

Information Society indicators have 
a short history in the European 
Statistical System. Nordic countries, 

and INSEE, took a signifi cant interest in 
how information and communication 
technology (ICT) was being used in 
industry, and in society, in the mid 1990s, 
as the use of networks began to impact on 
more fi rms and households. . 

After OECD’s 1998 ministerial meeting 
on e-commerce, member states set out to 
develop common statistical approaches 
to measuring the information society, 
at work, in the home and in the wider 
community. Initial conceptual work 
on definition of the ICT industries 
and of ICT products and services, on 
e-commerce and measurement of ICT 
use in business and households was led 
by a small group of countries, including 
Canada and Australia..

Th e approach used to develop 
metrics focused on understanding the 
transformation of economic and social 
relationships by ICTs. A linear model was 
used, aimed at understanding: 

■ ‘readiness’ of economies and 
institutions, businesses, households 
and government, to accept or perform 
electronic transactions of various kinds

■ ‘use’ of ICT, e-commerce and electronic 
business processes, and

■ ‘impact’ or change in behaviour and 
performance of economic and social 
actors.

Th is ‘S curve’ approach dominated 
early years of statistical development. It 
accompanied policy focus on building 
the foundations for internet use, through 
education, familiarisation, infrastructure 
in terms of equipment and the creation 
of networks. Th ere was little empirical 
evidence on gains from the ‘impact’ of ICT. 
It was assumed that economic and social 
benefi ts of ICT would become evident, and 
that Solow’s Paradox of 1989 “You can see 
the computer age everywhere but in the 
productivity statistics” (Solow R M. 1987) 
would be resolved. Th is resolution took over 
a decade.

ICT measurement in the EU was given 
impetus in 2001 by adoption of the Lisbon 
strategy to promote Europe as a ‘dynamic 
knowledge based economy’. Th e Council of 
Ministers committed to policies through 
which innovation, including development 
of ICT use, would break the EU‘s poor 
productivity performance compared to the 
US. A set of policy indicators was created to 
monitor progress.

Indicators for innovation in the 
EU’s Structural Indicators include ICT 
investment and e-commerce use. ICT 
investment is measured by private sector 
sources, as national accounts estimates 
were not considered reliable. Consistent 
measures of use of electronic transactions 
use offi  cial surveys, on business use 
of computers, networks, internet and 
e-commerce to more complex questions on 
e-business processes, barriers and benefi ts 
of use, employee engagement, security, and 
skills. 

Eurostat developed a range of indicators 
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specifi cally to monitor the ‘e-Europe’ 
programme from 2001 to 2005. Most 
were designed to measure the ‘e-readiness’ 
and ‘use’ stages of ICT development in 
households, government and business. 
Attention focused on individual / 
household measures of IT and internet use, 
on education and government services, with 
the largest section on business metrics. 

ICT macro impact analysis
Early assessments of the economic impact 
of ICT on an international scale were largely 
based on macro economic analysis. An 
OECD review as late as 2003 concluded that 
‘evidence on the role of ICT investment is 
primarily available at the macroeconomic 
level’. Th is was aided by the 1993 decision 
to treat soft ware investment as an asset in 
the System of National Accounts (SNA), 
which allowed analysis of the role of ICT 
investment (hardware and soft ware) in 
growth accounting across the majority of 
developed economies.

Comparisons by OECD (OECD 2004) 
show, for the 1990s, how ICT investment 
contributed to overall growth across 15 
member states, and split out the productivity 
eff ects for ICT producing industries, and 
for ICT using manufacturing and for ICT 
using services. Th e study highlights strong 
ICT investment in service industries – 
but much early impact analysis focused 
on manufacturing for measurement 
reasons. While it showed ICT investment 
contributing to growth and productivity, 
diff erences between countries were striking.

Strong multi-factor productivity growth 
in the US associated in this study with ICT 
use was interpreted as a result of the US’ 
early lead in adoption of ICTs, overcoming 
adjustment costs and benefi ting from 
competitive markets in which entry, exit 
and adjustment were easier. For a number 
of EU economies the contribution of ICT 
use to productivity growth did not grow.

A major diffi  culty in early assessments 
of ICT impacts for policymakers was that 
estimates of ICT investment in macro-
economic data were not consistent across 
countries. Macro estimates through the late 
1990s were also complicated by the ‘dot com 
boom’ which changed market conditions to 
such an extent that productivity gains were 
attributed to this rather than to structural 
or technological change. Productivity gains 
could be seen in the (fast growing) ICT 
producing industries, but benefi ts for ICT 
users were less clear. 

Industry analysis is the focus of more 
recent work in the US. Brynjolfsson 
and colleagues, in ‘Scale without Mass’ 
(Brynjolfsson et al, 2006) looked at the 

relationships between industry ICT 
intensity, and the characteristics of 
competition across US industries and 
concluded that:

■ greater ICT use speeds up 
experimentation and diff usion of 
new, successful, business models by 
‘winning’ fi rms, and is associated with 
more market share change in industries

■ the eff ect of this process is to encourage 
increasing supply concentration, as 
successful fi rms supported by ICT 
grow, and others lose market share or 
exit the market.

Th is US analysis draws no specifi c empirical 
conclusions on productivity or on economic 
performance associated with technology. 
However the ‘KLEMS’ initiative starting in 
2004 and funded by the EU was designed to 
take industry level National Accounts data 
and develop growth accounting models by 
industry taking account of capital (K), labour 
(L), energy (E), materials (M) and services 
(S). Among inputs identifi ed as part of this 
programme is ICT capital (as part of K). 

