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PROLOGUE

Information and communication technologies play an important role in the economic and
social development of Catalan business and are causing an unprecedented revolution in the
production, sales, organizational and labour structures of our business community. 

Through the development of this kind of technology, production structures and society
are in a process of change that is moving toward a knowledge-based model. We are in a
context of globalization where economic and social relations take place at the global level,
and information flows and management have become key elements. 

In this context, businesspeople should see technology as an investment, because ICTs
make it possible to introduce revolutionary innovations in the production processes of goods
and services. It is time to overcome any hesitation that may still exist and fully embrace new
ICTs for use in product manufacture and marketing. They should also be used in corporate
management, organization and communications. It is clear that ICTs can be a major source
of process innovation for companies, which are guaranteed considerable improvements in
productivity, competitiveness and work quality. 

In short, Catalan companies should take advantage of ICTs to become more competitive
and efficient. Their work will improve in quality and they will enjoy a privileged position,
together with the public administration and society, with regard to the changes taking place
in the information society. 

Josep Maria Rañé 

Catalan Minister of Labour and Industry

Prologue 9
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PRELIMINARY

ICTS AND TRANSFORMATIONS IN CATALAN COMPANIES

Description of the research:

The research project Information and communication technologies and transformations in

Catalan companies has the primary objective of analysing the transformations of the strate-
gy and the organisation of the companies linked to the use of information and communica-
tion technologies (ICT). The principal hypothesis to be proved is the following: knowledge
economy transforms the business activity, performed by means of computer and telecom-
munications networks (electronic business or e-business). It defines a new organisational
and strategic model based on the network decentralisation of the business lines (the network
firm). The empirical contrast has been carried out through a survey of a representative sam-
ple of 2038 Catalan firms, stratified in accordance with its activity sector and the company
size.

Research director:

Dr. Jordi Vilaseca i Requena, professor at the UOC and researcher at the IN3

Research co-ordinator:

Dr. Joan Torrent i Sellens, professor at the UOC and researcher at the IN3

Research team:
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Ángel Díaz Chao, researcher at the IN3
Pilar Ficapal i Cusí, professor at the UOC and researcher at the IN3
Dra. Ana Isabel Jiménez Zarco, professor at the UOC and researcher at the IN3
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Institut DEP: The Institut d’Estudis i Professions (Institute of Studies and Professions) collab-
orated in this research by offering the technical support requested by ONE (NEO, New
Economy Observatory) researchers. Specifically, the Institut DEP worked close to the ONE
research team, designing and testing the questionnaire as well as helping to generate the
sample. The questionnaire survey, codification, purification and checking of questionnaires
as well as the initial statistical processing were carried out by the Institut DEP, always
respecting the guidelines set by the research team.
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With the support of:
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Research was begun in March, 2002. The survey was carried out in the period January-May,
2003.

Barcelona, 30th July 2003

Jordi Vilaseca / Joan Torrent
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INTRODUCTION

RESEARCH METHODOLOGY

This document summarises the research report entitled ICTs and transformations in Catalan

companies.1 This research analyses the relationship between strategy, organisation and
business practices and the uses of the information and communication technologies (ICT) in
the Catalan firms from the data of a survey carried out during the winter and the spring of
2003. However, it is clear that this relationship is framed within a wider context: the emer-
gence of the knowledge economy and society. Currently, the economic and business activi-
ties are characterised by deep changes that modify the grounds and the behaviour of all
economic agents. In general terms, this transformation process is based on a technological
revolution —the digitalisation process—, it is built upon a dynamics of spatial and temporal
market expansion —the globalisation—, and it feeds back according to the changes of the
patterns of demand of families and companies. This process has a clear through-line: the
intangible value of the economic activity that, in other words, is the progressive consolida-
tion of a new knowledge-based economy. Indeed, the emergence of digital technologies
deeply transforms both the society and the economy. These technologies, grouped under
the common label of information and communication technologies (ICT), that comprise the
converging areas of microelectronics, computing, telecommunications and optical electron-
ics, as well as recent genetic engineering advances, are applied wholesale to the economic
sphere and employed in a wide range of social uses.

Nevertheless, if ICT are not the only causal factor in the global knowledge economy, they
are certainly now consolidated as one of the necessary instruments to develop the network
and increase the knowledge in the economic sphere. There is no doubt that the complex
interaction between the emergence of digital technologies and their production is deeply
transforming the economic activity. We could interpret these manifestations from at least two
perspectives. Firstly, they are used by a wide number of production branches. Several years
have passed since computers, faxes, digital phone lines, electronic remote controls, com-
munication networks and a great deal of other digital applications were first used as produc-
tion resources in the economic activity. However, the recent arising and productive applica-
tion of new technological developments, such as the mobile phone, the Internet and the
e-mail, have generated a significant, incremental and circular flow within the same compo-

INTRODUCTION Research methodology 13

1. See http://www.uoc.edu/in3/pic/

ICT and transformations NOU.qxd  22/07/2004  9:41  Página 13



nents of the digitalisation process and its production uses: more powerful computers inter-
connected in network and with Internet access, cell phones connected to the web, an infinite
number of chips applied to consumer goods, production processes and both online supplier
and customer relationships and new information management services are just some of the
most obvious examples.

Secondly, this transformation has not only focused on the scope of production. Many
devices and technologies mentioned above have become mass consumer goods, with a
demand that clearly encourages production and an economic mundialisation process that is
transforming the traditional concept of the market, regarded as the physical space where
both supply and demand are set. Today, many economic and, especially, financial transac-
tions are either performed in a physical space or with the supply and demand coinciding on
time: the market is the web. To sum up, on the material basis of a wide range and scale tech-
nological revolution, the processing information and communication technologies have
begun to affect anyhow all aspects of the human activity. Therefore, it seems that ICT have
become more relevant as well as a key component of this economic transformation process,
with the arising of a new production sector that extends its synergetic effects not only to the
rest of the activity branches, but also to all other economic activities. In fact, this social back-
ground of knowledge has impregnated the economic activity to such a point that, currently,
we can quote a growing number of interdisciplinary studies that sustain the following
hypothesis: ICT are the technical paradigm on which the current dynamics of the industrial
revolution is based.2 This interactive and interrelated process of economic exchange and
social transformation leads us towards a new type of economy and society: the knowledge
economy and the knowledge society.

Therefore, in the economic sphere a wide range of processing and product innovations
of digital nature have generated the emergence of new manufacturing activities, grouped
under the label of the information industry. That is, all the production branches springing
from an initial economic application of the digital technologies, or rather, the ICT sector and
the digital content sector. Currently, the information industry is surpassing its own techno-
logical development and the set of products and services resulting from the production and
the information and communication processing are used as a production factor for other
economic branches. Thus, the confluence and interrelationships between the digitalisation
process and its production uses generate a virtuous circle stretching from the demand for
new goods and services to their production, from production to innovation and from innova-
tion to demand once again. This interactive flow between supply and demand, by innovative
mechanisms, is revealed through important improvements of productivity and competitive-
ness of the economies, sectors or business.3 In conclusion, we can state that the knowl-

Jordi Vilaseca / Joan Torrent
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2. See among other sources Kranzberg (1985), Mokyr (1990), David (1990; 2000), Freeman and Pérez (1988), Castells
(2000; 2001), Crafts (2000), De Long (2001), Norton (2001), Atkeson and Kehoe (2001), IMF (2001), Instituto de Estu-
dios Económicos (2001), Vilaseca (2001; 2002), Vilaseca and Torrent (2001a; 2001b), Pérez (2002), Rodríguez (2002),
Torrent (2002a; 2002b), Stehr (2002), Banegas (2003) and Bai and Yuen (2003).
3. Greenspan (1999).
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edge economy is global, digital and it faces a growing demand for merchandises of an
intangible nature.

In the social sphere the consolidation of the economy based on knowledge is generating
significant changes in all sectors and in all social relationships. Changes in the labour mar-
ket, the ideological and the cultural effects, the institutional and the political transformations
and, definitively, the new ways through which the individual relates to the environment define
some of the effects of the economic intensity of knowledge use on its sociological and insti-
tutional bases.

However, this incipient third industrial revolution is characterised by a new technical fea-
ture: the application of new knowledge and information on knowledge-generating and infor-
mation and communication-processing devices.4 Currently, more than ever, the economic
application of knowledge is used to generate knowledge itself. In the digitalisation process
we have available, as usual, technologies based on the economic application of knowledge
to produce goods in a reproducible way. However, the novelty is that the impact of this
knowledge is not limited to technology, since the ICT also influence the generation of knowl-
edge through the widening and extension of the human mind. In other words, we are facing
a social stock of wisdom that uses knowledge as an input and contributes directly to the
knowledge generation as an output.

Therefore, by using a wide vision of technological processes, seen as the command of
man over nature,5 the ICT do not only affect the reproduction capacity and the environmen-
tal control, but also act directly on the control of man over himself, or more specifically, over
the generation of his own knowledge. What is the most significant conclusion that can be
drawn from this intrinsic feature of digital technologies? It seems obvious that if our objective
is to analyse the economic and social aspects of this technological revolution, we must
focus our analysis on knowledge. If we define knowledge from its epistemological definition
—the human and the dynamic process of adequate justification of a belief—6 we can con-
ceptualize the economic reality of its production, distribution, exchange and consumption,
as the act of knowing is an exclusively human act and, as such, it can be referred economi-
cally. Thus, appealing to its reproductive nature,7 we can distinguish between two knowl-
edge typologies which can be applied to the economic activity: explicit or observable knowl-
edge and implicit or tacit knowledge.8 Explicit or observable knowledge can be explained
through a formal and a systematic language, so that it is possible to be easily processed and
stored. Implicit or tacit knowledge is basically associated to the labour factor based on tech-

ICTs and transformations in Catalan companies
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4. Castells (2000).
5. McClellan and Dorn (1999).
6. Terricabres (1998).
7. See, among other sources, the seminal work by Polanyi (1978), economically applied by Nonaka (1991) and David
(1993), among others.
8. This characterisation is clearly compatible with Lundvall and Johnson’s ideas (1994) and Foray and Lundvall’s
(1996), two perspectives revealing four knowledge typologies that separate knowledge as an economic resource: the
know-what, know-why, know-how and know-who. While the first two are easily reproducible, the second two present
difficulties when trying to convert them into information.
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nical or cognitive elements, such as the practical experience, the skills or the qualifications
difficult to describe and, therefore, to make explicit.

Jordi Vilaseca / Joan Torrent
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Figure 1. A diagram of the knowledge society and the knowledge economy

Telecommunications

Effects on suply Effects on
demand

Computer studies and equipment

ICT Content

Information industry

Knowledge economy

Social effects Political effects

Knowledge society

Ideological/culturals effects Institutional effects

9. As the works of Hatchuel and Weil (1995), Foray and Lundvall (1996) and Antonelli, Geuna and Steinmueller (2000)
suggest.

Source: Vilaseca and Torrent (2001a).

How has the digitalisation process affected knowledge production, distribution, con-
sumption and exchange? The answer comes through two main channels.9 Firstly, the out-
standing improvement in the access and the management of the information flow leads us
to a significant lowering of the input barriers to knowledge dissemination, which can be
translated as a significant increase of the stock of observable knowledge. Secondly, the
improvement in the access and dissemination of the elements affecting tacit knowledge,
which in some cases has permitted to transform tacit knowledge into observable knowl-
edge, while on other occasions it has transformed the information and experience skills of
the workforce.

On the other hand, the daily economic activity provides us with a number of examples of
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knowledge-based merchandise transactions (goods and services),10 showing that knowl-
edge is no longer just a production resource. Above all, knowledge-based merchandise has
particular economic features11 with qualities of a public and experience good, significant
externalities and rising performance. Furthermore, as the generated knowledge presents
more difficulties in terms of digitalisation, the marginal utility of access to this knowledge and
its output barriers tend to decrease.12

Therefore, the progressive knowledge used as a resource and as a merchandise of
growing economic importance lets us have a vision of the knowledge economy, defined as
a branch of the economic analysis that studies the behaviour and the economic facts
derived from the productive knowledge application. This approach of knowledge is not only
limited to a vision of scientific or technological knowledge, but also comprises the technical
knowledge and the skills of the economic agents, whether easily transmissible or not.13 In
fact, during the nineties, the knowledge linked to the digital technologies changed the
behaviour of certain economic agents, generating new activities and transforming some of
the existing ones. Precisely, the knowledge economy must be understood in this wider
sense. Actually, its basic resource has become one of the explanations of the progresses in
the productivity and the competition, and, consequently, of the economic growth and
development.14

In synthesis, if in the global knowledge economy and society productivity and competi-
tion increases are based, among other things, on learning (and unlearning) capacities, on
innovation, on flexibility and on the entrepreneurial initiatives of the economic agents, there
is no doubt that the firm is one of the economic agents most involved in this transformation-
al process. In fact, everything seems to indicate that the use of information and communica-
tion technologies in business has been consolidated as one of the basic instruments for
strategic and organisational changes. Today, these changes are needed when adapting to
the changing needs of a global demand. In other words, the knowledge economy is trans-
ferred to the business activity on the basis of a double dynamics: the centralisation of the
capital and the decentralisation of the productive activity, of which the consolidation of the
network firm and the digital business are two clear exponents, specifically the two study
objects of this research.

As stated above, the main research objective presented here is the analysis of the busi-
ness activity in Catalonia as a result of the emergence of the information and communication

ICTs and transformations in Catalan companies
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10. From any goods or services that can be digitalised (books, databases, magazines, films, music, stock indexes,
websites or football results) to the exchange of capacities between economic agents.
11. Shapiro and Varian (1999).
12. Torrent (2002b).
13. Vilaseca (2001).
14. Oliner and Sichel (2000), Jorgenson and Stiroh (2001), Nordhaus (2001), the Department of Commerce, USA
(2002), Gordon (2003) and Feldstein (2003) for the USA and Schreyer (2000), Colecchia and Schreyer (2001), Van Ark,
Inklaar and McGuckin (2002) and OECD (2003a) for other economies reach a similar conclusion: ICT, and therefore,
economic knowledge manifestation, explain a majority of the changes in the sources for economic growth that many
western economies experienced during the nineties.
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technologies in the productive scope. These transformations give as a result important
changes in the two basic business activity inputs (capital and labour), as well as in the busi-
ness practices and into the determining element of the long term growth —the innovation—.
However, these transformations should be empirically contrasted on the basis of a general
hypothesis. As it can be observed in figure 2, all convergent ICT, the economic mundialisa-
tion process and the changes in the demand patterns of the economic agents have led to a
widespread transformation of the economic activity, grouped under the concept of the new

economy (knowledge economy). From the economic analysis, the economic activity can be
looked at both from the economic cycle (macro-economy) perspective and from the market
point of view, or it can be seen as the interaction between economic agents (micro-econo-
my). This study specifically focuses on the firm as an economic agent.

Despite the efforts made by several public and private institutions, the secondary infor-
mation available is not entirely adequate to describe the important changes that ICT are gen-
erating throughout the economic and business activity sectors. Even though we now have
relevant information regarding the ICT penetration into companies and some of their most
direct uses,15 we still do not have reliable and representative statistics on how the ICT trans-

Figure 2. The new economy and the research project ICT and Transformations in Catalan

Businesses

Consumers

Public

MARKET
(Micro-economy)

CYCLE
(Macro-economy)

ICT

Demand

NEW

ECONOMY Growth Productivity paradox

Inflation Quality and hedonic prices

Unemployment NAIRU

Globalisation

Source: own creation.

E-business
Activity carried out via information networks 
that are organized on line

Company
A strategic, organisational model based on 
network decentralisation of business lines.

PIC

enterprises

15. See IDESCAT (2003a; 2003b) and DURSI (2003) for Catalonia and the European Commission (2002) and e-Busi-
ness W@tch (2003), for all European Union countries.
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form all the business activity, defined as the set of elements affecting the strategy, organisa-
tion and practices of a business.16 In this sense, the research project ICTs and

Transformations in Catalan Companies (PIC) has a general objective: to obtain, structure,
analyse and interpret sufficient reliable information in order to know and understand the
impact of the ICT uses in Catalan firms and to observe the changes in companies that do use
ICT. With this aim, the fundamental hypothesis to contrast is that the new economy trans-
forms the business activity carried out through information and telecommunication net-
works, or e-business, and defines a strategic and organisational model based on the net-
work decentralisation of the business lines, or network firms.

At this point, it should be noted that the aim of this research is analytical. However, we
do not want to underline the descriptive value of the information obtained; among other rea-
sons, because it is relevant to deepen on a phenomenon, which, although new, is highly rel-
evant. Therefore, we aim to make an analytical contribution by contrasting hypothesis
responding to transformations in strategy, organisation and business practices, as a result of
ICT uses concerning the Catalan firms. Likewise, the scene described in this research is only
a part of a much greater project, the Project Internet Catalonia (PIC), which analyses the
transformations in the society, in the schools, in the universities, in the autonomous and local
administrations and in some hospitals. See the research reports of the other investigations of
the project in order to better understand the context of the social transformations and
Catalan institutions.17

Between January and May 2003 we carried out a survey by questionnaire, consisting of
a face-to-face interview of one-hour duration, on a representative sample of 2,038 Catalan
firms. In this sample, approximately one third of the companies show a medium or an
advanced ICT use level, while the remaining two thirds reflect a low use percentage.
Therefore, most of the companies interviewed do not use ICT intensively, even when they
have access to an acceptable equipment level. However, apart from ICT business uses, we
also studied certain general features of the Catalan firms, such as the transformations of
their main value elements and the impact of the digital technologies on the four main condi-
tioners of any business activity: capital, labour, innovation and organisational and production
practices. The questionnaire, quite complex, includes 128 questions, as well as additional
observations. The interviews, held with entrepreneurs or company directors who have a
global vision of the whole activity, were generally well received and the collaboration of the
interviewed was high. Furthermore, the survey was presented as a research of the
Universitat Oberta de Catalunya (Open University of Catalonia) with no commercial aim,

ICTs and transformations in Catalan companies
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16. This research team published a working document a few months ago that exhaustively analysed the empirical
evidence relating to ICT uses and modifications in business activity. In this study 106 indicators to follow these trans-
formations were proposed and we reached the conclusion that it was essential to build primary information statistics
on e-business and the network firm. See Vilaseca, Torrent and Díaz (2002b).
17. See Castells, Tubella, Sancho, Díaz de Isla and Wellman (2002), as well as the other web research reports:
http://www.uoc.edu/in3/pic/cat/index.html.
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under the guarantee of compliance with the statistical secret, of a complete independent
analysis and the free publication of the results. Here, we would like to extend our gratitude
for the helpful collaboration of all the entrepreneurs and company directors interviewed, as
well as of all the researchers, professors and professionals who have helped us throughout
this research. In addition, we have completed the questionnaire information with economic
and financial information available to the general public in the Registre Mercantil (Mercantile
Register), obtained through the SABI program. The reason for including these new variables
was to complete the questionnaire information, mainly of a qualitative nature, by using rele-
vant public data, with accounting and registered data of the evolution of the business deve-
lopment.