KLEMS results show signifi cant 
diff erences across countries, and between 
the EU and the US, in the growth 
accounting impact of ICT investment. Th e 
broad picture demonstrates that: diff erential 
gains in productivity in more intensive ICT 
using industries have been an important 
part of the US productivity advantage over 
the decade to 2004, and that distribution 
and business / fi nancial services show the 
most substantial gains.

Th e data shows these diff erences largely 
in terms of TFP (i.e. unexplained) growth. 
Th is suggests that National Accounts data 
on ICT investment may not be suffi  ciently 
well developed to act as a good explanatory 
variable – essentially the same conclusion 
as that reached by the compilers of the EU 
structural indicators. 

ICT investment measurement is explored 
in work by the UK Offi  ce for National 
Statistics (Chamberlin et al 2006). As the 
proportion of IT investment is increasingly 
weighted towards soft ware rather than 
hardware, and the proportion of soft ware 
created outside the IT industry grows, 
offi  cial IT investment estimates require 
more assumptions

An additional factor which aff ects the 
pattern of ICT investment, revealed by 
this project, is the growing importance of 
IT service outsourcing. Finnish analysis, 
using survey questions on outsourcing of IT 
services, shows that productivity incentives 
for outsourcing IT are strongly positive. 
Th is may infl uence the distribution of IT 

investment across industries, and make it 
unrepresentative of the pattern of ICT use, 
and so of the impact of ICT on business 
operations. Direct measures of ICT use may 
be a better way of assessing this.

Firm level impact analysis
By 2002/3 extensive experience had been 
gained to build confi dence in fi rm level 
responses to ICT use surveys. Researchers 
in the US, France, Nordic countries and the 
UK started linking these surveys to business 
output and employment data to test 
whether productivity diff erences between 
fi rms could be linked to use of information 
technology or communications.

Use of fi rm level data to study the 
relationship between ICT and fi rm 
performance spread across a number of 
countries as consistent surveys became 
available. Early studies drew on offi  cial 
and private data sources. Examples of the 
diff erent approaches adopted include:

■ inclusion of ICT capital stock at fi rm 
level as a separately identifi ed capital 
input in total factor productivity (TFP) 
analysis (Brynjolfsson & Hitt, 2001; 
Hempell, 2002)

■ inclusion of ICT capital alongside other 
measures of ICT use, such as internet 
use or number of employees using ICT 
(Maliranta & Rouvinen, 2003)

■ inclusion of ICT capital stock with 
measures of innovation or organisation 
change (van Leeuwen & van der Wiel 
2003)

■ inclusion of measures of computer 
network use (i.e. behaviour) as an 
additional determinant of TFP in a 
productivity regression equation (e.g. 
Atrostic and Nguyen, 2002).

In 2004 OECD published a portfolio of fi rm 
level studies, some comparing ICT impact 
in diff erent countries, and using similar 
analytical methods, across 13 countries. For 
some countries comparisons could only 
be drawn for manufacturing, and in some 
(e.g. Germany) links could only be made 
outside the statistical system. EU member 
states dominated this fi rst major review 
which also included Japan, the US, Korea, 
Australia and Canada.

In 2005 the UK ONS published a set of 
studies (Clayton et al 2005), which took 
account of:

■ fi rm level data on IT capital stock, both 
hardware and soft ware

■ fi rm level measures of ICT use by 
employees, of computers and the 
internet
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■ fi rm level use of e-commerce for both 
procurement and selling

■ fi rm level use of communications 
networks.

Th ese studies showed that while IT 
investment is associated with increased 
fi rm productivity, impacts depend on 
contingent factors, including whether or not 
the fi rm is a multinational, whether it has 
a US home base, its age, and whether it is a 
manufacturing or service operation. Th ey 
also showed that:

■ greater ICT use by employees has an 
additional association with higher 
productivity, over and above the eff ect 
of IT investment

■ organisational diff erences associated 
with US ownership infl uence 
productivity returns associated with 
investment in IT hardware for the UK 
affi  liates of US fi rms

■ returns to IT investment are also 
infl uenced positively by fi rm level 
possession of skills (measured by 
employees with degrees) and by 
investment in fi xed capital.

Th is work was followed by further analysis 
of investment in high speed internet by 
fi rms and the eff ects of broadband use on 
productivity (Farooqui S. and Sadun R. 
2006). Th is suggested – using a short time 
series of fi rm data – that employee use 
of fast internet was a useful productivity 
indicator.

Each of these studies has shown that 
ICT investment and use by fi rms has an 
impact of productivity levels or growth 
which depends on the sector in which a 
fi rm operates, so is business model specifi c, 
and which depends on other inputs, related 
to skills, organisation, or innovation. It 
is therefore worth considering the work 
which has been done on ‘complementary 
investment’ to ICT.

Understanding ‘complementary 
investment’
For US, UK, and several other economies, 
new analysis has recast National Accounts 
to take account of ‘intangible investment’, 
including soft ware, R&D, expenditure 
on ‘non technical’ innovation including 
design, training, organisational change and 
branding (Hao, Manole and van Ark, 2008). 
Data is still developing (see EU COINVEST 
work at www.coinvest.org.uk), but the 
emerging picture shows that:

■ intangible investment is a rising part 
of activity by fi rms, and that soft ware 

and associated business process/
organisation investment have been the 
fastest growing elements

■ intangible investment now rivals 
investment in fi xed assets for the US 
and the UK

■ much of intangible investment is 
‘capitalised labour’ and so shows a 
diff erent picture of relative returns to 
capital and labour from that in offi  cial 
economic statistics.

To interpret this macro framework in fi rm 
level or industry level analysis requires us 
to treat ICT as one agent of innovation and 
growth. Applying it at fi rm or industry level 
needs links between surveys on innovation, 
R&D, skills, organisation / e-business, other 
‘intangibles’ and business productivity and 
growth. Our project has set out to do this 
in countries where data are linkable to the 
ICT use survey, and to fi rm output data. 
A majority of NSIs provide evidence on at 
least one of these themes.

Approach to analysis
We have been able to build on earlier 
studies of surveys, undertaken by the EU 
and others, on the types of indicators which 
are most valuable in developing measures of 
‘impact’ for ICTs. Th e NESIS project had as 
one of its key recommendations that ‘more 
intensity indicators should be developed on 
the way from readiness to impact indicators’ 
(Airaksinen A. 2004). Th e recommendation 
recognises that intensity of ICT use in 
fi rms indicates how far they have changed 
processes and organisation.

Eurostat’s survey includes questions on 
the degree to which employees are engaged 
with ICT, but results for most countries 
on consistent questions about how far ICT 
is embedded in business processes and 
transactions was not available until 2008. 
Our fi rm and industry level analyses have 
used earlier intensity measures as the best 
starting point, looking for relationships 
between usage and productivity or growth. 

Firm level analysis of the drivers of 
productivity and growth is the foundation 
of our economic understanding of 
fi rm behaviour and performance, and 
of the infl uence of market conditions 
and technology change on competitive 
behaviour. Insights gained from fi rm level 
analysis benefi t from much more exhaustive 
use of data. Th e range of experience and 
performance captured in fi rm level data is 
much richer, and contains an additional 
order of magnitude in degrees of freedom, 
compared to industry level data. Firm level 
analysis is where we should fi rst pick up 
signs of impact from use of a technology, 

by comparing successful and unsuccessful 
fi rms. However, fi rm level analysis, of 
productivity or growth performance of 
individual units, may not pick up the 
‘macro’ eff ects of resource reallocation as 
successful fi rms grow, and unsuccessful 
fi rms shrink or exit.

Methods and Data Sources

Overview
Th e project methodology is illustrated in 
Figure 1. It starts with metadata review, 
to establish what data are held in each 
National Statistical Institute (NSI) and to 
identify core variables. Project data are 
described in detail in the full report, but the 
variables include:

■ variables on ICT-usage by fi rms, drawn 
from the harmonised e-Commerce 
survey

■ variables which describe economic 
characteristics and performance of 
fi rms, drawn largely from countries’ 
structural business surveys (or 
Production Surveys)

■ information on the population of fi rms 
in each project country, from Business 
Registers.

Firm-level data drawn from all three 
sources are assembled and processed to 
create a set of output datasets in each 
project country. Th is takes place in a secure 
environment, refl ecting the confi dential 
nature of the fi rm-level data and is designed 
to generate non-disclosive statistics, across 
one or more dimensions such as industry 
group, size class, year etc. 

Datasets are checked for disclosure 
before being released from their secure 
NSI environments and compiled into 
multi-country datasets. Under the legal 
framework in force in 2008, access to the 
multi-country datasets is confi ned to a 
subset of project participants.

Selecting and assembling data
Th e choice of variables and detailed 

scope of the analysis has been an iterative 
process, informed by experience of 
project members, our metadata survey, 
the development of the analytical code 
and investigation of preliminary results, 
disclosure issues, and other factors. 
Some examples of issues arising from the 
metadata phase are as follows:

■ ICT investment and capital stocks 
are highly relevant to analysis of ICT 
impacts; only two members have fi rm 
level ICT investment data, (UK and 
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Figure 1
Overview of Project Methodology
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Netherlands), and they undertook a 
‘lead country’ analysis on this.

■ Fast internet capacity and share of 
broadband enabled workers were added 
as data showed near saturation of PC-
enabled workers; UK research on fast-
internet usage also was signifcant.

■ Firm-level data on labour skills, such 
as share of fi rm’s employees with 
post-secondary education, exists in 
only a few countries via survey or 
administrative data. Wages / employee 
were used as a proxy for skills in 
analysis across the wider project group.

■ ICT business integration questions 
from the e-Commerce questionnaire 
prior to 2007, are included in analysis 
which has been run by a ‘lead’ group of 
6 project countries.

■ Th e e-Commerce survey is harmonised 
across countries, but diff erences 
exist in implementation. Translation 
of the model questionnaire can 
lead to diff erences in wording of 
questions; there are diff erences in 
coverage frequency and in sampling 
methodology.

Business registers provide a reference 
framework for re-weighting of sample 
variables, as a business register covers the 
whole population of fi rms, and all business 
registers carry basic information such as 
fi rm employment. Th e project design uses 
business registers as sources of additional 
information on fi rm characteristics, such 
as age, whether the fi rm is owned by a 

multinational, and whether the fi rm is an 
exporter. In some countries registers do not 
contain all these data, and it needs to be 
added.

NSIs do not hold raw fi rm-level data in 
a format that can be addressed directly by 
the analytical code for this project. A central 
feature of the project is that identical code is 
run in each NSI. Investment in metadata and 
code methods has been required to achieve 
this as coverage and scope of available data 
varies across project countries.

Although the analytical code is robust 
to missing variables, certain features of 
the input data are essential for the code to 
function properly. Th ese include unique 
identifi ers across all datasets, and consistent 
assignments to industry classifi cations

Issues that have arisen in preparing data 
include:

■ Inconsistent variable naming in 
diff erent vintages of survey data where 
question numbers change over time. 
Th e project code only allows a one-
to-one mapping of names, and NSIs 
must ensure that variables are named 
consistently.