Once the questionnaire answers had been codified and their consistency analysed, we
built a database containing the values of the items taken out of the questionnaire plus those
obtained from financial and accounting information. At this point, we constructed new varia-
bles, some derived from the initial variables or other indicators, by combining several of
them. It should be mentioned that to achieve a balanced representation of the Catalan econ-
omy, taking into account the overweighting of some production sectors in the sample, which
we will analyse more specifically below, we reweighted the database according to certain ris-
ing factors regarding the number of Catalan firms. In this sense, the analysis of more than
500 variables, forming a matrix of one million data about the Catalan firm, was carried out
according to the common research methodology in social sciences; that is the frequency

Jordi Vilaseca / Joan Torrent
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Figure 3. The questionnaire technical file

Universe Firms developing their activity in Catalonia.

Range   2,038 personal interviews to entrepreneurs and managing directors. 

Error margin From ±2.22 for global data with maximum indetermination 
(p=q=50), for a confidence level of 95.5%.

Quotas  By size, in accordance with the number of employees and the business 
activity sector.

Error margin  Between +4.20 and +5.46 for the different sizes according to employee
numbers and from +4.82 to +5.67 for the different business activity 
sectors, with maximum indetermination (p=q=50), for a trust level 
of 95,5%.

Resulting sample Fixed by weighting.

Date of field work   From January to May, 2003.

Sample selection Procedure by marginal quotas. Random company selection.

Source: own creation.
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analysis, the contingency tables and the regression analysis, crossed with company sizes18

and economic sectors19 defined in the research.
Therefore, the document we present contains three sections. After this brief definition of

the conceptual analysis framework of the network firm and the e-business, the following
chapter describes and analyses the transformations in the Catalan firms regarding the use of
the information and communication technologies. The third chapter analyses the causal rela-
tionships between ICT uses and the four pillars of all business activity: two inputs (capital
and labour), the determining element of its long term growth (innovation) and the result of all
productive and organisational practices, putting special emphasis on the productivity.
Following this, we present the main conclusions of this research. You can consult the main
research bibliography in the original document. Finally, it is important to stress that this doc-
ument is an initial synthesis of the research. Its aim is to make current information available
to the general public with an innovative focus on the transformations of the Catalan firms.
Needless to say that the report we present is an initial situational reading of an extremely rich
resource, and obviously deeper investigation and new analyses are merited, which we aim to
present progressively in the future.

ICTs and transformations in Catalan companies
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18. We set up the following correlation regarding the company size, stratified into five typologies (companies of five
employees or less, from six to nine employees, from ten to nineteen employees, from twenty to ninety-nine employees,
and one hundred or more employees). We classify a micro-company as five employees or less. A small enterprise has
from six to nineteen employees. We consider a medium-sized enterprise to employ between twenty and ninety-nine
employees. Finally, a large enterprise is a company with over one hundred employees.
19. Following international guidelines (OECD, 1999; 2002), we initially defined seven productive sectors: the infor-
mation industry, low technology industry, medium-low technology industry, medium-high technology industry, high
technology industry, less intensive knowledge services and intensive knowledge services. We reduced this grouping
to the following six sectors: the information industry, low technology industry (corresponding to the low technology
industry), medium technology industry (corresponding to medium-low technology industry), high technology industry
(comprising medium-high technology industry and high technology industry) and intensive and less intensive know-
ledge services.
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Figure 4. Summary table of economic activity according to knowledge intensity

Source: own creation.
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1
BUSINESS USES FOR INFORMATION AND
COMMUNICATION TECHNOLOGIES (ICT)

Below we outline the uses of the information and communication technologies with the aim
of analysing the digital impact on the business activity. This research maintains that there are
two key elements involved in the transformations of strategy, organisation and business
practices related to digital technologies: ICT equipment and ICT uses. In other words, a
comprehensive approach to business transformations related to ICT must focus not only on
equipment level, but also on the use that is made of it.20

Therefore, on the one hand, we will look at the digital infrastructures a company has
available. We will describe the main ICT equipment available to most of the companies: cell
phones, computers, Internet connection, websites and e-mail, among others. Companies
often require great technological complexity to earn profits through cost reduction and
product differentiation in a highly competitive environment. We will calculate to what extent
this technological complexity has reached the Catalan companies. On the other hand, we
will analyse whether companies make use of this equipment and, even more important,
what type of use they make of it. Adequate technology integration into companies allows an
increase and an improvement of their productive capacity. For this reason, technology must
get adapted so that it can be used as a source for innovation of all kinds. After giving a gen-
eral description of the main ICT uses in business, we will focus on internal uses —that is,
the uses basically related to support organisational activities within the business activity—
and on external uses —or rather, the uses associated mainly to the primary activities of the
business organisation. Once we have reached this point, we will also present a detailed
analysis of each ICT use. Due to the heterogeneity of situations of the Catalan production
reality, we could not follow any other approach. Lastly, in order to analyse the perception
behind the changes that ICT causes at different company levels, we will look at the person-
al attitudes and those of the company and its environment. To sum up, this section aims to
increase the understanding of the link between the ICT and the business activity, both
regarding the equipment and internal and external uses, and to the different approaches as
well, as far as it concerns the implementation and the repercussions of these digital tech-
nologies.

CHAPTER 1 Business uses for information and communications technologies (ICT) 23

20. Vilaseca, Torrent and Díaz (2002b).
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1.1. DIGITAL EQUIPMENT IN CATALAN BUSINESS

The digital equipment we will analyse refers both to the Internet and to other digital tech-
nologies that have a notable presence in the business sphere. In fact, as we will reveal below,
the business activity uses a significant quantity of digital applications for production, distri-
bution, exchange and consumption that, even if generally they are completed with the pres-
ence of the Internet, it is clear that they surpass the mere digital application of the World
Wide Web. Anyhow, all the equipment we will analyse relates to the digital transmission of
information and knowledge that definitively allows communication and exchange, both at
internal and external company level.

Although owning a cellular phone and a computer gives an initial idea of the digital
equipment reality in Catalan companies, studying the Internet connection and the connec-
tion type allows a slightly deeper reading of those technologies through which digital com-
munication can be established among the different nodes that structure a company. We will
also specify if companies have access to digital equipment allowing them internal communi-
cation, such as local area networks, and external communication, such as EDI (electronic
data interchange), websites and e-mail.

Most of the Catalan companies use cell phones. Regardless of the size of the firm, 93.2%
of companies have cell phones. By business activity sectors, significant differences are obvi-
ous, especially in the low technology industry (89.9%), in the medium technology industry
(89.8%) and in the less intensive knowledge services (95.6%). Furthermore, 97.3% of Catalan
companies have a computer. This high percentage is clearly surpassed by the firms of the
information industry and intensive knowledge services. All companies (100%) in these two
sectors have a computer. On the other hand, 95.0% of the companies of the low technology
sector have a computer, far below of what it could be expected a priori, taking into account
both the average behaviour of Catalan companies and the weight of this sector within all pro-
duction activities in Catalonia. In any case, the companies of the medium and high technolo-
gy industry sectors also have very similar percentages —94.9% and 94.1%, respectively.
These data contrast slightly to the corresponding data in the analysis depending on the com-
pany size. The percentage of firms with computers is practically the same for micro-compa-
nies, small and medium-sized enterprises and large companies. However, the significant
result obtained is that all companies with more than ten employees have a computer.

Even though the level of access to the Internet is very high in all Catalan companies —90.9%
had an Internet connection as late as last spring— companies of the information industry
and intensive knowledge services sectors show significantly higher percentages.
Respectively 98.4% and 98.3% of companies in each sector have an Internet connection.
On the other hand, the medium technology industry, where only 79.7% of companies are
connected to the Internet, shows a lower percentage than other business sectors. At an
aggregated level and taking into account the previous levels, the percentage of companies
that have a computer but are not connected to the Internet is very low. Since 9.1% do not
have a connection and 2.7% of all companies do not have a computer, only 6.4% of compa-
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nies do not have Internet access even though they have a computer. As in the case of com-
puters, having an Internet connection does not depend on company size. Although the data
analysis shows a certain correlation between size and access to the Internet (as company
size grows, the percentage of companies connected to the Internet is greater), there are no
significant statistical differences.

Regarding the connection type, practically one out of three companies (67.0% of firms
connected to the Internet and 60.9% of Catalan companies) are connected to the Internet
via an ADSL connection. The percentage of Catalan companies connected using other
broadband systems is very low. Thus, only 5% connect via cable and, as shown in the data
obtained, connection to the Internet via satellite is almost imperceptible. Low and medium
technology industry sectors show a higher trend for modem (or basic telephone network use)
(20.7% and 39.1%, respectively), taking into account that this connection type is chosen by
only 16.4% of Catalan companies. For other connection types, ISDN is the third most popu-
lar system (10.3%) behind ADSL and the modem.

According to the data obtained, access to computers and an Internet connection do not
depend on company size, but when we look at the availability of local area networks (LAN),
connected or not to other public or private wide area networks (WAN), these two elements are

ICTs and transformations in Catalan companies
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Figure 5. Type of Internet business connection
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clearly dependent on each other. Companies with more than twenty employees have a greater
tendency to use local area networks (between 81.8%, in companies with 20 up to 99 employ-
ees, and 90.0% for companies with over 100 employees) than smaller businesses with less
than twenty employees (between 51.4% when having from 6 to 9 employees, and 63.5% for
companies having between 10 and 19 employees). Internal communication needs, as well as
the need to share information among a large number of employees, to ensure that the pres-
ence of these technologies is higher in this type of large companies. Therefore it is clear that
local area networks constitute a basic tool for internal ICT use, even facilitating network
organisation of the business activity. In the same line, not all business sectors have similar
percentages of access to local network technologies. Most of the intensive knowledge servic-
es companies use local area networks (68.6%) that often allow communication with a specif-
ic number of computers located in a defined geographic region. Definitively, these companies
can easily organise network tasks, at least, internally. On the other hand, as far as medium-
sized enterprises are concerned, only 33.9% have LAN, less than what could be expected
according to the aggregated figures corresponding to all Catalan companies. More than half
of firms in Catalonia (54.0%) have access to local area networks.

The local area network constitutes the significant element in the network organisation of
companies at an internal level, and electronic data interchange systems are used at an
external level. Obviously, the network company needs a powerful connection among pro-
ducers, consumers and suppliers. It should be noted that electronic data interchange sys-
tems facilitate the strategic integration of suppliers and customers into the organisation and,
in addition, they consolidate all resources used by enabling shared aims and objectives with-
in an overall perspective. This strategic link allows developing synergies for tackling common
projects of greater complexity, a necessary requirement to adapt the business activity to the
constantly evolving demands of a global nature.

In the same way that the percentage of firms using LAN increases with employee num-
bers, there is also a similar relationship with the percentage of companies employing elec-
tronic data interchange systems with suppliers and customers. While only 29.2% of Catalan
companies have access to these systems, in medium and large companies this percentage
rises to 46.4% and 66.7%, respectively. In contrast, the penetration ratio in micro-compa-
nies and small enterprises is around 30%. If we analyse this variable by activity sectors, the
use of these systems that low, medium and high technology industries make is lower than
the expected. Around 20% of companies in these three activity branches apply these sys-
tems in their organisation, compared to the 36.4% of the information industry companies.
Therefore, there is a direct relationship between access to this type of equipment and the
network orientation of the today company; both as far as size and activity are concerned.

Almost half of Catalan companies have their own website (46.1%). This percentage is
also characteristic of the less intensive knowledge services companies (48.2%), due to the
weight they represent compared to other sectors. Even though there are small but signifi-
cant differences among business sectors, it should be stressed that around 60% of Catalan
companies of the information industry and high technology industry (60.8% and 55.9%,
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respectively) have an Internet presence through their own website. As in the case of the
classification by sectors, the percentage of Catalan companies having their own Internet
page practically coincides with the companies with five employees or less (44.1%, com-
pared to 46.1% of all the firms in Catalonia).21 As in previous cases (LAN/WAN and elec-
tronic digital interchange systems) there is a direct correlation with the number of employees.
The greater number of employees, the higher the percentage of companies with own web-
site. Thus, for example, 88.9% of companies with more than one hundred employees have
their own website. In contrast, micro-companies return a website ownership percentage of
44.1%.

Apart from electronic data interchange systems (EDI-type) and websites, e-mail is
another option available to communicate and interact both internally and externally and it
reaches the vast majority of the firms in Catalonia. It is striking that 87.4% of companies
have e-mail, which is very close to the percentage of companies connected to the Internet
(90.9%). Regardless to the number of employees, most of the firms have e-mail, a fact that
does not occur in the case of electronic digital interchange systems (EDI-type) and websites.
By activity sectors, the percentages are similar and also very close to the Catalan average.
Over all, information industry and intensive knowledge services companies prefer having e-
mail, bearing in mind their weight in comparison with other sectors (95.4% and 95.0%,
respectively). Low technology (80.6%) and medium technology (69.5%) industries are at the
other extreme.

ICTs and transformations in Catalan companies
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21. This size has a more significant weight compared to others: the 51.9% of Catalan companies are micro-compa-
nies with five or less employees.

Figure 6. Digital equipment in Catalan companies by economic activity branch
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Lastly, among the reasons that companies give for not having a website or e-mail —that
is, the fact of not using the Internet as a possible channel to interact directly with suppliers
and customers— it should be highlighted that the main reason is that they do not need it. In
fact, 77.4% of companies that have neither website nor e-mail give as a reason for not hav-
ing them, that they do not need them. This is an argument mainly used by the low technolo-
gy industry (97.0%) and the less intensive knowledge services (74.0%), as well as by com-
panies with more than one hundred employees (77.7%). Other reasons —such as still being
in the construction phase or the lack of finance— are cited by 11.0% and 9.4% of Catalan
companies, respectively.

1.2. ICT USES

After analysing the digital equipment in Catalan companies, below we will look at the results
of uses made of this equipment. If, by company, we understand the organisation and combi-
nation of certain resources to achieve a specific objective, the interpretation of the elements in
the business activity value chain as well as the influence the ICT use has on them are
absolutely essential in order to understand the transformations in the Catalan firms. After a
general description, we will divide the ICT use analysis in two parts. The first refers to internal
and the second to external ICT uses. Even though we will analyse these uses separately, we
should bear in mind that the emergence of ICT breaks with the classic limit of decentralisation
of the activities and allows a design based on the network interconnection of all the elements

Jordi Vilaseca / Joan Torrent

28

Figure 7. Digital equipment in Catalan companies by company size
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of the value chain. We must not lose sight of the fact that this interconnection enables us to
view the company as a network. The first group encompasses the value element activities in
marketing and after sales services as well as in organisation and human resources. This first
group corresponds to one of the primary activities, which puts means to purchasers, such as
advertising, through which they can purchase the product, or feel induced to do so. Related
to marketing, service activities and service offers to maintain or increase product value are
included in this group of internal uses. Lastly, internal uses also include value elements relat-
ing to the organisation and management of human resources. The external uses group
includes the activities of the operations value elements, all the primary activities of production,
supply and distribution. In this section we analyse the ICT use in those activities associated to
goods delivery, warehousing and availability of raw and semi-finished materials for the pro-
ductive activity. On the other hand, it also deals with the digital use of production activities
associated to the transformation of resources into finished products.22 Lastly, a reference to
warehousing and distribution activities of the finished product is made.

1.2.1. General uses

The main uses the firms in Catalonia make of information and communication technologies
(ICT) are management, administration and accounting tasks. The 44.4% of companies men-
tion these tasks, compared to other options, such as principal digital uses. Next, 29.3% of
Catalan companies declare using digital technologies, especially the Internet, to obtain infor-
mation, while an additional 27.4% employ it in their relationship with customers and suppli-
ers. Communication is a fourth significant element. This use is cited by 23.4% of Catalan
firms. Therefore, at first sight, Catalan companies use digital technologies in production to
become more efficient in internal administrative tasks and to improve their external relations
through the communication, particularly with the customers in general, with the two external
agents most directly linked to the business activity: customers and suppliers. Furthermore,
these two uses, one internal and the other external, are integrated or interrelated through
another important function of ICT: obtaining information.

Apart from these four major digital use options, there are many less significant applica-
tions, which also play their role in the progressive consolidation of the network company
through the use of the digital business. Obtaining permits and banking administration lead
the second use group, employed by 15.2% of Catalan companies, followed by e-mail
(13.3%), marketing and website (6.9%) and internal communications (6.6%). Therefore, ICT
are a basic work tool for 15.6% of Catalan companies, a statistic that gives us an idea of the
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22. Strictly following Porter’s (1985) layout of value elements, business activities related to production would corre-
spond to a primary activity, which could be associated to an internal use, from an ICT use perspective. Likewise, the
network conception of the business activity is closely linked to the productive activities and its two immediate exter-
nal uses: supply and distribution. In order to contrast this link, this research has considered that it is worth to treat
these production activities from the point of view of external ICT uses.
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progressive implementation of the digital business in the Catalan economy. Definitively, all
the data seems to indicate that the main ICT uses in business are aimed to facilitate the
development of all those activities providing support to the entire value chain. In this sense,
ICT would be an appropriate service instrument for improving the productive efficiency by
reducing routine tasks.

By sectors, concerning the main productive use of ICT —the support of the infrastructure
value element—, this application is only considered as a main use by 24.0% of companies of
the information industry. In contrast, the information industry does consider communication
with customers and suppliers (34.2%) and obtaining information (38.0%) as important digital
uses. This pattern is also shared by the high technology industry and the intensive knowledge
services, which behave fairly similar (33.3% and 40.7%, respectively). The 35.1% of these
companies mainly use ICT for communication and 31.9% to obtain information. Lastly,
regarding the ICT use as a basic business tool, we should stress once again that the informa-
tion industry and the intensive knowledge services follow more differentiated patterns, clearly
surpassing the Catalan average (25.6% and 28.2%, respectively). On the other hand, all main
uses given by the surveyed companies did not show any connection with the size of the com-
pany, except for the digital use in internal communications. Even if the Catalan average is sit-
uated at 6.6%, 33.3% of large companies (with one hundred or more employees) use ICT
mainly for aspects related to internal company communications.

Table 1. Main business uses of ICT  

In percentages of total Catalan companies

1. Management, administration and accounting 44.4%

2. Obtaining information 29.3%

3. Customer/ supplier relationships 27.4%

4. Communication 23.4%

5. Basic work tool 15.6%

6. Procedures, banking and financial operations 15.2%

7. E-mail 13.3%

8. Marketing and web pages 6.9%

9. Internal communications 6.6%

Source: own creation.

1.2.2. Internal uses

As above mentioned, this section looks at ICT uses in the scope of marketing and after sales
services, and human resources and organisation. In both cases, apart from providing a full
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description of percentages of use at both aggregated and disaggregated levels (by business
sectors and company size), we will describe the main reasons for not having implemented
the corresponding technologies. Finally, we will analyse some aspects dealing with security
within the company related to the information it generates and administrates. Security
copies of information generated, anti-virus programs and emergency computer plans are
key aspects in order to foresee the effects of any incident occurring in the company, as well
as being a good indicator of the commercial predisposition towards the digital business.

The incorporation of ICT into marketing and marketing research can improve consumer
knowledge, so that the latter can be incorporated more rapidly into new product creation.
Therefore, improvements in information and knowledge flow management allow greater effi-
ciency not only in the research of a constant changing demand, but also in the very internal
functioning of the marketing area. Thus, in terms of this area, 22.3% of Catalan companies
use an integrated system, such as CRM, to obtain and manage information generated
through the company’s contact with potential or current customers. By sectors, the low
technology industry and the medium technology industry present significantly lower per-
centages (10.4% and 13.8%, respectively) of what it could be expected considering the
weight they represent compared to the whole Catalan economy and the average of all
Catalan firms. In contrast, less intensive knowledge services reflect a significant high partic-
ipation in these customer-orientated digital systems (28.1% of companies).

Moreover, according to the results obtained these systems show a trend to be more
used by medium-sized and large companies (40.0% and 55.6%, respectively). On the other
hand, with percentages hovering around the Catalan average, small enterprises and micro-
companies do not have the same propensity to use them. Likely, the volume of information
generated through the company’s contact with customers is significantly lower in smaller
companies than in the larger ones.

In the same line, 67.6% of companies that do not have CRM-type systems argue that the
main reason for not having them is that they do not need them. This percentage is signifi-
cantly higher, rising to 78.7% in the low technology industry sector. The company type
(14.5%) and the customer profile (5.3%) are other reasons that justify companies not having
applied any system for working with all the information related to the contact with customers.

ICT use is more widespread in the other internal area of the company’s value chain, which
is the organisation and human resources. The vast majority of Catalan companies (82.7%) use
operational systems for accounting and invoicing, such as Contaplus, Contawin, Facturaplus,
among others. However, the use of other systems and equipment more sophisticated is not
generalised, and its use becomes more specific depending on the sector and the company
size. For example, approximately one out of three companies (31.9%) has a wage payment
system that uses ICT. The implementation and utility of these systems are strictly related to
company size. In most cases the organisation of medium-sized (64.3%) and large (88.9%)
companies needs their use, in contrast with the micro-companies, of which only the 29.6%
has these systems. Lastly, 37.1% of companies with more than six employees and less than
nine have them, and so do the 50% of the rest of small companies.

ICTs and transformations in Catalan companies

CHAPTER 1 Business uses for information and communications technologies (ICT) 31

ICT and transformations NOU.qxd  22/07/2004  9:41  Página 31



Jordi Vilaseca / Joan Torrent

32

Even though we previously saw that the percentage of companies considering internal
communications to be a main ICT use only represents 6.6%, the 15.5% declare having
internal communication systems. This percentage also contrasts with the fact that the most
of the companies are prepared to acquire internal communication systems (we have also
seen that 54.0% of companies initially used local/wide area networks: LAN/WAN). Once
again this element is closely related to company size. The 80% of direct communications in
large companies use internal communications systems. In these large companies, the
direct communications established by the generalised use of internal communication sys-
tems offer the possibility to organise multidisciplinary working groups, variable and specific
depending on every business project. In conclusion, they make easier the network tasks
inside the business organisations. On the contrary, most of the medium-sized companies
(47.3%) and those with 10-19 employees (30.1%) still do not have these internal data
transmission systems, even though there is a growing tendency as company size increases.
In fact, micro-companies are right at the opposite extreme, close to the Catalan average
(13.4%).

Although information management is very important in the company organisation and
strategy, since it promotes direct communication with very low transaction costs, only
11.7% of Catalan companies have data management programs or systems (Datwarehouse)
or information exploitation tools (Data mining, OLAP). The rest of human resources’ systems
studied are minority systems in Catalan companies. The 6.5% of Catalan companies use a
management information system (EIS) and 5.2% have integrated management systems.
Anyhow, it should be stressed that these three applications are clearly present in companies
with more than 100 employees (77.8%, 55.6% and 44.4%, respectively), with percentages
substantially higher than the Catalan average. Moreover, a significant higher use can be
observed in the case of the intensive knowledge services (12.4, 7.8 and 6.6%, respectively).

The two main reasons given by companies for not having any of the equipment above
mentioned, in reference to ICT use in the area of organisation and human resources, are that
either they do not need it or that they have the corresponding service externalized.
Regardless of the business sector and its size, 45.4% of Catalan companies state that an
external company provides them with the associated service, and 45.0% affirm that they do
not need any of these systems.

A highly important element in organisations is the capacity to manage the information
they generate. Thus, the capacity to make security copies of this information using the ICT
becomes essential for guaranteeing the efficiency and the efficacy of this management, so
that any incidence can be foreseen. Even though 91.1% of Catalan companies periodically
make security copies of their relevant information, only 39.4% store them outside their own
company. By size, even though large companies manage greater amounts of information,
most of them store their security copies outside their habitual company site (66.7%). By sec-
tors, companies of the medium technology industry are those which somehow assume
greater risks, since only 30.0% place their security copies externally, a percentage that con-
trasts with the 41.2% of companies of the intensive knowledge services.
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Apart from security copies, the fact that most of the companies are connected to the
Internet (90.9%) and have access to e-mail (87.4%) mean they also take other measures to
avoid the possible destruction or corruption of their information, produced in the communi-
cation through ICT. Therefore, anti-virus programs constitute a basic tool. The vast majority
of companies use updated anti-virus programs (86.8%). However, it should be noted that
this percentage increases up to 94.7% in the intensive knowledge services business sector,
which means that all large companies react positively to this contingency.

Even though the most of the companies make security copies and use updated anti-
virus programs, it should be mentioned that only 35.1% of Catalan companies have at their
disposal an updated emergency computer plan to cover any incident. The sectors with few
companies possessing emergency plans are the low technology industry and the intensive
knowledge services, with 29.4% and 26.4%, respectively. At the same time, more than half
of medium-sized companies and 77.8% of large companies declare having planned this
contingency.

1.2.3. External uses

At the beginning of this research we said that the consolidation of the network firm especial-
ly starts from the possibility of decentralizing the economic activity to such a point that the
company could have as many business lines as the number of products/services commer-
cialised. This strategic option entails two requirements. Firstly, an organisational require-
ment; that is, a change in the organisation of overall business activities to respond to this
new production focus. Secondly, there is the technological requirement. Actually, e-business
is built upon a technological possibility: an intensive use of ICT. The operational area is pre-
cisely the value element in which production decentralisation must be clear, since it is in pro-
duction where internal elements relate to the closest external agents, such as suppliers and
customers. The analysis of ICT use in this area will allow us to confirm to what extent com-
panies use digitalisation processes to consolidate a network inter-relationship of all compo-
nents. Particularly, in the operational area, an external ICT use means that supply and distri-
bution activities (whether considered part of the demand or the supply) surpass the classic
conception focused on making the necessary resources available to the production system.
Thus, the knowledge economy gives a new meaning to this function, integrating all different
business units with a high degree of strategic relationship (and even participating in their
design).

This section will focus on the ICT uses within the operational area of the firms in
Catalonia, that is, in the scope of production and of immediate external relations: suppliers
and customers. In both cases we have detailed usage percentages at an aggregated and
disaggregated level (by business sector and company size) and we will look at the main rea-
sons the companies give for not having implemented the corresponding technologies. In the
operational area, 26.6% of Catalan companies have a production planning system and, if
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applicable, a system for planning the service offer through ICT. The low technology industry
is the sector with the greatest tendency to use computer programs and telecommunications
networks (32.6%) for planning this production activity. In contrast, medium technology
(17.2%) and intensive knowledge services (23.4%) companies reflect a lower percentage to
the expected if we take into consideration their importance in the overall Catalan economy
and the average behaviour of Catalan companies. It is also worth mentioning that the infor-
mation and the high technology industries show slightly higher participation levels than the
Catalan average. If the complexity of production activities in the larger companies is more
important, it should necessarily imply greater ICT use in order to plan the production in the
most adequate way to the reality of every company. The data obtained confirm this associa-
tion, since there is a clear correlation between company sector and company size. Therefore,
while micro-companies (25.3%) and small enterprises (between 25.7% and 37.0%) in some
cases have software and hardware and communication networks to plan production, most of
the medium-sized and large companies do have these information and communication sys-
tems. Almost half of medium-sized companies (47.3%) and a great number of large compa-
nies (77.8%) have them as well.

Regarding to supply activities, it should be noted that the ICT application ratios are very
close to those reached in the scope of operations. Therefore, 23.5% of Catalan companies
have a digital system for external planning with suppliers. By sector, the medium technology
industry (10.3%) and the intensive knowledge services (14.5%) show a fairly similar pattern
to the one of production activities. In other words, they reflect percentages that are signifi-
cantly lower than the Catalan average. Instead, and contrary to the previous situation, the
low technology industry is also placed clearly below other companies in Catalonia (10.7%).
Finally, the less intensive knowledge services (32.3%) is the sector with the greatest tenden-
cy to make its purchases through a computer programme and telecommunications net-
works. Even though in terms of size there is not such a direct relationship as in production
activities, since company size does not influence the percentages obtained in each option,
most of the large companies (55.6%) have computer and communication systems with
which they develop their supply activities. Other companies are situated around the Catalan
average.

Lastly, the third activity in the area of operations to be analysed is related to distribution.
ICT use in this value element is lower than in production and supply activities. The 11.9% of
Catalan companies use an external planning system with distributors through computer pro-
grams and communication networks. As in the case of supply, the less intensive knowledge
services (16.3%) is the sector with a significant higher percentage of ICT use in distribution.
In contrast, the low technology industry is situated at a very low (3.9%) level. Regarding to
company size, the data obtained suggest a similar pattern to the analysed for supply activi-
ties. Even though size does not significantly influence ICT use in distribution, larger compa-
nies have the highest percentages (33.3%).

On the other hand, the main reason why the most of the Catalan companies have nei-
ther computer programmes nor telecommunications networks to carry out production, sup-
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ply and distribution activities is that they do not find them necessary. That is the main rea-
son stated by the 58.8% of the firms that do not have these systems. The 16.7% of com-
panies cite the type of product (or service) as another reason, especially the firms of the
intensive knowledge services sector (35.1%). A further reason for not having these systems
is company size (10.3%). Since only micro-companies and small enterprises mentioned this
last reason, it can be understood that these systems are especially useful for medium-sized
and large companies. Most of them have these systems. Finally, the economic situation
(2.8%), the fact of preferring the use of alternative procedures (2.2%), the type of suppliers
(6.2%) and the fact of being in this study phase (4.0%) are other reasons which explain why
no computer and telecommunications systems have been applied in the scope of opera-
tions.

1.3. ATTITUDES TOWARDS ICT

The idea of strategic and organisational change in companies can only be understood if
there is a cultural change at an internal level. We already commented that networking is the
basic organisational form of the knowledge economy and that the consolidation of the net-
work firm goes through an internal cultural change towards this new organisational form. A
way to contrast this new company attitude is its predisposition to ICT uses. In this section,
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Figure 8. Business uses of ICT in the operations area
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we will go through these attitudes, both personal and those referring to the company and to
the environment, insofar as ICT uses are concerned.

1.3.1. Personal attitudes

This section deals with the personal attitudes towards ICT. We will analyse how firms use the
ICT, professionally and individually speaking, both at executive personnel and support per-
sonnel levels. This double approach allows us to have an idea about the extent of this normal
use in the development of professional tasks.

When studying the equipment we have seen that the vast majority of the firms in
Catalonia have access to e-mail (87.4%). Regarding the habitual use (in the last week) of e-
mail, the persons in charge of the companies, responsible for answering the questionnaire,
stated in 76.3% of the cases that they had sent and received e-mail messages within the
previous week. In the case of having support personnel (secretary), the 84.8% answered that
they had also sent and received e-mail messages in the previous week. Therefore, almost all
Catalan companies with access to e-mail use it habitually, both to send and to receive elec-
tronic messages. Among the companies with e-mail access, there are no significant differ-
ences depending on the different activity sectors. Nevertheless, the information industry has
the highest use percentage at an executive level (92.8%). On the other hand, low technology
and medium technology industries show slightly lower percentages, 70.9% and 70.2%.
Among companies with support personnel (secretary) common use of e-mail is especially
high in the intensive knowledge services sector (90.3%).

The percentages decrease when looking at slightly more sophisticated ICT uses. Even
if habitual use of e-mail is reasonably high, only 52.4% of managers transferred files elec-
tronically during the week previous to the survey date. Considering only the companies to
which the question was pertinent (companies with access to some electronic system by
which they can send digitalised information in file format), the information industry, the high
technology industry and the intensive knowledge services (67.5%, 66.6%, and 66.0%,
respectively) are the sectors where more companies often transfer files electronically. As in
the previous case, low and medium industry companies reflect the lowest percentages
(40.5% and 51.1%, respectively). Asked about whether their support personnel usually
used ICT to transfer files electronically, the percentage of company responsibles who
answered the question affirmatively increased significantly in comparison to the value
obtained at executive level. The support personnel of 68.5% of the Catalan companies
(employing support personnel) had transferred files electronically in the last week. Even
though the Catalan average is reasonably high, it should be noted that the low and medium
technology industries have a percentage of use of 55.9% and 55.2%, respectively. Other
sectors report values close to 70%.
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Figure 9. ICT use by Catalan entrepreneurs
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From the equipment perspective, it was seen that the Internet access level is very high in
all Catalan companies: 90.9% have access to an Internet connection. However, to what
extent is the Internet connection used individually? The 89.8% of managing directors of
Catalan companies with Internet access had connected during the week prior to the survey
date. Company support personnel had accessed in 84.5% of the companies. These results
are very similar to those obtained in the case of e-mail use. Therefore it can be concluded
that regardless of the size of the company and the activity sector, most of the managers and
the support personnel (more than 75.0% of the cases) in Catalan companies habitually use
e-mail (to send and receive messages) and connect to the Internet. However, it should be
pointed out that companies in low and medium technology industries report slightly lower
percentages.

On the other hand, the use of the video-conference as a communication tool by Catalan
companies is extremely marginal. Only 1.6% of managers interviewed connected via video-
conference during the previous week to the survey date. Only 2.1% of the support personnel
of the companies with adequate equipment use regularly the video-conference. Therefore,
the video-conference is not a commonly employed instrument by the management and the
support personnel, comparing to the uses analysed above, much more extended in Catalan
companies.

In percentages of total Catalan companies
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1.3.2. Attitudes related to companies

After analysing the individual uses of ICT by management personnel, below we will look at the
advantages and drawbacks that their productive use generates in Catalan companies. In accor-
dance with the data obtained, one of the main advantages of using ICT is the ease and the
speed in management, according to 72.1% of Catalan companies. This first advantage, strictly
linked to the main business use of ICT (44.4% of the Catalan firms use them for management
administration and accounting tasks), shows that the productive application of ICT and its
advantages are based on the support of the infrastructure element of the value chain. At first, it
should allow a discharge of administrative load of work from some of its most routine tasks. The
other advantages mentioned are not all shared by the majority of Catalan companies. Despite
this fact, to facilitate the access to information (35.8% of companies) and being a step forward
in improving quality and control (22.0%), are the two most often referred advantages.

Among the rest of the advantages mentioned, it should be stressed the cost reduction
(17.5%), since in a certain manner it is closely related to the three previous advantages. This
is one of the most significant issues of the new organisational models emerging from the ICT
integration into companies. The automation of information processes (associated to the first
three advantages stated above) allows an optimization of cost structures, displacing fixed
costs towards variable costs and reducing management costs.