■ Missing variables in some survey years, 
for example, where new questions have 
been added to the e-Commerce survey. 
Users must ensure that all variables that 
are assigned to project variables are 
found in every annual input dataset.

■ Firm level data in Germany are 
collected and held at regional (Länder) 
level. Th ese data have been integrated 

into synthetic national fi rm-level 
datasets for this project.

Variables used in the project, and data 
availability across countries are shown in 
Annex Table A.

Code development and operation
Marrying identical code with varying 
national data availability is achieved by 
building dynamic fl exibility into the code. 
Apart from a small number of core variables 
without which analysis cannot proceed, the 
code is designed to allow fl exibility in to 
data availability. In running the code, each 
NSI assigns country-specifi c variable names 
to each variable, entering a null value if the 
project variable does not exist in their input 
datasets. Th e code then builds dynamic lists 
of variables that exist.

Th e outputs of the core project code are:

■ A set of industry / country indicators 
built with identical aggregation 
methods.

■ A set of results from identical 
regressions on matched fi rm-level data 
in each project country.

Once input data have been assembled and 
checked, NSIs populate the program run 
fi le with local parameters to match project 
variables with local names, and specify 
which productivity metrics to use:

■ LPQ – log of real gross output per 
employee. Nominal values are defl ated 
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using EU-KLEMS industry level 
defl ators. Since all regressions include 
time dummies, regression results do not 
depend on choice of defl ator.

■ LPV – log of real value-added per 
employee.

■ TFP – a log index of real value added 
divided by weighted inputs of labour 
and capital, with weights derived from 
average factor shares of labour and 
capital in each industry.

■ MFP – a log index of real gross output 
divided by weighted inputs of labour, 
intermediate inputs and capital, with 
weights derived from factor shares of 
labour, intermediate inputs and capital.

NSIs use as many productivity measures 
as possible given data available. If source 
data includes gross output, value added, 
intermediate inputs and capital stocks, the 
code generates all four metrics.

Disclosure
Th e output of the project analysis in each 
NSI is a set of output fi les containing 
statistics derived from the input fi rm-level 
data and aggregated over industries, size 
classes and other categories. Th e statistics 
include means and totals, standard 
deviations, correlations and regression 
results. Output datasets also include the 
number of fi rms represented by each cell. 
In many cases the number of fi rms is 
measured in hundreds or thousands but in 
some case the number may be quite small. 

Th e process of disclosure control varies 
across project countries, depending on 
legal frameworks and local practice. Some 
countries check outputs and suppress 
certain results before releasing the outputs 
to the project co-ordinator. In practice, the 
number of results suppressed is fairly small.

Once country datasets are approved for 
release, they are combined with the outputs 
from other countries and held securely 
within the project. As some countries 
reserved their rights to test for disclosure 
until the project reporting stage, access to 
the combined datasets is restricted.

Firm and industry level analytical 
methods
Th e project has co-ordinated fi rm-level 
analysis of productivity and core ICT 
metrics, building on previous work and 
exploiting our comparable linked fi rm-level 
datasets. Our interest in comparability 
of fi rm level relationships between ICT-
usage and productivity across diff erent 
countries, even if the relationships are not 
stable across countries or over time. Th e 
rationale for this line of work is pragmatic 

and opportunistic, but built round standard 
equations of the form

tfpz = b0 + b1K + b2ICT + b3LNW + dummies

where:
tfpz total factor productivity for 

fi rm z
K capital stock for fi rm z
ICT indicator of ICT usage for fi rm z
LNW implied fi rm-level wage taken 

from fi rm employment and 
wage bill

dummies industry, size-class, year 
and other dummies such as 
multinational status.

‘Distributed Micro Data’ (DMD) analysis 
is the process of compiling conceptually 
identical indicators at a relatively 
disaggregated industry level across multiple 
countries and time periods. Bartelsman and 
Barnes (2001) provide two arguments for 
this approach:

■ Th e DMD approach provides improved 
timeliness and comparability. It is more 
timely than, say, waiting for Eurostat to 
harmonise statistics at source, and more 
comparable than, say, EU-KLEMS data 
derived from disaggregation of higher 
level national statistics.

■ Th e DMD approach involves 
confronting policy questions with 
data available, and making successive 
choices regarding the analyses done. 
Th is is a subtle but important point. 
Given limits on data that can be 
collected, the DMD approach allows 
an iterative process between policy 
questions and data realities.

Th e iterative process is clearly refl ected in 
this project, fi rst in refi nement of the scope 
of the core analysis and analytical sub-
themes, and secondly in the development of 
the set of data to be collected. For example, 
fast internet usage was not originally 
included, but was added as the project 
evolved. Other variables initially viewed 
as important – such as fi rm profi tability, 
international engagement and ICT 
investment – have either been discarded or 
confi ned to sub-themes. 

Th e DMD approach is attractive for 
international policy analysis. In any single 
country, the impact of a policy event cannot 
be measured precisely because there is, 
by defi nition, only one observation of 
that policy event. Cross country datasets 
can help by providing more observations 
of policy events. In addition, the DMD 
approach allows summary statistics from 

the underlying fi rm-level data to be 
captured within the country / industry 
datasets. For example, the project has 
generated means data for fast internet 
usage and productivity metrics by industry, 
country and year which can be expressed as 
a scatter plot. Behind each observation in 
the plot, the DMD dataset contains a suite 
of variables describing the properties of the 
fi rm-level data, such as the variance of the 
fi rm-level data, and quartile correlations 
between each variable and other variables 
of interest such as wage levels, size of fi rm 
etc. Th is integration of fi rm-level properties 
with the richness of comparable data by 
industry, country and time is a key feature 
of the approach.