Table 2. Main perceived business advantages of ICT  

In percentages of total companies

1. Ease and speed of management 72.1%

2. Access to information 35.8%

3. Improvement in quality and control 22.0%

4. Cost reduction 17.5%

5. Facilitating communication 14.0%

6. Increase in reliability and security 13.4%

7. Comfort 12.0%

8. Modernity and innovation 10.7%

9. Business expansion 10.3%

10. Improvement in production 9.9%

11. Process automation 9.4%

12. Provides flexibility and autonomy 9.2%

13. It is a fundamental tool 9.0%

14. Increases of competitiveness 7.9%

Source: own creation

The perception of advantages of the ICT is not homogeneous among sectors. In fact,
even if the medium technology industry and the intensive knowledge services (with percent-
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ages close to 80%) perceive this support of the infrastructure element as the most important
of all ICT uses, this percentage drops to 59.6% of companies in the information industry.
Thus, we can affirm that as the economic activity intensifies technology or knowledge use,
the perception of ICT as a fundamental instrument for developing the economic activity
increases. Actually, the information industry and the medium and high technology industries
are the production sectors that perceive most intensively the synergic effects of the ICT in
productive development. The 12.4%, 22.7% and 19.2% of companies in these three sectors
perceive digital technologies as an essential tool for business expansion (compared to
10.3% of all Catalan companies), while 18.6%, 20.5% and 14.8% stress that ICT are an
important tool for improving production (9.9% of the Catalan average) and 14.0%, 18.2%
and 14.8% of companies in the information industry and medium and high technology indus-
tries see ICT as a fundamental business tool (9.1% of the Catalan average).

The pattern explained above can also be approached in accordance with the company
size. As a company gains employees, the advantages are stressed more often by intervie-
wees. There is a direct correlation between variables. Advantages are mentioned by around
10% of micro-companies. In contrast, this percentage increases progressively up to the 50%
of large companies.
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Figure 10. Some advantages of ICT, by activity sector
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Among the most often-mentioned drawbacks when using ICT for business, there are the
system errors or other technical problems (22.3%), as well as those drawbacks caused by
extreme dependence on computing, and by its linked undergoing changes (21.2%). While
the first drawback is shared in similar percentages by all business sectors and all company
sizes, dependence on computers is quoted more often by companies of the information
industry (31.4%), high technology industry (36.8%) and intensive knowledge services
(31.7%) sectors. Clearly, the heavy dependence of these companies on computing means
they consider it as a significant negative factor. Among other referred drawbacks, at least for
10% of companies mentioning one, three drawbacks are stressed. Lack of training is men-
tioned on the first place. A drawback for 13.8% of companies is the need of certain qualified
labour level to use appropriately ICT in the company and take benefit from it. The sectors
that most often quote this factor are the low technology industry (22.2%) and the medium
technology industry (18.5%). In contrast, companies of the intensive knowledge services
sector (7.8%) are less concerned about this drawback.

Secondly, it stands out the lack of security and quality guarantees (12.5%). Similarly, the
fact of not perceiving ICT as safe systems providing a minimum quality level is a main draw-
back of ICT use in all sectors and company sizes. The third and last drawback is the cost that
using ICT involves. The 11.0% of companies that quote any ICT use drawback consider that its
cost (telecommunications, computer systems and other general equipment) is a significant
drawback. Once again, the sectors that show the highest dependence percentages on ICT are
the information industry (17.4%), the medium technology industry (18.5%) and the high tech-
nology industry (15.8%). On the contrary, companies of the intensive knowledge services, who
are clearly dependent on ICT and its use, only mention this drawback in 9.9% of the cases.

Table 3. Main perceived business drawbacks of ICT  

In percentages of total companies

1. System errors and other technical problems 22.3%

2. Dependence on computers 21.2%

3. Lack of training 13.8%

4. Lack of security and quality guarantees 12.4%

5. Cost 11.0%

6. Rapid technological advance 8.0%

7. Loss of aptitude and personal contact 7.7%

8. Lack of co-ordination between senders and receivers 6.9%

9. Excess of information 6.4%

10. Slowness of the system 5.8%

11. Lack of assessment 1.5%

12. Increase in competition 1.0%

13. Loss of jobs 0.9%

14. Subordination to commercial criteria 0.9%

Source: own creation.
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After analysing the main advantages and drawbacks of ICT use in firms, we will focus on
certain specific aspects more directly related to company organisation and strategy. Next we
are interested in the influence of ICT on productivity, competitiveness, profits and labour
relations in Catalan business. To analyse the impact of digital technologies on these four ele-
ments we will study the perceptions of its use. Specifically, we asked how this influence is
valued. In order to measure this influence, we used a scale of 0 to 10, where 0 means «It has
not increased at all» and 10 «It has increased very significantly». In the figure below we have
situated the quartiles obtained for each question at an aggregated level; that is, without tak-
ing into account the different sectors or company sizes.

By using this scale from 0 to 10, the surveyed companies, as a representative sample of
the whole Catalan economy, value the influence of ICT on productivity increase with an aver-
age of 5.3 points. The 25% of companies consider that the productivity has not increased at
all, or the increase has been insignificant (valuing it as 2 or less), while another 25% consid-
er that there has been a significant or a high significant increase of productivity (valuing it as
8 or more). The resting 50% consider there have been increases (even though not very sig-
nificant) in productivity due to ICT use.

ICTs and transformations in Catalan companies

CHAPTER 1 Business uses for information and communications technologies (ICT) 41

Figure 11. Perceived influence of ICT on certain business results
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Even though all the assessments approach the value of 5 points, there are significant dif-
ferences depending on business sectors. The companies of the information industry (5.7
points) and service companies, both less intensive (5.5 points) and intensive in knowledge
(5.3 points), have a greater perception that ICT have increased productivity. In contrast, the
rest of the industry does not have such a clear perception of a significant increase and its
average assessment rounds the 4.5 points. Despite large companies value the increase in
productivity significantly higher (6.9 points), by company size there are not significant differ-
ences between the groups. Nevertheless, this high appraisal is not reflected in the corre-
sponding statistics, due to the weight of these companies respecting to the total number of
companies in the whole Catalan economy.

As far as competitiveness is concerned, the results are very similar to those of produc-
tivity. Using the same scale from 0 to 10, where 0 equals minimal impact and 10 a high rele-
vant impact, Catalan business values it in 4.8 points. On the one hand, 25% of companies
consider that either the competitiveness has not increased at all or there has been an
insignificant increase (valuing it as 2 or less). In addition, the percentage of companies con-
sidering there has been a significant or a high significant increase (valuing the competitive-
ness as 8 or more) drops to the 10%. The remaining 65% of the companies consider there
has been some increase in competitiveness due to ICT use. By sectors, the information
industry and the intensive knowledge services consider that ICT have had the greatest influ-
ence on an increase in company competitiveness (5.5 and 5.2 points, respectively).
Concerning the rest of the sectors, low technology (4.3 points) and medium technology (4.2
points) industries give the lowest value. As in the case of productivity, most of the large com-
panies, with 6.4 points, consider that ICT have influenced the competitiveness and increased
it significantly. As far as companies with less than 100 employees, they are clustered around
5 points.

In contrast to the two previous business results, the effect ICT in increasing profits is
considered significantly lower: the perception of Catalan firms is placed at 4.0 points. Only
5% of Catalan companies value the increase in profits from ICT use as highly significant
(greater than 8). In any case, it is important to state that 50% of Catalan companies value the
profit increase generated by ICT use over the 5 points. The resting 25% of the companies
value it at less than 1. Therefore, a quarter of companies consider that ICT have hardly
increased their profits at all. Furthermore, there are no significant differences either between
sectors or between sizes.
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One of the main labour transformations in the company as a result of ICT use is the pro-
gressive individualisation and personalisation of relationships between employers and
employees. The working flexibility and the diversity in working conditions influence the indi-
vidualisation of the employees’ treatment, according to their aptitudes and attitudes.
Although the average of Catalan companies (1.9%) considers that ICT practically do not
allow a more individualised relationship with employees (in fact, 0 is the value mentioned by
50% of companies), depending on company size and sector there are some significantly
higher appraisals. By sector, the information industry, the less intensive knowledge services
and the intensive knowledge services provide a significant higher value, in spite of being fair-
ly low (around 2 points). However, in the analysis by size there are significant differences.
There is a clear correlation between employee numbers and the extent to what ICT allow a
more individualised relationship with employees. Clearly, in companies with more employees
it is more difficult to treat them individually in a face-to-face relationship. In this sense, ICT
help these companies to reach each employee in a personalised way. Therefore, while
micro-companies and small enterprises place a low value on the influence of ICT in individu-
alised working relationships (between 1.8 and 2.2 points, respectively), medium-sized and
especially large companies have a much more favourable perception (3.1 and 5.2 points,
respectively).

Figure 12. The perceived impact of ICT on certain business results, by activity sectors
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1.3.3. Attitudes related to the environment

Previous sections focused on how the emergence of ICT and how the progressive generali-
sation of its uses are being used as a tool to adapt production, making it flexible enough for
a changing global demand. In that respect, it is important to note that to empirically capture
transformations in a company —an interrelated combination of strategy and organisation—
is necessary to consider not only the changes of the organisational model, but also the
changes of the own business activity. Consequently, and following the description of com-
panies perceptions, below we will analyse whether firms hold the view that ICT have modi-
fied the economic and business activity (in general) as well, and whether this transformation
has had any impact or incidence on the own business activity (in particular).

From the data obtained it can be seen that the most common perception within Catalan
companies is a business transformation based on ICT use. Regardless of the business sec-
tor and the company size, 89.2% of firms consider that ICT use and implementation trans-
form the business activity. In contrast, there are significant differences between business
sectors when measuring the influence of these transformations on the own business activity.
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Figure 13. The impact of ICT on business activity

Utility of 
e-learning

Own business 
activity

25% of companies 25% of companies25% of companies 25% of companies

Source: own creation.

Appraisal from 0 to 10. (0 signifies it has no effect and 10, it has a profound effect)

0 1 2 3 4 5 6 7 8 9 10

ICT and transformations NOU.qxd  22/07/2004  9:41  Página 44



On a scale from 0 to 10, where 0 signifies «It has no effect» and 10, «It has a profound effect»,
the average value given on the previous statement is 5.9 points. The 25% of companies
value it above 8 points, as these changes highly influence their business activity. In fact, 75%
of companies give a value above 4 points. By sector, significant differences can be appreci-
ated. The changes, due to the use and the implementation of ICT, undergone by the infor-
mation industry, have considerably influenced (7.1 points) its business activity. In the servic-
es sector, both intensive and less intensive in knowledge, there is a significant influence (6.0
points) as well. Other industries give lower valuations (under 5.7 points).

On the other hand, the role of individuals and their knowledge, as new competitive ele-
ments in organisations, are a priority for understanding the changes produced by an inten-
sive use of ICT in companies. In that respect, training is the key element allowing an accurate
association of individuals to knowledge. In the knowledge economy, work requires particular
educational levels, linked to a greater flexibility in order to get adapted to the needs of the
moment. This need leads us to continuous trainings as a valid tool to provide a working envi-
ronment with the necessary attitudes and aptitudes to cope with the changing production.
For this reason, this research has questioned the utility of virtual training (e-learning) as an
educational modality for companies’ needs.

Indeed, e-learning is a training modality within the reach of companies that intensively
use information and communication technologies that allows training of both the individual
and the workstation. Although the frequency of this option is growing over the time, the aver-
age value mentioned by Catalan companies does not surpass the 5 points. It remains at 4.5
(on a scale of 0 to 10, where 0 means «Useless» and 10 «Extremely useful»). Around the 25%
of Catalan companies consider that e-learning is almost useless. Only 10% of firms consid-
er it extremely useful for their organisation. By sector, the industries that provide a significant
higher value of the utility of e-learning are the high technology industry, with 5.5 points, and
the information industry, with 4.8 points. In any case, the values given by the rest of the sec-
tors are very close and approach the 4.2 points.

1.4. INTERNET EQUIPMENT AND AN ICT USE INDICATOR

As we have previously seen, business organisations are experiencing changes of significant
nature in many of their value elements and activities when using intensively information and
communication technologies. Furthermore, these changes are occurring at an external level
as well, both in their relationship to suppliers and customers and in their way of understand-
ing the new business environment emerging from the knowledge economy, which is global
and in constant change. In this section we will focus on the analysis of the ICT use in Catalan
firms. For our purposes, we will first focus on the equipment of Catalan firms and afterwards
on the use they make of it internally and externally. In this way we can define an initial
approach for measuring the changes currently occurring in the business activity.
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The equipment level, and more specifically the Internet equipment level in Catalan com-
panies, is between low and normal. The 46.0% of companies possess equipment that could
be described as low (they have Internet connection, but not a website), 41.9% possess a
normal level of Internet equipment (with a narrow-band Internet connection and a website),
and only 2.7% of companies have an advanced level of Internet equipment (companies with
a broadband Internet connection and a website). Finally, it should be noted that 9.5% of
Catalan companies have an Internet equipment level that is clearly very low (they do not
have an Internet connection).
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Figure 14. Low and very low Internet connection equipment in Catalan companies by activity sectors
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Even though these percentages correspond to a general description of Catalan firms,
there are very significant differences when we analyse the equipment level by business sec-
tor and company size. In general terms, it can be affirmed that the information industry and
the high technology industry possess an Internet equipment level that is predominantly nor-
mal (55.2% and 56.3%, respectively). However, special attention should be paid to the fact
that the information industry and more intensive knowledge services show the highest pene-
tration rate for advanced equipment (5.6% and 5.3% of companies, respectively).
Nevertheless, the latter sector reflects a significant duality: despite 36.5% of service compa-
nies show an Internet equipment level that could be considered as normal, most of the serv-
ice companies are placed at a low equipment level (56.5% of companies). On the other
hand, low technology industry and medium technology industry companies in general have
low equipment levels (46.4% and 47.4%, respectively, close to the Catalan average), but
they show a clear tendency of not having Internet connection. The 16.6% of companies in
the previous sector and the 21.1% in the latter have a very low level of Internet equipment.

As far as company size is concerned, there is a clear correlation between the level of
Internet equipment and the size: the larger number of employees, the more advanced equip-
ment level. In the following graphic we see that a clear majority of medium-sized and large
companies have a normal equipment level (in fact, 12.5% of large companies have an
advanced level). On the other hand, small companies cluster around 50.0% with normal
equipment, and a significant percentage of them have a low level of equipment. Finally,
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Figure 15. Normal and advanced Internet connection equipment in Catalan companies by activity
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micro-companies would be at the low level of Internet equipment, and 10.0% of them at the
very low.

Regardless of the business sector and the company size, and as far as other equipment
is concerned, it is important to note that a high percentage of companies have e-mail
(87.4%) as well as connection to the Internet and website. It should be also mentioned that
most of the companies (54.0%), and basically large companies (90.0%) and intensive knowl-
edge service companies (68.6%) have local/wide area networks (LAN/WAN). The volume of
information they generate and manage makes the use of local networks more relevant in this
type of firms.

To sum up, as illustrated in the following table, the penetration of digital equipment in
Catalan firms, basically the Internet and e-mail, shows a marked upward trend in the recent
years. Small companies should also be included in this tendency. Special attention should
be paid to the expansive evolution of websites and e-commerce, in spite of having a limited
presence in the business activity.

Our conclusion of the ICT uses of Catalan companies is the following: while equipment
level (both Internet and other types) can be generally considered acceptable (more than 80%
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Figure 16. Internet equipment in Catalan companies, by size
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of companies have between low and normal levels), ICT uses show more relevant dualities.
Thus, a high significant part of Catalan companies actually makes an insufficient use of ICT
in the areas of operations, marketing and organisation and human resources. The 73.4% do
use ICT to plan production (or their services offer). The 75.7% do not have an external tech-
nological planning system to deal with suppliers or distributors. The 77.6% of companies do
not have integrated systems in order to obtain and manage information generated by the
customer and therefore make an insufficient use of ICT in marketing.

Finally, only 15.4% of companies make a sufficient use of the basic equipment in organ-
isation and human resources (compared to the 84.6% that do not use it). It means having
accounting and invoicing, wage payment or internal communications systems. Only a 6.5%
make a more complex use of ICT, implying the use of at least two of the following systems:
data management and information exploitation, executive information system (EIS) or enter-
prise resource planning (ERP).

This general description of ICT uses shows an ICT use level in the different value ele-
ments of the business activity with clear space for improvement. In spite of that, it is impor-
tant to point out the significant and relevant differences by sector and by size. By sectors, it
stands out that the high technology industry and the less intensive knowledge services lead
the sufficient uses. By size, most of the large companies use sufficiently the ICT in all their
operational elements (77.8% of companies plan production and 55.6% in the case of suppli-
ers and distributors), marketing (55.6%), and organisation and human resources (77.8%), far
above the Catalan average of 22.4%. Even though there is a certain correlation with the
number of employees, less than 50% of the rest of the companies with less than 100
employees make sufficient uses of ICT.
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Figure 17. An evolution of ICT uses and equipment

Source: IDESCAT and DURSI for the years 2000-2002, and own creation for 2003.

Equipment and digital uses 20001 20011 20021 20032

Internet connection 83.8% 92.1% 94.7% 90.9%

E-mail 82.7% 86.9% 92.8% 87.4%

Website 49.9% 52.7% 54.8% 46.1%

Purchase via Internet 10.1% 15.0% 24.4% 21.7%

Sales via Internet 9.0% 7.0% 9.6% 11.0%

In percentages of total companies

1. Companies with 10 or more employees. 2. Companies with 1 or more employees.
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Below we present the ICT uses in each element of the value chain. The general ICT
usage level in Catalan firms is certainly low: the 71.7% of Catalan companies make an insuf-
ficient use of the ICT. They do not possess any technological system in operations (produc-
tion and suppliers/distributors), marketing and organisation and human resources (basic and
complex), or just one system for one of the five areas. As far as average uses are concerned,
24.2% of all companies have systems for two or three of the five areas. Finally, 4.1% of
Catalan companies have systems for four or five of the value elements described (advanced
uses).

As observed in the case of Internet equipment, the data obtained shows clearly signifi-
cant differences between activity branches and company size. On the one hand, even
though low uses are present in more than two thirds of the companies, there are high rele-
vant differences. In fact, 68.6% and 65.5% of companies in the high technology industry and
in the less intensive knowledge services show the lowest ICT usage level. Therefore, the
penetration of medium and advanced ICT uses is basically more relevant basically in the
high technology industry (with 22.9% of companies with medium ICT uses and 8.6% of
companies with high ICT uses). Companies of the intensive knowledge services follow the
firms of the information industry in application of advanced ICT uses (5.7% of Catalan com-
panies).
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Figure 18. ICT uses in value elements of Catalan companies by size
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Figure 19. ICT uses in Catalan companies by sectors
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Figure 20. ICT uses in Catalan companies by size
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On the other hand, different patterns of behaviour can be certainly observed when
analysing the company size. Companies with less than ten employees generally reflect low
ICT usage levels (between 73.3% and 75.2%). A significant percentage of small companies
with more than ten employees (32.9%) and medium-sized companies (41.1%) make a medi-
um use of ICT in their organisation. Lastly, most of the large companies reflect medium and
advanced uses (44.4% of large companies show this use typology).

Finally, concerning the attitudes associated to ICT use, 89.2% of companies consider
that ICT implementation and use transform their business activity. These transformations in
the business activity imply, to a greater or lesser extent, increases in productivity, competi-
tiveness, profits and individual relationships. Even in an initial stage, the use of basic ICT is
generalised and extended (except, for example, the e-mail and the Internet connection).
Moreover, taking into account the main advantages of these uses, it is possible to think
about a progressive increase of the transformation aiming at organising the company as a
network both internally and externally (the network firm).
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2
AN ANALYTICAL APPROACH FOCUSED ON E-BUSINESS
AND THE NETWORK FIRM

As commented in the methodological introduction of this report, the primary objective was

analytical. That is, our main intention is to study business transformations linked to digital
technology uses. However, as it often occurs when studying the economic and social reality,
its implications are of a much more complex nature than a simple unidirectional relationship.

Thus, it is more than evident that the study of the digital impact on companies cannot be iso-
lated either from the deeper processes in which it is involved, or from the structure and form of
the economic agent object of our study. In other words, strategic, organisational and produc-

tion changes in Catalan business associated to ICT uses cannot be interpreted in all their com-
plexity without prior analysis of the impact on production, distribution, exchange and con-
sumption of the main engine of this transformation: the globalisation of the economic activity.

However, we should bear in mind that Catalan firms have certain highly defined features that
doubtless lead towards the knowledge economy. Actually, the main objectives of the previous

sections of this report have been to describe and characterise the current situation of the
Catalan firms, to study the equipment levels and the main ICT uses and to explain the trans-
formations of each value element of the business activity. Below we will go further and we will

analyse the impact of ICT uses on the four main aspects of any productive activity. That is, the
two productive factors (capital and labour), the incorporation of technical change and the
results of its organisational and productive practice, putting special emphasis on productivity.

We have built two synthetic indicators: ICT uses and Internet equipment to contrast the
impact of the digital uses on these four crucial elements of the business activity. In terms of
ICT uses, its construction was carried out in four phases. In the first stage, we generated five

intermediate variables that gathered different ICT registered business uses. Specifically, pro-
duction planning (which we call operations), planning related to suppliers and distributors
(operations 2), integrated systems for managing information on demand (marketing), account-

ing and invoicing systems, wage payments and access to an Intranet (organisation and basic
human resources) and data management systems, executive information systems (EIS) and

enterprise resource planning (ERP) systems (organisation and complex human resources). In
the second stage, these five indicators were split into the values 0 (insufficient use) and 1 (suf-
ficient use) as follows: the operations indicator takes the value 1 if it is present and the value 0

if it is not. The indicator 2 of operations takes the value 1 (sufficient use) if the company plans
with suppliers and/or distributors, and the value 0 (insufficient use) if it does not plan produc-
tion either with suppliers or distributors. The marketing indicator takes the value 1 (sufficient

use) if the company uses such systems and the value 0 (insufficient use) if it does not. The
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organisation and basic human resources indicator takes the value 1 (sufficient use) if the com-
pany uses operational accounting and invoicing systems, wage payment systems via ICT use
and internal digital communications systems, and takes the value 0 (insufficient use) if it does
not use accounting and invoicing systems and/or wage payment systems and/or internal
communications systems. Finally, the organisation and complex human resources indicator
takes the value 1 (sufficient use) if it uses two of the following three systems: data manage-
ment systems or programs, executive information tools or enterprise resource planning sys-
tems; and it takes value 0 (insufficient use) if it does not use any or only one of the following
systems: data management systems or programs, executive information tools or enterprise
resource planning systems. In the third stage, after dichotomizing the five sub-indicators
obtained, they are added. Therefore, we obtained the values of 0, 1, 2, 3, 4 and 5. In the fourth
and last stage, we have built an aggregated indicator that includes the re-codified five values
obtained in the previous stage. It takes the values 0 and 1 when the ICT uses are low, the val-
ues 2 and 3 when the companies present medium ICT uses and the values 4 and 5 when the
use of ICT is advanced. On the other hand, we have built the equipment and the Internet uses
indicator as well. This indicator uses four values, depending on the Internet equipment and its
business uses. The very low level corresponds to those companies that have no Internet con-
nection, the low level to those firms that do have Internet connection but not website, the nor-
mal level relates to the firms having narrow-band Internet connection and website, and finally,
the advanced level is present in those firms with broadband Internet connection and website.

2.1. ICT AND CAPITAL: TOWARDS INTANGIBLE INVESTMENT AND FINANCIAL

EQUILIBRIUM

We indicated that the investment and financing cycle defines the circuit of the financial
resources in the company’s economic activity. Production application of ICT affects the con-
figuration of this flow from a dynamic and a static perspective. In fact, the improvements in
the management and the capability to generate relevant economic and financial information,
as well as communication developments of the agents participating in the business capital-
ization process, set up the basis of an accelerated transformation of saving into financing, and
of its ulterior conversion into production applications. These implications on the capitalization
of the cycle dynamics become static assets. From the point of view of the financial structure,
ICT influence in the potential ability of the company to tend to a more balanced financial com-
position, in terms of the relative costs of the obtained resources. Moreover, from the point of
view of the economic structure, ICT influence the nature of investments, which progressively
becomes intangible. ICT also influence the functionality (application) of these investments. To
evidence the transformations of the capitalization process of Catalan firms linked to ICT uses,
below we revise the ideas described in the section on investment and financial flow and we
analyse its behaviour according to ICT and Internet equipment uses.
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From the ICT use point of view there is a growing relationship between usage levels and
the perceived speed of investment and financing flow. In spite of that, this positive relation is
not obvious, partly because the companies with advanced ICT uses have already integrated
their effects into their management indicators, which form part of their normal reference
framework. Additionally, when we focus on Internet equipment and uses, we reach an impor-
tant conclusion: one of the channels for viewing the synergic effects of ICT on the business
activity is its use in investment and financing mechanisms. In fact, a clear pattern of behav-
iour can be detected in companies with low and advanced levels of Internet equipment.
Most of such firms consider that ICT do not contribute to reduce the exploitation cycle. In
contrast, a higher percentage of companies with very low and normal equipment levels con-
sider that ICT do allow them to invest and finance more quickly.

On the other hand, we also wondered whether there is any difference between the origins
of the financing means of Catalan companies given the use, more or less important, of ICT. On
average, close to 20% of the financing sources in Catalan firms come from company owners:
the shareholders. The data obtained indicate that ICT usage level is not a discriminating vari-
able when analysing a company’s financial structure. However, it should be stressed that it is
the companies with lower ICT uses that more often have to rely on external financing, since
they present the lowest percentage of self-financing (17.5%). Nevertheless, there is a statisti-
cal significance between Internet equipment and the structure of financing. In fact, the data
seem to indicate an inverse relationship between financing with own funds and Internet
equipment levels. That is, as Internet equipment is reduced, the participation of company
owners increases. Yet, as occurred with cycle speed, companies with an advanced Internet
equipment level (around 3% of all Catalan companies) break the trend, possessing a financial
structure with an own resources level that is clearly higher than the Catalan average (25.6%).
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Figure 21. The investment and financial cycle and Internet equipment in Catalan companies
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From the descriptive analysis we guessed that a greater integration of digital technolo-
gies allows a company to obtain external funding at a lower cost. Actually, if we look at the
cost of external funding of Catalan companies depending on Internet equipment, we can see
a cost reduction in external resources as the level of Internet equipment increases. In this
sense, the financial cost borne by companies that still have not incorporated this equipment
is four times higher than the one immediately above (that is, those companies that have
access to the Internet but do not have website).
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Figure 22. Own funds and Internet equipment in Catalan companies
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Figure 23. The cost of financing and Internet equipment in Catalan companies
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The funding cost is an element that clearly conditions the degree of debt of a company.
In an initial approach, it is logical to analyse whether there is a relationship between these
two variables. As expected, the data show that the lower the cost of external funds, the more
necessary it is to rely on external financing. Therefore, we can state that the lower the
Internet equipment level, the higher the cost of external resources and, consequently, the
lower the debt percentage. In order to go further in the analysis of the business debt dynam-
ics depending on digital uses, we have broken it down according to its temporal structure.
That is the long-term maturity date, of more than one year, and short-term debt of less than
a year. With this aim we use the long term rate payable/total payable. In that respect, it is
important to indicate that the higher the long-term debt, the better the company’s financial
situation is. The data obtained show that Catalan firms present a significant predominance of
short-term debt. As far as ICT use is concerned and, in spite of the fact that Internet equip-
ment is statistically significant in relation to this ratio, there is no visible causal relationship
between an increase in Internet uses and the debt level.

To finalise the analysis of the financial structure in Catalan companies and its relation-
ship to ICT uses, below we analyse whether there is the necessary correlation between
financial resources and business investments, so as to satisfy payment obligations when
maturing. We will use two ratios: the ratio of circulating assets/current liability (technical sol-
vency) and the ratio of treasury/current liability. The data obtained for technical solvency
show that Catalan firms present a slightly higher ratio to which is considered as the normal
interval (from 2 to 2.5 points). Therefore, we can state that in general terms the transforma-
tion of the investments into cash enables facing the different financing sources, taking into
account that they will expire. Even though the Internet equipment variable is statistically sig-
nificant, we do not find any causal relationship between an increase in intensity of this equip-
ment and a difference in the degree of the technical solvency ratio. The second ratio we
analysed is the treasury/current liability. Digital crossover shows that both the ICT use vari-
able and the Internet equipment variable are statistically significant. The Catalan business
average is 0.9 points, a value that is once again slightly higher than the interval considered
normal (situated between 0.2 and 0.3). At an aggregated level it indicates an excess of
immediate cash and therefore a potential loss of financial income. If we make the analysis
from the point of view of ICT uses, we see a reduction of the ratio as the usage level increas-
es. ICT incorporation into business management seems to be associated to adjusted treas-
ury forecasts and to a prompt detection of deviations. This fact allows reliable planning for
treasury excesses which are invested, instead of lying idle, thus generating an additional
gain and improving the global profitability. Indeed, as ICT uses increase, so does the invest-
ment in financial assets. However, the profitability obtained from these assets does not fol-
low so clearly this increasing trend.
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After analysing the financial funds of the Catalan firms and how the ICT influence the
composition of the financial structure, below we will see the repercussion of the digital
impact on the economic structure of the companies. From this perspective, we wanted to
verify whether the digital intensity is caused by a change in the investment nature. Therefore,
we will focus on investment in intangible assets as a mechanism for improving the econom-
ic profitability of both production investments and as a basis of the efficiency of the produc-
tion activity. At this stage, it is important to note that most companies’ economic structures
do not include financial activity as their final aim. It is rather the opposite: production assets
represent over the 90% of global applications in the representative Catalan company. For the
Internet equipment parameters and ICT uses, the data obtained on Catalan firms show that
an increase in participation in financial assets is parallel to the increase in company ICT uses.
This fact seems to be related to the improvement in treasury management when possessing
more advanced Internet equipment or achieving more intensive ICT uses. In relation with the
ratio intangible fixed assets/total assets, approximately 20% of the total productive infra-
structure in Catalan companies corresponds to intangible nature elements. From an ICT
usage-level analysis, it is important to point out the clear increase in investment percentage
in intangible assets, as ICT use level intensifies.

Figure 24. Treasury management and ICT uses in Catalan companies
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Next we deal with the second effect detected in business investments: a reduced invest-
ment in financial assets thanks to the possibilities the ICT offer for improving performance in
these applications. Indeed, Catalan firms maintain a reduced immobilisation in financial
assets: on average, 8% of the total of its financial funds. The data obtained show an increase
in financial investments as investment in Internet equipment levels increases. However, we
stress that companies with normal equipment levels break this upward trend, as they reflect
the lowest investment percentage in financial assets.

On the other hand, through the financial intangible assets/financial assets ratio, we can
trace the weight of long-term financial investments over the total financial applications. In
that respect, the data obtained from Catalan companies show that almost the whole set of
financial assets has an expiring date of less than one year. From the digital impact perspec-
tive, this trend towards the short term is not surprising when taking into account the main
ICT uses, in supporting the infrastructure value element, which have a clear direct effect.
Furthermore, when analysing data, it can be seen that the average profitability of financial
investments in Catalan firms is around 20%. Segmentation in accordance with ICT uses
shows a clear differential between low use levels and medium and high use levels. It seems
to suggest that investing in ICT brings incremental profits derived from the application of
resources on financial assets. Lastly, we contrast the idea of external financing from the
optimisation of the relative cost from the two digital impact perspectives. According to
Internet equipment, we can observe that, in most of the cases, the idea of this optimisation
is accomplished, with differentials of more than 15% in companies with a low and normal
level of equipment. It should be outlined the negative differential in companies with a very
low level of equipment, with a cost of 18.9% and with almost non-existent profits. However,
if we focus on the ICT use levels, the compliance is positive in the three levels without
exception.
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Figure 25. Intangible assets and ICT uses in Catalan companies
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2.2. ICT AND LABOUR: TOWARDS SELF-PROGRAMMING WORK AND WAGE

IMPROVEMENT

The impact of technological change on employment is the combined result of innova-
tions in the different productive branches, of specific conditions in the labour market and of
the institutional framework in which economic activity is developed. When a company inten-
sifies its knowledge use, it is innovating and this implies an increase in employment. The
effects on the whole labour market are indirect and are carried over into other sectors.
Therefore, loss of employment due to technological change tends to be centred in the man-
ufacturing sector workforce and on less qualified employees, while new positions demand
higher qualifications and are concentrated in services. The final impact is positive when there
are the necessary conditions that permit and efficient transition, principally the macro-eco-
nomic stability and the micro-economic efficiency, and furthermore, these conditions are
combined with the necessary adaptations to the changing labour market and the institutions
influencing it.

Jordi Vilaseca / Joan Torrent

60

Figure 26. Financial performance and ICT uses in Catalan companies
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Currently, the adaptation to the new global frequency and changing demand through ICT
use is two-sided, and it could be represented by the dichotomies that the generalisation of
the enterprise and the network generate on the economic aspect of working. Indeed, the
consolidation of new production schemes is not only a synonym for stable and qualified
work, but additionally digital technologies are used to endanger and disqualify work. As it
has occurred in any other moment of technical change, we can currently identify three con-
tradictions that the impact of globalisation and ICT produce in the workforce. Firstly, a three-
fold process in substituting skills, leading to a) a change in the capabilities demanded by the
labour market, from the most to least manual; b) a liberalisation of working time through
immediate productivity increases generated by the introduction of ICT; and c) a generation of
new routine tasks and generic work linked to the capabilities and the core production sectors
of the information industry. It is this complex and interactive process of generation/substitu-
tion of skills that establishes the second dichotomy of the labour market: self-programming
work versus generic work. Depending on the required skills and the company’s organisation-
al and productive schemes, work either acquires the features of qualified, operatively flexible
work, or it will be unqualified and lacking of self-programming capabilities. Lastly, the third
dichotomy is established between stable and defined labour relations and a more widely
defined and flexible relationship framework between employers and employees with new
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Figure 27. Gross average wage per employee in Catalan companies by activity sector
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commitments and values to be assumed. It should be noted that in the long term the balance
has always tipped towards an intensification of knowledge presence in the labour market if
the economic conditioners of efficiency and flexibility are present, and the institutional deter-
miners promoting the current change are coordinated in the same direction. In order to
understand this set of transformations in the Catalan firms, we will make use of the descrip-
tion given in the section on human resources of this report and we will analyse the correla-
tions between wages determination and intensive technology uses.

The data obtained on average wage show that employee salary in Catalan companies is
situated at around 18,000 euros gross per year. In spite of that, the differences existing
between different activity branches are significant. In industry, wages differ by 22% from the
average perceived in the high technology industry compared to the low technology industry.
In the same way, the difference existing in services between the tertiary branches of inten-
sive knowledge use and those not belonging to that branch is around 14.5%. This analysis of
the wage structure seems to confirm the existence of a premium wage for employees in the
production sectors using technology and knowledge more intensively. On the other hand, it
should be mentioned that wage differences are not statistically significant from the company
size viewpoint, even though the highest wages are paid in largest companies. Concerning
the growth in Internet equipment used by Catalan companies, there is a clear wage differ-
ence according to this technological variable. Indeed, companies having very low Internet
equipments have an average wage under 14,000 euros gross per year, which implies a 25%
difference compared to the average wage of the Catalan business sector. On the contrary,
companies owning advanced Internet equipments have average wages of over 19,000 euros
per year, which implies a differential of more than 9% with respect to the total average wage
and 45% compared to the very low Internet uses. Furthermore, wage dispersion, measured
by the typical deviation, increases with Internet equipment.
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On the other hand, the data show that there is a significant effect on productivity per
employee on the average gross wage per employee. In other words, everything seems to
indicate that it is possible to establish a direct and positive relationship between wage and
productivity per employees (a productivity increase of one percent implies a wage increase
of 0.2 points for the whole Catalan business sector). Furthermore, disaggregating the indus-
try by technological intensity shows that this effect is greater as wages increase, as for
example in the information industry and high technology industry. Therefore, in the case of
the high technology industry, a productivity increase of one percent can be translated as a
wage increase of almost 0.5 percent (three decimals above the Catalan average). It is worth
mentioning that this relationship is not satisfied by all medium technology companies. This
perspective should be interpreted within an analysis of a transversal nature, so that the lack
of significance of these industries may denote structural or conjuncture overall changes in
these same companies.