Cross country analysis involves both 
simple equations of the form shown below, 
and also two stage estimation systems 
incorporating selection equations for ICT 
use.

vijt = a0 +a1ICT + a2kIT + a3kN + a4hrs + 
dummies

where:
vijt real value added per employee, 

in industry i, country j, year t
ICT indicator of ICT usage for 

industry i, country j, year t from 
E-Commerce survey, 

kIT, kN, hrs IT capital stocks, non-IT capital 
stocks and hours worked (taken 
from EU-KLEMS)

dummies 2 of industry, country and time 
dummies.

Summary of Results

Where they come from
Project results come from three main types 
of analytical work:

■ an encouraging range of fi rm level 
analysis using common metrics and 
common analytical code with similar 
data sources, either carried out by 
local researchers in countries direct 
from local datasets, or using the data 
created for the project, plus centrally 
written code, to run identical regression 
analysis, for all countries except 
Denmark and Slovenia

■ groups of countries collaborating 
on micro data analysis for topics 
where all have similar fi rm level data 
which enable a common analytical 
framework to be used and compared 
(eg Netherlands and UK on ICT 
investment, Sweden, France and Italy 
on off shoring, Nordic countries on 
skills, Sweden, Netherlands and UK on 
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innovation, work from Finland on ICT 
outsourcing)

■ industry / country level analysis of 
ICT impacts, using the large dataset 
produced by the distributed microdata 
(DMD) analysis system, from which we 
have a highly comparable indicators, 
with the ability to draw reliable 
comparisons between industries /
countries and over time.

Analysis of the properties of linked datasets 
in the project, using methodologies 
developed in earlier studies, shows that 
sample re-weighting, using metadata 
and methods included in the project, is 
capable of dealing with most issues of data 
‘representativeness’. However this breaks 
down where overlap between datasets is 
poor, and we have not advocated modelling 
in such cases. Linking datasets in many 
countries, with sampling designs currently 
in use, leaves the overlap between ICT 
surveys and fi rm performance surveys 
biased towards larger fi rms. Th is aff ects 
both fi rm level and the DMD analyses. For 
impact conclusions to refl ect small fi rms, 
sampling strategies need to change. 

Firm level – all country results
All 13 countries in the study have produced 
regression and / or correlation results from 
fi rm level data, either individually or using 
the DMD methodology developed in the 
project – and in most cases both.

Th e core ICT use metrics (computer use, 
e-sales, e-purchases, fast internet enabled or 
internet using employees) show reasonably 
consistent, positive, labour productivity 
eff ects at fi rm level across manufacturing 
in all countries, beyond the six covered 
by earlier studies. Th is suggests that 
productivity impacts related to use of ICT 
in manufacturing are now well established 
and transferable across countries.

Th e same core ICT use metrics have 
much more varied relationships with labour 
productivity across services at fi rm level 
in diff erent countries; for the UK, France, 
Nordic countries and Netherlands, positive 
correlations seen in prior studies are 
confi rmed. In other countries productivity 
eff ects are insignifi cant or even, in one or 
two cases, negative. Given the importance 
of services in all the EU economies this is 
an important diff erence.

Some correlation is apparent between the 
countries (Nordic states, Netherlands, UK, 
France) where ICT use by fi rms is relatively 
more intensive and communications 
infrastructure is strong and the strength 
of the statistical relationship between ICT 
use and fi rm level productivity in services. 

Th ese diff erences in impact for services 
could be explained by a number of factors, 
including:

■ diff erences in competitive conditions in 
national services markets,

■ productivity gains requiring ‘critical 
mass’ in networks and ICT use, and

■ measurement diffi  culties in services 
which are better tackled in some 
countries than others.

Th e common analysis shows limited 
evidence for productivity impact of 
e-commerce as a variable on its own, 
and clear positive relationships between 
productivity and wages (used later in 
the analysis programme as an imperfect 
indicator of skills).

Firm level – lead country results

ICT capital and ICT use
For Netherlands and UK, data are available 
on fi rm level IT capital - hardware and 
soft ware for the UK, hardware only for 
Netherlands. Th is makes it possible to test 
the impact of ICT use over and above IT 
capital services in productivity models. Th e 
results show impacts diff erentiated by fi rm 
type:

■ in manufacturing, intensity of 
e-procurement shows the strongest link 
to productivity

■ in distribution services the largest 
impact on productivity is related to 
the intensity of use of e-commerce for 
selling

■ in other, mainly business and fi nancial, 
service industries the strongest 
relationship with productivity comes 
via the proportion of workers with 
access to high speed internet

■ across all three industry types, IT 
capital (including soft ware) is positively 
related to productivity levels in the 
UK, and with a much larger impact in 
diff erentiated services

■ for all three types in Netherlands 
analysis IT capital (excluding soft ware) 
is insignifi cant.

Th ese diff erences suggest limits to an 
analytical approach which treats ICT as 
a ‘general purpose technology’. Impacts 
in diff erent industries suggest diff erent 
processes at work, through diff erent 
eff ects of information technology (IT) and 
communications technology (CT). 

ICT and skills
Th ree countries, Finland, Sweden and 

Norway, have ‘real skills’ data available at 
fi rm level, derived by linking employer 
and employee records. In all three there 
are strong, signifi cant and simultaneous 
correlations between labour productivity 
and the proportion of employees with ICT 
skills, as well as those with other higher 
education levels. For both types of skill 
measures the size of productivity impact 
make a strong case for wider collection of 
this type of data across other countries. 