After analysing the effect of the activity sector on wages, the effect of Internet equipment
and the effect of productivity per employee, next we will focus on the effect of the same vari-
able on the total factors productivity. In the same way, we will contrast the double causality
that exists between productivity and wages. The aim of this contrast is to prove that interac-
tion between productivity increases and wages operates in a virtuous circle through which
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Figure 28. The gross average wage per employee and Internet equipment in Catalan companies
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an incremental relationship becomes evident. There is no doubt that training is the core on
which this interaction is based. For this reason, we built a variable that allows us to identify
wages according to training type. Specifically, we analysed two variables: the annual gross
wage for companies that affirm to have employees currently following a training in homolo-
gated face-to-face courses and the annual gross wage for companies which declare having
employees currently following a training in homologated virtual courses (e-learning).
Furthermore, we segmented the company sample according to those firms using ICT the
most (medium and advanced uses) and those with lesser digital intensity (low ICT uses) to
better understand the digital impact.

As it comes for companies with more intensive ICT use, we see a clear correlation of
wages on the total factors productivity. However, this effect is very different depending on
the activity sector and the training type. So, as technological intensity or knowledge stock
increases, the effect of wages on the productivity of those companies employing electronic
methods to train their employees is clearly higher. Furthermore, in the low technology indus-
try and in the less intensive knowledge services, the effect of e-learning is negative. In other
words, in companies with high technological intensity, e-learning generates, through wages,
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Figure 29. Effect of gross average wage per employee on productivity per employee
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higher productivity increases than those generated by face-to-face training. On the contrary,
in companies with less technological intensity, it is face-to-face training (in detriment of e-
learning) that generates a higher increase in productivity. When companies make a low
usage of ICT, it generates an effect on the sector completely different to which we saw in the
case of medium and high uses. On the one hand, both in the case of e-learning and face-to-
face training, the effect through wages is significant. However, in the case of the industry, this
effect is not significant. Instead, in the case of the services, companies with a higher number
of employees being trained in face-to-face environments have clearly positive and significant
effects on productivity, which increases with the intensity of knowledge.
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Figure 30. Effect of average gross wage per employee on total productivity of factors in Catalan

companies with medium and high ICT uses
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2.3. ICT AND INNOVATION: TOWARDS A CONTINUAL LEARNING 

AND GROWTH PROCESS

Currently, innovation is the main engine of change in companies and in the whole econ-
omy. In an environment of globalisation and open competition, knowledge and the develop-
ment of intangible assets become highly valuable competition factors. Therefore, in this
knowledge-based economy innovation plays a specific role. The main agent for innovation
in a market economy is the firm, even though public policies can also reinforce the genera-
tion and economic application of knowledge into the business activity. However, innovation
is a complex concept with many different meanings. On the one hand, this is due to the
existing relationship between innovative processes and the presence of intangible assets
such as investment in R+D+I or in human capital. Nevertheless, we currently understand
innovative processes from a wider perspective: innovation is a learning process based on
the productive application of knowledge. Consequently, it is a complex process, fed by

Jordi Vilaseca / Joan Torrent

66

Figure 31. Effect of average gross wage per employee on the total factors productivity total in

Catalan companies with low ICT uses
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both tacit and observable knowledge, and influenced by both a wide range of internal com-
pany factors and other external factors, coming from its environment. Moreover, this
process results from highly formalised and informal processes, it benefits from competition
and co-operation between companies or institutions, and gives rise to radical technological
changes and small incremental improvements that increase the implementation of the
existing technologies.

The particularities of the Catalan business reality, as a productive structure charac-
terised by the large predominance of small-sized enterprises, stimulate innovations resulting
of two conjunctions: the assimilation of new external knowledge and technologies or the
result of internal but not much formalised company processes. Thus, they lead to continual
and incremental improvements rather than radical changes in their stock of scientific and
technical knowledge. Therefore, the accumulated stock of specific and observable knowl-
edge is probably almost as important as the tacit knowledge provided by employees in their
workplace when considering the innovative development of Catalan firms. Consequently,
within the system of Catalan innovation, the nature of the production landscape means that
both environmental features and the particularities of internal innovative business processes
are highly transcendental. This fact has direct consequences on the potential to generate
innovations endogenously and on the potential to assimilate new technologies and knowl-
edge from outside. In conclusion, as we did for both capital and labour, in order to analyse
the ICT impact on the business innovation process, we will return to the ideas described in
the section corresponding to this value element and study the transformations linked to the
digital impact.

A primary element we want to highlight is that ICT use, as an innovation means, favours
the network organisation of Catalan companies. This is basically due to a three-fold reason.
Firstly, because ICT stimulate innovative dynamism in reducing partially the existing obsta-
cles to innovation and making interactions between the agents involved in the innovative
process —those both inside and outside the company— more efficient. Secondly, ICT mod-
ify the nature of the innovations and allow the development of more sophisticated and inter-
dependent innovative processes. Thirdly, because the complexity of innovative processes
induced by ICT means that their use can be considered a sustainable competitive advantage
only if these technologies are used in an integrated structure with the available resources
and capacities.
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The availability of knowledge and material and immaterial resources, how they are struc-
tured and managed and the quality of the environment of each company will determine the
result of its innovative process. Therefore, it becomes necessary to observe the innovative
activity in Catalan companies from the perspective of their internal and external determi-
nants and their consequences for the company. Firstly, we should analyse whether innova-
tive dynamism is related to the sophistication level of ICT uses inside the company, apart
from being used as a mean of innovation. The results obtained confirm the strict relationship
between a medium and a high level of ICT uses and the development of innovations with the
support of these technologies. The use made by Catalan firms of the new information and
communication technologies to carry out organisation management, operations, marketing
or human resources more efficient, provides a cultural change in the heart of the company
and stimulates more innovative behaviour.

Likewise, it can be expected that the Internet use becomes a stimulatory factor of the
innovative dynamism of the company, insofar the innovation depends on knowledge gener-
ation and it is favourably influenced by both the access to information and the network effect
of greater facility to interact with the environment. The existence of a strict correspondence
between innovation and the Internet use has been clearly confirmed. Catalan companies
with more advanced Internet equipment levels are clearly more innovative. Probably, this
effect is the result not only of the innovation represented by the introduction of the Internet
into the company, but also of the fact that the company can participate for the first time or
can turn its participation into a more efficient contribution in cooperative networks based on

Jordi Vilaseca / Joan Torrent

68

Figure 32. Innovative dynamism in Catalan companies and ICT uses
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shared development of innovations. The latter would be principally the paradigmatic case of
smaller companies that compensate their deficit in economic resources and the lack of a
specific department of R+D+I by participating in efforts, risks and means in a cooperative
network in order to innovate.

With the consolidation of the knowledge economy, innovative dynamism can also be
influenced by organisational change within the company. It can be expected that organisa-
tion through processes influences favourably the company’s innovative process, as it uses
flexible work teams and adaptable to the different company’s business lines and the super-
vision of work is based on objectives and on results. Indeed, this is the case of the compa-
nies with strong tendency to innovate. That is the case of those companies that conjointly
and continually renew their products and processes (highly innovative companies), and of
companies that accompany product and process innovation with changes in their organisa-
tional structure (that is, highly innovative companies) as well. The results show how organi-
sational change is slowly being introduced into Catalan firms. However, its advance is more
intense in companies developing more complex and sophisticated innovation processes.
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Figure 33. The innovative dynamism of Catalan companies and Internet equipment
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Other internal factors also condition the success of the business innovation process,
and possessing an R+D+I department is one of the most important ones. Only one out of
every six Catalan companies has a specific section dedicated to the research and develop-
ment of innovations. This relatively scarce presence is a direct consequence of the Catalan
productive structure, with predominance of small companies and less intensive knowledge
activities. Nevertheless, a significant part of the Catalan industry, especially the most intense
technologically, has advanced very positively in the systematic and endogenous develop-
ment of new knowledge from the formalisation of these research structures. The results
obtained confirm that the formalisation of research structures in Catalan companies is a
highly powerful incentive for directing innovative processes in a continuous and interactive
form, especially appropriate for developing more complex innovations. Therefore, the pres-
ence of these departments has had a direct influence on the innovation processes of the
Catalan firms. One of every three companies that in the last two years has innovated both in
its product or service range and in its productive process has an R+D+I department. This is
also the case of a quarter of the companies that have introduced organisational improve-
ments simultaneously.

The typical scale economies of these departments, with significant fixed costs and
medium-term returns, explain many of the differences between business segments. These
economic factors therefore would suggest the existence of a certain necessary size thresh-
old for creating an R+D+I department. Thus, research returns could be more significant and

Jordi Vilaseca / Joan Torrent

70

Figure 34. Innovative dynamism in Catalan companies and organisational change
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permit to develop more sustainable competitive advantages over time. In spite of that, the
initial investment cost, the tendency to focus on strictly short term benefits as well as daily
pressure mean that the formalisation and systemisation of research in many small Catalan
enterprises is roughly reduced. Therefore, larger companies are more likely to generate new
knowledge endogenously, whereas the innovation processes of smaller companies depends
on the support they receive from their immediate environment and therefore on their capaci-
ty to benefit from the effects of networking through cooperation. The results obtained con-
firm that there is a close correlation between company size, business dynamism and innova-
tion complexity.

While the availability of a specific research department is a critical variable in the devel-
opment and commercialisation of new products as well as in the redefinition of production
processes, almost half of innovative companies (48%) declare that their innovations are the
product of activities performed by the company’s own personnel, albeit personnel not exclu-
sively dedicated to research tasks. This fact shows the presence of informal innovation,
probably based more on continual and incremental improvements than on radical changes in
the company’s stock of scientific and technical knowledge. In that respect, the transcen-
dence of tacit knowledge in Catalan firms becomes obvious, as the development of innova-
tions appears to be in large part due to continual effort and not exclusively to the accumulat-
ed stock of specific and observable knowledge. The data seem to confirm this. The
predominance of non-specialised internal personnel as a source of innovation based on ICT
in Catalan companies is revealed in all innovative companies regardless of their size. In gen-
eral, it can be stated that the most dynamic small and medium-sized enterprises base their
innovation more on this determining factor. However, the differences between companies are
not very significant. Human capital, with the knowledge acquired and developed within the
company, is revealed as an essential determiner of the Catalan companies’ innovation
process. Therefore it can be expected that innovative dynamism is closely related to the edu-
cational level and qualifications of all company employees, not strictly of its management
team. Actually, companies with higher employee qualification levels show a higher tendency
to innovate continuously. Training based on higher education enriches the stock of specific
knowledge in the company and is one of the inductive mechanisms of the business innova-
tion process.
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Furthermore, it can also be expected that if in the knowledge economy the creativity and
the development of talent are the key factors, then work will become continually more self-
programming. In that case, the aim is to allow employees to continually reprogram them-
selves in terms of new skills and abilities required by the competences in the workplace they
occupy at all times. In this line, continual and customised training within the company
becomes a decisive element for improving the stock of scientific and technical knowledge
that must favour innovative development. The results obtained confirm continual training
within the company as one of the decisive aspects of innovative dynamism. Moreover, the
results reflect the importance of the role e-learning plays as an instrument for recycling and
continual learning throughout one’s professional career. Innovative companies are charac-
terised by making use of e-learning. Extremely significantly, the correlation between the two
variables is very high. Lastly, there are more employee self-training initiatives in companies
that develop independent and more complex innovative processes.
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Figure 35. Innovation and Catalan company size
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Figure 36. Innovative dynamism and level of homologated employee training in Catalan 

companies
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Figure 37. Innovative dynamism and level of continuous, made-to-measure training for employees

in Catalan companies
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These internal determiners explain how ICT use affects positively the behaviour of busi-
ness innovation processes. Likewise, it should be borne in mind that a system of innovation
is not only based on business activities aimed at developing new products, services or
processes. The capacity of innovation in companies is also influenced by the organisation of
the supplier-customer chain and by the quality of the company’s interactions with its envi-
ronment. The previous analysis has shown how Catalan innovative business dynamism is
strictly linked to company size. In general, it is large companies that promote the most
sophisticated and complex innovation projects. However, the system of innovation in
Catalonia heavily overlaps the external conditions in which companies develop their activi-
ties, due to the smaller average business size. One of the main positive effects of ICT use as
an innovation means is the incentive it represents for Catalan companies to build new coop-
eration networks or to make the existing more efficient.

Indeed, the effects of networking, associated to the use of these technologies in the
business innovation process, appear to be significant mainly when developing more com-
plex innovations. In the last two years in Catalonia almost 40% of product innovations that
have been accompanied with changes in the production process and half of integral innova-
tions have been carried out in collaboration with other companies or institutions. In particu-
lar, cooperation seems to have been strategic for highly innovative companies. The innova-
tions that affect the value chain have been one of the most significant transformations of
technological change into development of competitive advantages for the most innovative
Catalan companies. The cooperation with innovation centres has been less intensive, but it
appears to have been important in developing highly complex innovations. Instead, cooper-
ation between competing companies is still an extremely minor activity in the Catalan pro-
ductive network.
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Figure 38. Cooperation in innovation between Catalan companies
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Therefore, it can be confirmed that the way the relationship between companies, suppli-
ers and customers is organised affects directly their innovation capacity. Likely, ICT have sig-
nificantly favoured interactions throughout the entire value chain, in such a way that a work-
ing method with a tendency for innovation based on continuous improvement is
encouraged. Thus, it can be deduced that the success causes of innovation include as well
the efficiency of the value chain and the orientation of innovations towards the customer.
These technologies facilitate the development of the network firm, not only in terms of their
internal organisation, but also of their interactions with companies and institutions they col-
laborate and share interests with. Cooperation throughout the supplier-customer chain for
developing innovations will attempt to achieve more efficient production, product or service
improvements, a complementary technological level, more production flexibility, and more
information on customer needs. It will also try to develop product differentiation strategies
through faster reactions to demand changes. All these strategies are critical for competitive-
ness in the knowledge economy, yet their success demands shared objectives and close
contact between all the members of the chain. As ICT can allow frequent, faster and efficient
interactions, complicities can be consolidated since they favour teamwork.

Insofar as innovation based on ICT use allows the development of more complex com-
petitive factors, as well as with more potential for competitors’ differentiation, it could be
expected that the most innovative companies develop sophisticated competitive strategies,
different from the product cost. These strategies should allow them to reach more favourable
records in terms of external markets penetration and economic returns. Indeed, the data
obtained make clear that innovative companies show much more advanced degrees of inter-
nationalisation and that the development of complex innovations is accompanied with a
greater company predisposition to open new export markets.

This greater presence in international markets must necessarily be linked to the devel-
opment of competitive strategies in a global environment. As stated earlier, ICT make the
innovation process more dynamic, but also more interactive and interdependent. Thus, the
most competitive companies turn continual innovation into a crucial strategic factor, as it
allows them to develop competitive strategies based on advanced technological applica-
tions and frequent quality improvements of the products and services they offer to the mar-
ket. Therefore, the constant development of innovations reinforces the company’s market
position in relation to their competitors and allows it to enjoy the benefits of technological
leadership, rapidly reducing the technological and product life cycles. Thus, the results
obtained confirm that innovations based on ICT use have encouraged the development of
more sophisticated differentiation strategies based on technological or brand leadership. On
the other hand, companies that compete by developing niche markets based on narrow spe-
cialisation or on high product or service quality, preferably develop innovations that combine
the introduction of new products with the redefinition of their processes and, many times,
with organisational changes.
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Finally, the economic impact of innovations based on ICT is revealed when we look at
the more favourable returns that innovative companies obtain in terms of a higher total fac-
tors productivity, higher assets rotation and higher income on their own (or financial)
resources. Indeed, the strategic use of these technologies leads to improvements in efficien-
cy and it helps to make resources more productive and makes the business more profitable,
although the most favourable effects are generally obtained when the innovation process
incorporates organisational changes as well. Therefore, business innovation becomes a high
important mechanism for growth and progress in Catalan companies. Even though a consid-
erable part of the productive network of the country still does not use ICT as an innovative
means, according to the data obtained we can conclude that the effects these technologies
have had on the innovation process, on competitiveness and on return of innovative compa-
nies were significant.
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Figure 39. Innovation and internationalisation of Catalan companies
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Figure 40. Innovation and competitive strategy in Catalan companies
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Figure 41. Innovation and productivity in Catalan companies
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2.4. ICT AND BUSINESS RESULTS: CLARIFYING THE PRODUCTIVITY

PARADOX

The functioning of the progressive consolidation of a new type of economy is based on the
massive incorporation of knowledge into the economic activity. We previously indicated that
one of the main signs of this progressive consolidation is the significant productivity increas-
es that, initially in the USA, and later in other Western economies, have been registered. This
upward trend of product growth per capita has been accompanied by an intense academic
debate on the sources and sustainability of this growth.23 From a theoretical perspective, a
consensus on the sources of economic growth seems to have been achieved. However, the
problems in finding an accurate measure for productivity are still present in practice.
According to the professor Gordon (2003): «There is no macro-economic magnitude more sig-
nificant for the future evolution of an economy than productivity growth, yet neither there is
any macro-economic magnitude so difficult to foresee». This difficulty occurs for at least three
reasons. The first reason is due to the high percentage of employment in services. It is no
secret that official statistics work well when the merchandise to be measured is a tangible
market product both in physical and monetary units. However, official measurement of pro-
ductivity begins to fluctuate as the output becomes more difficult to measure. This is the case
of services in general and of the public services in particular, as well as the case of the econ-
omy when it becomes tertiary and it is combined with a progressive intangibility of the mer-
chandise subject to economic transaction. Secondly, as companies make progress in net-
working organisation, the difficulty in gaining productivity increases throughout the value
chain of reticular and globalised organisations is more and more difficult. Lastly, we note the
mismatch between technological revolutions and their productive impact. Technology history
has shown time after time that the temporal leap between the discovery of an invention, its
productive generalisation and the consequent productivity increase can be enormous. In the
specific case of digital technologies, everything seems to indicate that we are under the
effects of the first of a number of investment waves, which will set the basis for significant
future productivity growths. Yet, statistical improvements and official USA measurement sug-
gest a quantitative leap in productivity increase in this country from the late nineties, which
would be linked to the massive investment in ICT and to an organisational change based on
networking. This productivity increase has a cadence that echoes from the productive core of
the economic transformation24 into all other activity branches.25 To sum up, investment in ICT

23. For a complete perspective, see the works of Gordon (1999; 2000; 2003), Jorgenson and Stiroh (2001), Oliner and
Sichel (2000), Council of Economic Advisers (2001; 2002), Stiroh (2001), Baily and Lawrence (2001), Nordhaus (2001),
Department of Labour, USA (2002) and Feldstein (2003) for the USA, and Schreyer (2000), Scarpetta, Bassanini, Pilat
and Schreyer (2000), Colecchia and Schreyer (2001), Pilat and Lee (2001), Van Ark (2001), BCE (2001), Milana and Zeli
(2002) and Van Ark, Inklaar and McGuckin (2002) for other economies.
24. The empirical studies carried out (IMF, 2001) suggest that productivity increases in the computer industry during
the nineties are around 25%.
25. For several years economists at the centre for e-business at MIT (http://ebusiness.mit.edu) observed, for a total
of 600 large companies in the USA, that between 1987 and 1994, internal company decentralisation and the adoption
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and organisational restructuring derived from network connection explain a good part of the
labour productivity increase in the USA. The increase of labour productivity was less signifi-
cant in other areas of the world, but it begins to be perceptible, especially all in the
Scandinavian countries, Australia and Canada, and in a lesser degree in other G7 countries
and industrialised Asian countries26 as well.

We already know that one of the most relevant economic indicators for explaining long
term economic growth is labour productivity, understood as the product per employee or,
preferably, per hour worked.27 Productivity can rise as a consequence of an increase of the
available capital per hour worked (intensification of capital use) or by a higher degree of eco-
nomic efficiency, measured through increases in the total factors productivity (TFP). In that
respect, an acceleration of the total factors productivity would be a clear indication of the
existence of a new economy, since productivity increases would not only be explained
through increases in factors stocks, but also would have a significant efficiency leap in the
whole economic system. Even so, opposite to labour productivity, TFP cannot be measured
directly and its estimation is difficult in practice. In fact, economic growth models that
include technological innovation have shown clearly that one of the explanations for the pro-
ductivity paradox (the low significance of capital per capita in explaining economic growth) is
shown precisely by the total factors productivity. This product component per capita is usu-
ally attributed to a wide range of elements, from the impact of technological innovation to the
institutional elements guaranteeing the micro-economic efficiency and the macro-economic
stability.

From the business activity point of view, one of the most widely accepted indicators for
measuring the capacity of the company to obtain long-term positive growth results is its
potentiality for maximising the quantity of merchandise object of the transaction (and, con-
sequently, its market value) with a specific quantity of production factors (and, therefore, a
specific value of productive consumes). In other words, it is the need of the company to min-
imize input costs spent to generate a specific output level. That means that the company’s
productivity index is configured to measure the business capacity to obtain profits ade-
quately and is built on an indirect approach to the generation of value derived from its pro-
ductive activity. Therefore, the productivity index and the company result can be considered
two clearly inter-related micro-economic means of measuring the development of the busi-
ness activity.
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of forms of network organisation became necessary conditions for productivity growth. Lucas (1999) has also shown,
from case studies, that the income from ICT investment is usually essential for company’s approach towards the
product, the process and the market.
26. For more information, see the studies of the Department of Economy of the OECD 
(http://www.oecd.org/dsti/sti/prod/sti_wp.htm).
27. The explanation is very simple. The average number of hours worked per employee has a direct effect when cal-
culating the productivity according to employment (GDP/Employee). In fact, we can break down the ratio (GDP/hours
worked)=(GDP/Employee)*(Employee/Hours worked). In a context of a growing significance of part-time work, the use
of the product per employee would lead to a clear falling bias in productivity figures, as according to this measure all
employees would work the same number of hours, a fact that would increase the denominator and, consequently,
reduce the ratio (GDP/Employee).
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The productivity index, as a micro-economic measure of efficiency achieved by the
company in performing its production activity, is influenced by both the nature of the factors
employed and its own influence in forming the production structure. In that respect, it
seems logical to think a priori that the productive application of ICT, either as tangible cap-
ital (tangible technological infrastructure; that is, equipment and systems), or as intangible
capital (intangible technological infrastructure; that is, computer applications) and/or as raw
material (information) can have an effect on the value of the previously mentioned indi-
cator.28

This direct effect of ICT on productivity increases is not the only effect of this factor on
the productive efficiency process. In fact, a horizontal effect between ICT and the other fac-
tors employed by the company can take place. In this sense, there is certain empirical evi-
dence of the reciprocal effects shown by ICT use, together with other factors in the scope of
the business productive activity. On the one hand, it has been shown that specific business
investment, such as research and development, empowers the emergence of ICT in produc-
tion uses, becoming priority elements of an innovative strategy with clear positive synergies
from the perspective of increasing product generation. On the other hand, it also appears to
be empirically confirmed29 that investment in ICT generates a parallel investment in associ-
ated resources. These resources are usually intangible and related to the requirements of
new professional skills and new organisational methods that guarantee the efficient use of
these technologies.

Finally, it is important to point out the evidence that the effective use of productive ICT
factors requires an organisational adaptation for their efficient use; that is, a cultural change
at all levels of the organisation. These adjustments are neither automatic nor immediate;
therefore they can only become patent if they are instituted over time periods that go beyond
the short term. The explanation for this gradual modification of different organisational mod-
els can be found in the postulations of organisational models based on learning, according
to which the introduction of digital technologies into organisations generally implies a period
of approach, learning and trial of its more efficient uses for a specific productive activity.
Thus, everything seems to indicate that a clear sequence of the possible ICT relationships
with the business productivity rate is outlined. It can be synthesized in the following process:
initially the company should invest in ICT in order to improve the efficiency of the productive
factors; secondly, investment should be spent on learning about the efficient and effective
use of these technologies. Finally, the company’s organisational structure should be adapted
to the new productive reality.

Therefore, we adopt short term productivity as an approach to the company’s potential
to obtain profits. We analyse ICT effects on the behaviour of product per unit produced in
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28. In fact, several studies, basically in the USA, highlight the statistically significant relationship between short and
long term output growth and investment in digital technologies. See Brynjolfsson and Hitt (1993: 2003), Bresnahan,
Brynjolfsson and Hitt (1999) and Hitt (1999).
29. Brynjolfsson and Hitt (2003).
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Catalan business through its uses and the Internet equipment. With this objective, we focus
on two differentiated ways of measuring the productivity index: the total factors productivity,
considered as the relationship between the output level and the level of the inputs labour,
capital, materials consumes and outsourced services. The second measure is the compa-
ny’s gross added value per employee, considered as the added value generated in the com-
pany per labour unit. The first productivity indicator is used to analyse the incidence of ICT
and the Internet equipment on all Catalan business, whereas the second indicator is used to
contrast ICT effects on the different activity sectors and company sizes. The use of this lat-
ter work productivity measuring tool allows a greater degree of homogeneity when evaluat-
ing the productivity in activity sectors which by nature are heterogeneous.
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Figure 42. Total factors productivity and ICT uses of Catalan companies
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Source: own creation.

Net revenue divided by the sum of raw materials consumes, personnel cost 
and capital stock amortisation cost. In euros at 2001 rales
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From the perspective of all Catalan companies it can be confirmed that there is a statis-
tically significant positive relationship between ICT uses, company Internet equipment and
productivity gains. In fact, as Catalan firms intensify the use of the ICT in its production activ-
ity, the productivity derived from the combined use of the different production factors
increases considerably. This rising behaviour goes from a relationship of 1 point in compa-
nies with low ICT uses to 1.02 points in companies with medium ICT uses, and finally, it
reaches 1.05 points in companies with advanced ICT uses. Therefore we possess partial but
sufficient evidence to affirm that ICT use in the productive process improves the efficiency of
the Catalan business activity due to both its direct incidence on generation of outputs and its
indirect effect on other productive factors.
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If we break down the partial incidence of investment and the use of Internet equipment
of Catalan firms to analyse the behaviour of the total factors productivity, we can confirm, as
we did with ICT uses, a global increasing tendency of the productivity index as investment
and the use of this equipment intensify. However, certain intermediate points in this tenden-
cy should be stressed. Benefits from productivity decrease when the company goes from a
low level of Internet equipment use (with a productivity index of 1.02 points) to a normal level
(with an index of 1 point). On the one hand, this circumstance is due to the investment
requirements derived from a new stage of technological change (it should be remembered
here that the difference between the two levels lies in that the normal level has Internet con-
nection and website, while the low level has only access to an Internet connection). On the
other hand, the reason is the need of an adaptation and corporate learning period to reach
an efficient use of these resources. However, once the company has made the leap from a
low level to a normal level of Internet equipment, the data analysed show that important syn-
ergies are produced with highly significant growing returns when the company goes from a
normal level to an advanced investment and equipment use level (with an index of 1.2
points). Those companies having a very low level of Internet equipment show the lowest pro-
ductivity index: a value of 0.9 points.

To complete this initial level of analysis, we would like to check whether cultural and
organisational change required by investment and ICT use to guarantee its efficient contribu-
tion to the productive activity has a partial direct effect on the total factors productivity.
Indeed, the data analysed show there is a positive relationship between the organisational
change in Catalan firms and the gains in productivity. In fact, companies that state not hav-
ing made any change to their organisation have a productivity index of 1 point, below the
1.04 points achieved by companies that have carried out any kind of change. This empirical
evidence reinforces the premise according to which the productive use of the ICT must go
accompanied by an organisational change, usually subsequent and manifested in new ways
of organizing the company’s productive activity.

The second level of our analysis leads us to contrast the relationship types existing
between the level of ICT uses, the level of Internet equipment and its uses, and the produc-
tivity of Catalan firms, which is measured through the gross added value (GAV) per employ-
ee according to the activity sector and company size. We will explain the results of the analy-
sis in an isolated form and we will study the industry separately from the services. That is due
to the significant productive differences and output measurements these two sectors reflect,
in accordance with the differentiated nature of the business activities they group.

In accordance with the effect of ICT use levels on productivity gains, it should be
stressed that in all the industrial sub-sectors with the exception of the medium technology
industry there is a significant increase in the productivity index, when companies turn from a
medium to an advanced ICT use level. Therefore, in general terms, we can state that in the
industrial scope ICT use shows a positive incidence on the scope of productive efficiency.

Jordi Vilaseca / Joan Torrent

82

ICT and transformations NOU.qxd  22/07/2004  9:41  Página 82



ICTs and transformations in Catalan companies

CHAPTER 2 An analytical approach focussed on e-business and the network company 83

Figure 43. Total factors productivity and Internet aquipment in Catalan companies

Source: own creation.

Net revenue divided by the sum of raw materials consumes, personnel cost and
capital stck amortisation cost. In euros at 2001 rales.
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Figure 44. Total factors productivity and organisational change in Catalan companies
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The effects on productivity derived from the transition from low levels to advanced ICT
use levels present three differentiated behaviour patterns. In industries with a high techno-
logical level —the high technology industry and the information industry— a positive rela-
tionship can be seen between intensification in ICT use and productivity gains. This relation-
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ship partly can be attributed to the greater ability of employees to adapt to a higher level of
technological uses. However, it should be stressed that in the case of the information indus-
try, the passage from a low use level to a medium use level implies a small loss in productiv-
ity. Probably this is due to the learning effect, which is the most important skill that this leap
in ICT use intensity requires. In the medium technology industry the intermediate effects are
different. The most significant gains in productivity appear when passing from a low use level
to a medium use level, with no possibility to maintain the synergic effects on productivity
when turning to an advanced use stage. Finally, the low technology industry has its produc-
tivity diluted in the transition from a low to a medium use level. However, it achieves an effi-
ciency increase in the productive application of factors when intensifies the use from consol-
idated medium uses and goes to an advanced ICT use scenario.

Like in the industrial sector, regarding the analysis of the investment incidence and
Internet equipment uses on the productivity value, it should be noted that there is a tenden-
cy to increase the company’s productivity as equipment level and equipment use increase.
This increase is especially significant in the transition from a normal equipment level to an
advanced level, with the single exception of the low technology industry. It can therefore be
affirmed that in general terms the effort in investment intensification and Internet equipment
use in the Catalan industry is compensated by significant increases in productivity.
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Figure 45. Labour productivity in the information industry and in the high technology industry in

Catalonia and ICT uses
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Observation of the broken down analysis of this upward trend in different industries reveals
a series of differentiated features. In the information industry there is a decrease in business
productivity when passing from a low equipment level to a medium level. It is due to the fact
that this leap concentrates the most significant investment and the most extreme adaptation
requirements, which clearly become profitable in the upper stage of more advanced equip-
ment levels. The high technology industry shows this point of adaptation and consequent
descent in the productivity index at a moment prior to the technological capitalisation process.
It specifically occurs in the transition from a very low equipment level to a low level, thus
obtaining incremental gains as the level increases and enters into more advanced stages.

At this point it is worth mentioning the behaviour of the medium technology industry. It
shows a sustained growth of the productivity index as Internet equipment levels increase, as
well as the highest increase of the whole industry when passing from normal to advanced
levels. Therefore, it can be stated that companies of this industry achieve more adequately
the cost-profit balance in the short term, derived from the use of the Internet in the produc-
tive activity. This industry has shown that the better capacity to achieve a more efficient
behaviour of its productive factors is partly explained by the fact that the necessary infra-
structure investment for developing the business activity is more moderate in the medium
technology industry than in the high technology industry or in the information industry. Lastly,
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Figure 46. Labour productivity in medium and low technology industries in Catalonia and ICT uses
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the behaviour of productivity in the low technology industry should be stressed. This indus-
try shows decreasing values when going from a very low to a low equipment level and in the
transition from a normal to a high level. This means that the relative cost of investment and
the necessary organisational adaptation to transcend these levels is higher in this industry
than in other industries.

A specific behaviour pattern can be noticed when only considering the services sector.
On the one hand, and from the analysis of the effect of ICT use on business productivity val-
ues, it can be seen that the most intensive knowledge services do not show relevant pro-
ductivity gains respect the evolution of the ICT use level when passing from a low to a nor-
mal ICT use level. The cause of this situation can be found in the very nature of this service
typology, where a slight impact of this use intensification in the business activity can be
appreciated. However, in the transition from a normal to an advanced use level there is a
clear negative impact on the short term labour productivity values. It is due to two comple-
mentary effects. Firstly, the opportunity cost can be attributed to the need to match person-
nel skills to direct effects on production efficiency. Secondly, the substitution effect of pro-
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Figure 47. Labour productivity in the information industry and in the high technology industry in

Catalonia and Internet equipment
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ductive factors (labour for technology) seems to have a negative incidence on the short term
output value. On the other hand, from the data obtained we can observe a positive relation-
ship between ICT use intensity and productivity values in the less intensive knowledge serv-
ices. Therefore, it is confirmed that a less qualified labour force associated to a lower wage
level permits great productivity returns in the short term. Instead, productivity behaviour due
to the effect of Internet equipment and uses reveals a differentiated behaviour compared to
the case of ICT uses. In this case the analysis reveals a positive tendency towards an
increase in the tertiary productivity index as Internet equipment levels increase. Furthermore,
this growing dynamics does not follow a homogeneous pattern. On the one hand, the data
obtained confirm the productive efficiency in the short term in the less intensive knowledge
services, with a practically sustained growth of the productivity index as equipment levels
increase. On the other hand, it shows that the opportunity cost of investment and organisa-
tional adaptation to the increasing Internet equipment in the intensive knowledge services is
produced in the transition from a low to a normal level. This fact implies a clear labour pro-
ductivity downturn once the company has the Internet and creates a website. However, this
fall is importantly profitable in the next phase of the digital impact: the broadband Internet
connection. In this step the productivity of the intensive knowledge services increases high-
ly significantly.

Likewise, the analysis by company size introduces a number of results which should be
emphasized. Initially, if we consider the incidence of ICT uses on productivity values accord-
ing to the company size, three differentiated tendencies can be confirmed: Firstly, intensifi-
cation of ICT productive uses in micro-companies shows a negative relationship with the
productivity index. Thus we observe a progressive and notable reduction of this value in the
transition from a low to a normal use level. Reasonably, this fact deserves two explanations:
the relative cost of ICT use intensity is relatively high in smaller companies and needs to be
accompanied with a contribution of the human factor, which often requires of specific skills
of a higher wage level. Secondly, it is understood that small and medium-sized enterprises
report growing productivity gains as they increase their ICT use level. It denotes these com-
panies possess a productive structure capacity that permits to reach increasing efficiency
levels in the short term. Thirdly, the data show that the structure of large companies breaks
the rising tendency of the productivity in the most advanced strata. It occurs when going
from low to medium ICT use levels, due to the impact of the significant associated cost of
investment and organisational adaptation.
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Figure 48. Labour productivity in medium and low technology industries in Catalonia and Internet

equipment

70.000

60.000

50.000

40.000

30.000

20.000

10.000

0

Source: own creation.

GAV per employee, in thousands of euros at 2001 rates

Very low 
equipment level

Low 
equipment level

Normal 
equipment level

Advanced 
equipment level

Low technology industry Medium technology industry

Figure 49. Labour productivity in services in Catalonia and ICT uses
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Lastly, the study of the effect of Internet uses and equipment on the productivity index
according to company size reveals that there is a positive relationship between equipment
levels and productivity gains in the different company sizes considered, even though there is
no clear link between size and the intensity of the relationship of these variables. In fact, it
should be stressed that micro-companies, after having overcome the negative impact on
productivity of the necessary investment to go from a low to a normal level, obtain the high-
est growth in this indicator that even easily surpasses the results reported by large compa-
nies. We would also point out that the data available reveal that productivity gains in large
companies begin to be sustained from a low level of Internet uses and equipment and that
there is not any company of this size with no Internet connection.