In Finland and Sweden similarly 
strong relationships exist between Total 
Factor Productivity (TFP) and employee 
skills (both IT and non-IT), and these 
relationships are signifi cant alongside the 
‘fast internet enabled employees’ measure 
mentioned above. For the Norwegian 
analysis fast internet enabled employees 
appear insignifi cant in regression analysis 
together with non-ICT skills, but, 
paradoxically, ICT skills remain highly 
signifi cant. General skills appear to have 
greater impact in TFP analysis, but ICT 
skills show up as more signifi cant in labour 
productivity analysis.

In all three countries it is possible to 
test complementarity of skills and ICT 
intensity by adding an interaction term 
(percentage skilled employees x percentage 
fast internet enabled employees) and only 
in Sweden does this show up as a signifi cant 
contributor. 

In all three countries wages have a 
stronger correlation with productivity 
than do real measures of skills (partly an 
arithmetic eff ect as employee compensation 
is part of value added). Th e analysis shows 
that wages have limitations as a direct 
proxy for skills in productivity analysis, 
without risk of understating other impacts. 
However, in analyses where skills data are 
not available, a proxy based on wages may 
be useful as a check against overstating ICT 
impacts due to correlation between ICT use 
and skills.

ICT and business processes / 
organisation
Analysis led by UK, Netherlands and 
Sweden has used measures of ICT business 
process integration to test methods of 
combining existing metrics in the Eurostat 
model ICT use survey in ways which relate 
eff ectively to productivity impact.

Swedish analysis, based on a 
hierarchical specification of business 
process sophistication, starting with 
any form of external link working up to 
use of e-commerce, internet selling and 
links with suppliers / customers, and also 
looking at specific types of links, shows 
that 
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■ the range of indicators linked to 
productivity has grown through to 
2004, and 

■ evidence in support of positive 
productivity impacts is strengthening. 

However the form of correlation, and 
electronic links associated with higher 
productivity, change from year to year.

UK results suggest that the productivity 
eff ects of linkages depend on the business 
type, with manufacturing fi rms showing 
stronger correlation coeffi  cients between 
TFP and the incidence of electronic links 
to suppliers (associated with supply chain 
management) and service fi rms showing 
stronger productivity eff ects associated with 
links to customers.

Regression analysis using fi rm-level 
data from UK, Netherlands, Sweden, 
France, Czech Republic, and Austria 
suggests that productivity relationships 
are ‘better behaved’ for manufacturing, 
while elsewhere there are signs of positive 
relationships, but that a hierarchical model 
is not the best approach. Regressions also 
show that external e-business links have 
more explanatory power than process 
links within fi rms – suggesting that 
market dynamics are more important that 
effi  ciency gains via process coordination. 
Th e new ICT use survey (2007/8) provides 
new data to explore this.

Data for Finland, which alone among EU 
countries measures organisational issues, IT 
mobility and IT services outsourcing, shows 
signifi cant productivity gains associated with:

■ mobile access to ICT by workers 
(suggesting additional gains from 
fl exible work patterns)

■ use of outsourced IT services 
(suggesting additional gains from 
specialisation).

ICT and innovation
Despite limits to survey overlap, some 
progress has been made by Sweden, 
Netherlands and the UK on the role of ICT 
in innovation, and the mechanism through 
which much of the productivity gain 
associated with ICT may be achieved.

UK analysis linking ICT use surveys to 
questions in the Community Innovation 
Survey on sources of innovation shows 
a strong link between use of high speed 
internet connections by employees within 
fi rms (in the ICT use survey) and the ability 
to innovate using ideas from outside the 
fi rm, and outside the customer / supplier 
chain. Th is suggests a link between fast 
internet network use and ability of fi rms 
to acquire and manage knowledge in the 

innovation process, to develop higher sales 
of new goods or services, or more use of 
new processes. 

Evidence from Sweden and Netherlands 
shows that ICT use – refl ected in the 
proportion of fast internet linked employees 
and levels of e-commerce – is related to 
the intensity of fi rms’ new products and 
services sales. Th is may refl ect network 
eff ects in knowledge management, in the 
eff ectiveness with which fi rms are able to 
convert knowledge into new products and 
services, and in the speed with which they 
are able to commercialise them. Th e impact 
of e-commerce in Netherlands analysis 
may show that benefi ts of e-commerce 
for innovation (which prior research has 
missed) is now visible.

Analysis across all participating countries 
using DMD shows that in industries which 
have relatively high levels of ICT use on 
the core metrics, there also tend to be 
higher absolute amounts of market share 
change (or ‘churn’). Th is is consistent with 
the view that ICT intensive industries in 
Europe show the tendency seen in the US 
by Brynjolfsson et al, for successful fi rms 
to be better able, and quicker, to replicate 
market share winning innovations across 
production and distribution networks.

From Sweden and Netherlands there is 
initial evidence, despite the limits of overlap 
between production, ICT and innovation 
surveys, that productivity eff ects of ICT use 
are associated more strongly through the 
‘indirect innovation’ eff ect (percent new 
products / services) than through ICT use 
measures directly. Th e Swedish analysis tests 
the relative strength of direct and indirect 
productivity eff ects and concludes that the 
ICT => innovation => productivity channel 
is signifi cantly stronger than the direct ICT 
=> productivity channel for the individual 
fi rm. Th e Swedish evidence is concentrated 
on larger fi rms due to sampling eff ects.

Evidence from Netherlands suggests 
that ICT use can substitute in productivity 
equations for the CIS process innovation 
indicator, indicating that ICT use may be 
a good proxy for process innovation. Th is 
provides statistical evidence for a position 
argued by researchers, that in service 
industries particularly ICT introduction is 
oft en the embodiment of process change.

As noted above, this analysis has 
stretched the statistical limits of overlap 
datasets – showing that the intersection 
sets of two surveys are oft en good enough 
for fi rm level analysis, but it is much more 
diffi  cult to achieve signifi cant analysis from 
matching three or more surveys. Th is has 
so far limited the ability of other NSIs to 
contribute to the ICT / innovation analysis. 

Industry/country level results
Analysis across all 13 countries using 
National Accounts based treatment of 
productivity (developed by EU KLEMS) 
shows worthwhile improvement in 
explanatory power, when including ICT use 
indicators, constructed using our metadata 
to ensure comparability rather than ‘offi  cial’ 
ICT investment data. ICT metrics delivered 
by our project are more comparable both in 
source and in compilation.

High speed internet use by workers 
shows up in cross country regression 
analysis as a more powerful indicator 
related to productivity than e-commerce 
measures, and as the most eff ective ICT 
explanatory input for the period 2000/1 – 
2004/5 over which most of our international 
data are available. Th is relationship (see 
Figure 2 where each dot represents an 
industry. country, year observation on 
productivity and ICT-usage) is stronger 
at industry level than at fi rm level, due to 
reallocation eff ects within industries as 
successful fi rms grow. However industry 
analysis by country suggests that the impact 
of high speed internet use by employees is 
not uniform. It is positively correlated to 
productivity in those countries where ICT 
adoption is highest, but negatively related 
to labour productivity in Germany, Austria 
and Italy for 2001-2004. Th is is consistent 
with the national results obtained with fi rm 
level analysis, and suggests that returns 
depend on ‘critical mass’ network eff ects.

A more advanced approach to analysis is 
set out below, in a regression which looks 
simultaneously at adoption of ICT and 
its impact. In the two equations below, a) 
models the industry / country output eff ects 
associated with ICT use and other inputs, 
b) models the adoption of ICT use as a 
function of average skills (refl ected by wage 
levels), the proportion of capital accounted 
for by ICT, the proportion of high skilled 
workers, and the ‘churn’ in fi rm output 
within each industry, represented by the 
diff erence between the upper and lower 
quartile fi rm growth rates.

a: vijt = a0 +a1DSL% + a2kIT + a3kN + a4hrs + 
    dummies

b: DSL%ijt = b0 + b1w–1 + b2Cap%IT
–1 + 

    b3HiSkl–1 + b4Churn + dummies

where 
v (log) real value added
kIT ICT capital service
kN Non-IT capital service
hrs input hours
c,i,t country, industry, time 

dummies 
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Figure 2
Productivity and broadband enabled employees by industry/country/year

Labour productivity (€ per hour)

 Source: Offi ce for National Statistics
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Th is analysis takes account not only of the 
‘within fi rm’ productivity eff ects on which 
fi rm level analysis focuses, but also of the 
competitive dynamics and reallocation 
of resources which takes place within 
industries due to diff erential growth, 
and to entry and exit. Th e analysis is able 
to combine indicators built using the 
metadata approach with measures available 
at industry level from National Accounts 
and labour market statistics including 
productivity, growth, and – for most 
countries – ICT capital.

Th e ICT indicators (except kIT) are 
statistically signifi cant in all specifi cations.

Results of ICT use adoption models 
using this dataset are consistent between 
countries / industries, and the adoption 
rate is usually strongly associated with 
worker skills (measured by wages). 
Our fi rm level productivity regression 
equations are robust to inclusion of wages 
as a proxy for skills.

Other, more advanced, analysis 
combining this work with OECD country 
measures of labour market fl exibility 
suggests that more intensive ICT using 
industries make the fastest progress 
in catching up to the best practice 
‘productivity frontier’ in economies where 
there is more labour fl exibility.

Fit with other new work
Th e analysis in this project, and detailed 
in our full report shows that coordinated 
microdata analysis across countries makes 

a valuable addition to our understanding of 
ICT adoption and its impact on economic 
performance. We have seen that:

■ ICT use is related at fi rm level to 
performance in diff erent ways in 
diff erent industry types.

■ In manufacturing the productivity 
eff ects seem well established; services 
show more vasriation.

■ ICT use metrics are, in many cases, 
more powerful explanators of 
performance than investment.

■ ICT returns are related to ‘critical mass‘ 
network eff ects, and these evolve over 
time.

■ ICT use aff ects, or is aff fected by, 
competitive dynamics at fi rm / industry 
level.

Th is last conclusion is entirely supportive of 
recent work in the US by Eric Brynjolff son 
which shows, in a range of cases studies, 
how ICT and network use enables 
experimentation and process innovation in 
network intensive fi rms. Th is work shows 
how successful experimenters, especially 
in services, use network and ICT based 

‘enterprise architecture‘ to scale up their 
successes and achieve market advantage.

Th e churn eff ects, seen in the equations 
above, suggest that identical dynamic 
processes are under way in the EU 
data. Both are also consistent with the 
relationships seen earlier in the fi rm 
level results on ICT enabled processes, 
which show that customer links in 
services (through which Brynjolsson‘s 
experimentation oft en occurs) are most 
strongly associated with improved 
performance.

Further work at Statistics Netherlands 
(van Leeuween et al 2009) shows that ICT 
is one of a set of inputs which stimulates 
product, process and organisational 
innovation. Th ese modes of innovation, 
in diff erent combinations in diff erent 
industries, are associated with productivity 
gains

Th e implication is that ICT and networks 
are bringing important changes in business 
models and in industry dynamics. Th e 
analytical approach we have developed 
in this project delivers a valuable way of 
understanding these changes, and is worth 
pursuing further.

Table 1
Regression results for the ICT adoption and impact models

 Source: Offi ce for National Statistics

Coeffi cient Variable        DSL%        Internet%

a1 ICT–indicator: 1.24 .90 1.20 1.05
a2 kN .35 .27 .34 .27
a3 kIT –.07 .05 –.08 .05
a4 hrs .72 .68 .72 .68
b1 w(–1) .24 .02 .30 .01
b2 Cap%IT .31 .20 .32 .17
b3 HiSkl .18 .38 .19 .33
b4 Churn .30 .15 .28 .14

dummies c,t i,t c,t i,t
D.F. 659 646 649 646
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Where next?
ONS and project partners are in 

discussion with Eurostat over scope and 
funding for the next stage of the project. 
For this, we envisage a broadening and 
deepening of the work in the fi rst phase. 

Broadening
Key priorities for the next stage are:

■ to extend the number of countries 
taking part. So far Eurostat have 
interest from Austria, Bulgaria, Czech 
Republic, Germany, Denmark, Finland, 
Ireland, Italy, Luxembourg, Malta, 
Netherlands, Norway, Poland, Sweden, 
and UK. It would be helpful to add 
further member states to this group to 
secure comprehensive coverage

■ to extend the length of panel data used 
in the fi rst study and explore diff erent 
analytical approaches to building panels 
of linked data to maximise information 
on fi rm dynamics

■ to make full use of the 2007 
e-Commerce survey which has 
common data across all countries on 
business process links, building on the 
indicative conclusions from the fi rst 
project

■ to extend the range of variables to 
include other measures of, and inputs 
to, innovation, following what we 
know from the fi rst study and from 
the van Leeuwen / Polder work. Th is 
will require us to extend the DMD 
method to innovation surveys, skills 
measures, and perhaps to measures 
of organisation change, location, 
profi tability etc.

One important development since the 
submission of our fi rst project report and 
recommendations is that EU statistical 
regulations have been amended to make 
it easier to share non-disclosive data 
(on which the project method depends) 
between statistical offi  ces and researchers. 
Th is should extend the range of data sources 
which can be used, and the number of 
countries able to take part.

Deepening
Key priorities on this dimension for the 
next stage are:

■ to develop the fi rm-level analysis, using 
longer panels, to include testing and 
controlling for endogeneity

■ to search for better evidence - across 

more countries - of the diff erences in 
ICT impacts in diff erent business types 
and models. Th e motivation for this is 
the hypothesis that ICT and networks 
transform business models in diff erent 
ways, depending e.g. on the form of the 
value chain. It will help to have better 
analysis of this to construct measures of 
‘ICT impact’

■ to examine what features of ICT make a 
diff erence in the economic downturn

■ to investigate complementarities 
between ICT and intangible 
investments, especially in training and 
skills, R&D, organisational capital and 
other inputs to innovation.

We welcome input from all NSI’s and 
potential partners in taking the next 
steps forward, in what we hope will be a 
signifi cant step for the statistical system, 
and the integration of data describing 
technology and behaviour with economic 
statistics.
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Table A
Data available for the project by theme and country 

 Source: Offi ce for National Statistics

AUT CZE DNK FIN FRA GBR GER IRE ITA NLD NOR SLO SWE TOT

Firm characteristics
Employment on BR • • • • • • • • • • • • • 13
Sample Weight on PS • • • • • • • 7
Sample Reweighting • • • • • • • • • 9
Multinational fl ag on PS • • • • • 5
Ownership fl ag on PS • • • • • • • • 8
High growth fi rms • • • • • • • • • • • 11
Gazelles (age on PS) • • • • • 5
Gross output on PS • • • • • • • • • • • • 12
Value added on PS • • • • • • • • • • • • • 13
Nominal materials on PS • • • • • • • • • • 10
Payroll (wage) on PS • • • • • • • • • • • • 12
Capital Stock on PS • • • • • • • • • • • 11

Productivity Variables
Productivity LPQ available • • • • • • • • • • • 11
Productivity LPV available • • • • • • • • • • • • 12
Productivity MFP available • • • • • • • • • 9
Productivity TFP available • • • • • • • • • • • 11

ICT Key Variables
PC • • • • • • • • • • • • • 13
Web • • • • • • • • • • • • • 13
Epurch • • • • • • • • • • • • • 13
Esales • • • • • • • • • • • • • 13
Inter • • • • • • • • • • • • • 13
DSL • • • • • • • • • • • • • 13
PCpct • • • • • • • • • • • • • 13
Epurchpct • • • • • • • • • • • • • 13
Esalespct • • • • • • • • • • • • • 13
Interpct • • • • • • • • • • • • • 13
Intrapct • • • • • • • • • • • • • 13
DSLpct • • • • • • • • • • • • • 13

ICT Other Variables
Mobility • 1
IT Outsourcing • 1
IT Business Integration Links • • • • • • 6

Other fi rm-level data
ICT investment • • 2
Trade fl ows • • • 3
Human capital / Skills • • • 3
Innovation • • • 3

ANNEX


	ICT impact assessment bylinking data
	Introduction and Background
	ICT indicator development for policy
	ICT macro impact analysis
	Firm level impact analysis
	Understanding ‘complementary investment’
	Approach to analysis

	Methods and Data Sources
	Overview
	Selecting and assembling data
	Code development and operation
	Disclosure
	Firm and industry level analytical methods

	Summary of Results
	Where they come from
	Firm level – all country results
	Firm level – lead country results ICT capital and ICT use
	ICT and skills
	ICT and business processes / organisation
	ICT and innovation
	Industry/country level results
	Fit with other new work

	Where next?
	Broadening
	Deepening

	CONTACT
	REFERENCES
	ANNEX