Figure 50. Labour productivity in services in Catalonia and Internet equipment
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Figure 51. Labour productivity in Catalan companies and ICT uses, by size (micro-companies 

and small companies)
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Figure 52. Labour productivity in Catalan companies and ICT uses, by size (medium-sized 

and large companies)
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Figure 53. Labour productivity in Catalan companies and Internet equipment, by size 

(micro-companies and large companies)
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3
CONCLUSION: TECHNOLOGICAL CHANGE AND BUSINESS
ACTIVITY IN CATALONIA

Currently, two powerful agents for change affect Catalan business: globalisation and digital
technologies. Spatial and temporal enlargement of markets has altered significantly produc-
tion, distribution, exchange and consumer schemes in the Catalan economy, which progres-
sively enters into a transition process towards a global and knowledge-based economy. The
company is doubtlessly one of the economic agents that in recent years have undergone
more transformations. Here we summarise them from the consolidation of two concepts: the
network firm and the e-business. The network firm is a strategic and organisational business
activity model based on the network decentralisation of all its business lines. This model sur-
passes the organisational models consolidated in the eighties, based on a network of com-
panies. At the same time it stands for a transformation of the business functioning towards a
differently configured system in which work is done in network and the value chain is signifi-
cantly diluted. However, this new strategic and organisational model would not be possible
without a powerful technological tool. Therefore, ICT make electronic business possible; that
is, they are the necessary condition (the sufficient condition is cultural change) for doing
business in another form: through computers and telecommunications networks. Thus, e-
business does not only embrace all the new productive activities that have emerged around
ICT productive uses, but traditional productive activities also add value to digital technology
uses, even though in different intensity.

Therefore, it is important to point out that the relationship between profound changes in
demand and productive schemes, derived from growing worldwide economic integration,
and the use of information and communication technologies as a tool for adding value to a
production to which increasing doses of knowledge are required, is not unidirectional. We
would not comprehend globalisation without its foremost infrastructure: ICT. However, nei-
ther can we understand business use of digital technologies without reference to its prime
objective: gaining market share. Therefore, the implications are much more complex than in
a simple unidirectional relationship.

It is clear then that the analysis of Catalan firms’ transformations linked to ICT uses can-
not be isolated either from the most fundamental processes it overlaps with or from the
structure and configuration of the economic agent to be studied. In other words, the strate-
gic, organisational and productive changes in Catalan business associated to ICT uses can-
not be interpreted in all their complexity without an analysis of the principal engine of this
transformation: the globalisation of the economic activity. Nevertheless, we have to bear in
mind that Catalan firms have certain pronounced defining features that certainly condition
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the transition towards the knowledge economy. Specifically, this has been the methodologi-
cal path of the research we are now concluding: to describe and characterise the current
state of Catalan companies, especially concerning the impact of its process of international-
isation; to study the equipment level and the main uses of the ICT and to explain the trans-
formations of each value element of the business activity. Furthermore, we have made a step
forward in this research with the aim of answering, on behalf of Catalans, the open questions
raised in national and international research about the new business economy. This research
provides evidence of the impact of ICT uses on the four main aspects of any productive
activity. That is, the two productive factors (capital and labour), the incorporation of technical
change and the results of its organisational and productive practice.

At the dawn of the 21st century, Catalan firms were in a halfway transitional period
between the consolidation of a new type of economy, basing its functioning on the use of
growing amounts of knowledge, and the maintenance of their traditional organisational and
productive structures within the industrial economy and services. At first sight there is noth-
ing further from the global knowledge economy than an economic activity still highly focused
on itself and barely open to external influences. In accordance with the data obtained, less
than 10% (7.9%) of Catalan companies sell more than a third of their production outside
Spain. Furthermore, there is a very weak presence of establishments outside Spain (3.4%)
and a low internationalisation degree of direct and indirect work (only 2.1% of companies
have executives from other parts of the European Union, while 4.7% of companies have
employees from Latin America, 4.0% from Europe and 2.8% from Africa, to quote the most
representative figures).

We can indicate that internationalisation is much more commonly present in the interac-
tion of Catalan companies with their immediate external agents. Indeed, the data obtained
confirm the dynamism and the complexity of the Catalan business environment. Catalan
companies operate in markets with a high level of competitive intensity: out of those that
state knowing their competitors, a large number (43.9%) also affirm having over twenty com-
petitors (17.6% of Catalan companies even indicate they have 100 or more than 100 com-
petitors). Additionally, the data obtained show that Catalan companies compete both locally
and globally. In fact, 92% of companies affirm having Catalan competitors, but 44.4% state
having competitors in the rest of the Spanish state, 28.3% in the rest of the European Union
and a significant 20.9% in the rest of the world. Catalan companies interact simultaneously
with an average of 72 suppliers. Furthermore, the geographical dispersion of these suppliers
is quite high. The 94.7% of companies state they have Catalan suppliers, but 65.2% are also
supplied by other parts of the Spanish state, 37.9% by the European Union and almost
twenty percent (19.6%) of Catalan companies have suppliers in other parts of the world. The
average number of customers of the Catalan company is around three thousand. Even
though the sales percentages in Catalonia rise to 76.8%, Catalan companies’ customers are
geographically dispersed. The 94.9% of these companies state they have customers in
Catalonia, 43.7% in other parts of Spain, 18.5% in the rest of the European Union and 11%
in other parts of the world.
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In fact, both the degree of internationalisation and digital technology uses in Catalan
firms depend to a great extent on its structure and characteristics. The Catalan business
sector is characterised by small size (over 88% of Catalan companies have less than five
employees), a considerable diversification of the business lines (only 7.9% of companies
concentrate their activity with one or more business lines belonging to the same sector as
their main activity) and a high geographical concentration of their activity (80% of Catalan
companies have their head office in the metropolitan area of Barcelona). Furthermore, most
of the Catalan productive landscape is made up of family companies possessing a single
establishment; therefore over 90% of the business capital of Catalan companies has its ori-
gin in Catalonia. By sectors, 52% of Catalan companies are situated in the less intensive
knowledge services, followed by a less than 20% of companies in the intensive knowledge
services and 17.5% of companies in the low technology industry. However, it stands out the
comparative low number of companies in the information industry (6.3%), medium technolo-
gy industry (2.9%) and high technology industry (1.7%).

Yet, there are also powerful business groups in Catalonia. These are large companies that
do business outside the country (28.1% of large companies’ capital comes from abroad,
compared to a very low percentage, 8.5%, from other parts of Spain). These companies,
more intensive in knowledge use, are also those that in general show a higher degree of inter-
nationalisation of their activities, a higher use level of ICT tools and more advanced Internet
equipment. Production in short customised series is gaining ground in Catalan companies’
offers, as well as the degree of international interaction as pressure increases for global com-
petition. Finally, expectations for the immediate future in the business world are moderately
favourable to the creation of new employment (more than a third of Catalan companies fore-
see increasing their staff in the next two years and another additional half consider that the
slowing down of the cycle will not be accompanied by adjustments in employee numbers),
especially among activities more intensive in technology and knowledge and in the majority of
large companies as well. Nevertheless, the scarcity of trained and specialised labour has
become a strategic challenge for the development potential of the Catalan companies.

At the start of the knowledge economy we have analysed the ICT equipment and use lev-
els for the diverse value elements in the Catalan firms. In broad terms, we saw that Catalan
business is digitally well equipped, although the level of ICT use penetration could be
improved. However, we also showed that approximately one third of Catalan companies,
basically medium-sized and large companies, and the most intensive sectors of technology or
knowledge use, reflect normal or advanced digital use intensity. Likewise, it should be
stressed that 91% of Catalan companies have an Internet connection, 87.4% have access to
e-mail, while 46.1% have website, 21.7% purchase on the Internet and 11% sell via the
Internet. Yet, a highly significant number of Catalan companies make an insufficient use of the
ICT in the areas of operations, marketing and organisation and human resources. The 73.4%
of Catalan companies do not plan production (or their services offer) using ICT. The 75.7% do
not have access to an external technological planning system with suppliers or distributors. A
77.6% of companies do not have integrated systems for obtaining and managing the infor-
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mation they generate with their customers, and therefore, they make insufficient use of the
ICT in their marketing area. Finally, in terms of organisation and human resources, only 15.4%
of companies make what could be qualified as sufficient use of basic equipment (compared to
84.6% of companies that do not use it); meaning that they use accounting and invoicing sys-
tems, wage payment or else internal communications systems. And just 6.5% make a more
complex use of the ICT, which implies using them in at least two of the following systems:
data management and information exploitation, executive information systems or enterprise
resource planning. However, by sectors, it is clear that the high technology industry and the
less intensive knowledge services lead the way in terms of sufficient uses. Instead, by size,
the vast majority of large companies make sufficient use of ICT in all operational elements
(77.8% of companies plan production and 55.6% do so for suppliers and distributors), for
marketing (55.6%), and for organisation and human resources (77.8%)

Bearing in mind the ICT uses among companies in each area of the value chain, it can be
concluded that the level of ICT business uses can be improved. The 71.7% of Catalan com-
panies reflect an insufficient ICT use. This insufficiency is clearly seen through the lack of any
technological system in any operations area (production and suppliers/distributors), market-
ing and organisation and human resources (basic and complex); it is also seen when the
technological system is only used in one of the five areas. In terms of average uses, 24.2%
of all companies have systems for two or three of the five areas. Finally, 4.1% of Catalan
companies have systems for four or five of the value elements mentioned (advanced uses).
Here and as it also occurs with Internet equipment, the data obtained clearly show signifi-
cant differences between activity branches and company size. In terms of production sec-
tors, it should be pointed out that, even if in all these activities the low uses of technology
systems exceed the two third parts of the total sample of the surveyed companies, we can
observe certain relevant differences. In fact, the two sectors that show the lowest ICT uses
are the high technology industry and the less intensive knowledge services, with 68.6% and
65.5% of companies respectively. Therefore, penetration of medium and advanced ICT uses
is more relevant, especially in the high technology industry (with 22.9% of companies report-
ing medium uses and 8.6% of companies reporting high ICT uses). The services intensive in
the use of knowledge follow the information industry when regarding the application of
advanced ICT uses (5.7% of Catalan companies). By size, companies with less than ten
employees generally reflect low ICT uses (between 73.3% and 75.2%). A significant per-
centage of small companies with over ten employees (32.9%) and medium-sized companies
(41.1%) make a medium use of ICT in their organisation. Large companies can be highlight-
ed because in general they report medium and advanced uses (44.4% of large companies
show this use typology).

Finally, in reference to attitudes associated to ICT use, it is worth commenting that
89.2% of companies think that ICT use and implementation transforms their business activ-
ity. These transformations of the business activity eventually imply, to a certain extent, the
perception of increases in productivity, competitiveness, profits and individual relationships.
Even though we are at an initial stage, the fact that there is a generalised extended use of
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basic ICT (such as e-mail or an Internet connection), and taking into account the main
advantages these uses generate, it makes one think of a progressive increase in transforma-
tions leading to organise the firm in network, both internally and externally. In fact, bearing in
mind the main ICT business uses, which are basically employed to provide support to the
infrastructure element of the value chain (44.4% of Catalan firms use ICT in management,
administration and accounting tasks, 29.3% to obtain information, 27.4% to communicate
with suppliers and customers and 23.4% to communicate generally) it is not surprising that,
at this initial use stage, increases in business efficiency are recorded. Especially, this reality
co-exists with close to 15% of additional companies that consider ICT as their basic busi-
ness tool and are in an upper state of implementation. Lastly and with significant difference,
the most common reason for not applying ICT productively to the company’s value elements
is that the firms do not consider it necessary, a fact that confirms the cultural change as one
of the main requirements to consolidate the network firm.

To analyse more closely the real impact of ICT uses we have also analysed the transfor-
mations of each of the value elements of the business activity. From the strategic perspec-
tive we indicated that the Catalan business environment is dynamic and complex. With such
a framework it is not surprising that the majority of Catalan companies focused on a strate-
gy of differentiating their product/service (86.5%). This differentiation is especially funda-
mental in quality (40.7%) and in the offer of products or specific services to each customer
type (25.8%). However, around 10% of companies still apply a strategy of cost leadership. In
spite of the fact that we cannot confirm that the Catalan companies have overcome the clas-
sic dichotomy between differentiation and cost strategies, we can state that companies that
apply a differentiation strategy are also concerned to control their costs, as shown by the
fact that half of Catalan companies apply some internal cost system. In the same way,
Catalan companies reflect a clear concern for quality. For this reason, the vast majority of
firms adopt quality control systems for their products or services (76.3%) and/or their
processes (67.5%). Nevertheless, they show less inclination to certify their quality control
systems (26.6%). Finally, we can also state that Catalan companies consider the strategic
process as a continual process of adopting strategic decisions, applying these strategies,
controlling and reviewing this strategic process and reformulating their strategy. In that
respect, almost all Catalan companies have redefined their strategic objectives at some
stage. The most frequent reasons for this redefinition are the need to adapt to market
changes (in more than 75% of companies) and the need to introduce improvements into their
products and services offer.

From the perspective of the organisation of the business activity, the data obtained con-
firm that some Catalan small and medium-sized enterprises show a significant degree of
flexibility. The 83.7% of companies have between one and three departments. The average
number of departments is 1.8 and the average number of employees at an operative level is
8.5. In that respect, it can also be confirmed a certain degree of orientation of the productive
activity in Catalan business towards process. Therefore, 28.9% of companies are organised
by processes, 31.2% have introduced innovations of an organisational nature, 48.9% use

ICTs and transformations in Catalan companies

CHAPTER 3 Conclusion: technological change and business activity in Catalonia 97

ICT and transformations NOU.qxd  22/07/2004  9:41  Página 97



flexible and adaptable work teams on business lines and the average speed in adapting the
productive technology to the demand changes is 6.6 (on a scale from 0 to 10). Furthermore,
46.7% of industrial companies offer unitary orders, and 47.8% of service companies accept
customised orders from the customer.

As far as infrastructure activity is concerned and in terms of the investment and financ-
ing cycle dynamics of the business activity, the data obtained suggest that ICT affect the
speed of execution in such a way that Catalan companies have the perception that ICT
enable them to finance themselves and to invest faster than ever (43.2%). The most direct
consequence of this situation is a higher degree of rotation both in the application of
resources in the form of investments and in making these investments profitable. The
dynamic nature of the company’s capitalisation process implies the inherent need to study
the patrimonial structure. In this framework and in terms of the financial structure, it should
be stressed that Catalan firms are mainly financed with external resources, which implies an
important level of indebtedness. In spite of this composition of the financial structure, the
data show that Catalan business is capable enough to meet its payment obligations within
the established periods.

In terms of business investment it is important to point out a series of aspects associated
to both structure and functionality of the investments Catalan companies make. We observed
that a highly significant part of the available resources were set aside for financing the pro-
ductive activity (up to 91.9% of the total) in detriment of the financial activity. In that respect it
is worth stressing that by sector it seems to be a positive trend between investment in ICT
infrastructure and the degree of financial activity within the total business activity. In this area,
it is also important to note that one fifth of the investment in productive infrastructure in
Catalan firms is concentrated on the acquisition of intangible factors. The study of the com-
pany’s productive activity through its cost structure has also revealed a series of results to be
mentioned. Firstly, less than half of annual costs in Catalan business are fixed costs. This cir-
cumstance indicates a certain general capacity for flexibility of the productive structure in
terms of costs, via the conversion of fixed costs into variable costs. Secondly, we can state
that more than half of total annual business costs are direct costs. Additionally, the data reveal
a certain trend to generate more indirect costs as investment in ICT infrastructure increases.
Thirdly, regarding the use of information systems for business costs management, the data
reveal that over half of Catalan companies have implemented some type of cost system.

ICT use as a means of innovation is a widely accepted strategy in the Catalan business
world. In the last two years almost half of Catalan companies (46.3%) have introduced inno-
vations supported by these technologies. Therefore, it can be affirmed that a significant part
of the business world has accepted that ICT are a competitive advantage and a strategic dif-
ferentiation factor regarding to competition. The strategic use of these technologies to sup-
port innovation processes is not homogeneous, but it is much more widely disseminated
among larger companies and among economic activities that use knowledge more inten-
sively as a production factor. Over a wide area of the Catalan business landscape, the pres-
ence of ICT in innovation processes is not developed enough. Therefore, despite the fact
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that we can speak of moderate use intensity, this research results enable us to infer that
these technologies influence significantly on business innovation processes. In particular,
they confirm that ICT affect the determiners, the behaviour and the nature of innovation.

Furthermore, one should bear in mind that business innovation is a complex process
depending both on internal company factors and others linked to the environment in which it
operates. The particularities of Catalan business reality, with a productive structure charac-
terised by the great predominance of smaller companies, mean that innovations are general-
ly the result of either new knowledge and technology assimilation from outside, or largely
informal and internal company processes that lead more to continual and incremental
improvements rather than to radical changes in their scientific and technical knowledge
stock. Consequently, the nature of the productive network means that, within the Catalan
innovation system, both environmental features and the particularities of internal company
innovation processes are highly important. This fact has direct consequences on the poten-
tial to generate endogenous innovations and the capacity to assimilate new external tech-
nologies and knowledge and it also conditions the content of innovation support policies.

Without large formal R+D+I structures at company level (only present in 16.4% of com-
panies) and without an extremely favourable specialisation in highly intense technological
activities, ICT are favouring the increase of new knowledge throughout the productive world.
In this scenario, their use has affected the company’s capacity to develop more complex
innovations and to favour company’s interactions with its own environment. On the one
hand, these technologies stimulate and make innovation more sophisticated, both if it is the
result of systematised and highly formalised processes or the result of less formal process-
es. This has principally been the case of the high technology and the information industries
and the case of large companies in general. More than half of companies with over 100
employees and more than 40% of companies in the information industry have used ICT to
innovate either in product or in process. On the other hand, they promote knowledge dis-
semination from outside. This has principally been the case of service companies and indus-
trial companies using the new technologies less intensively, as well as the case of smaller
companies in general. Almost half of innovations carried out using ICT by companies with
less than 5 employees and by service companies have received external support.

One of the main consequences of ICT use is the reduction of the barriers to innovation,
since their use fosters company interactions with its environment and with whoever can sup-
ply new knowledge and technology. This is especially relevant in those Catalan companies
with a more limited potential to begin continuous and endogen innovation projects. The
immense majority of companies located in Catalonia (73.8%) sees this driving effect of ICT
on innovation. Nevertheless, not all companies have carried out innovations with the support
of these technologies, a sign of the persistence of other obstacles. These falling barriers
have been accompanied by the stimulating effect that ICT have had on cooperation between
companies and institutions to develop innovation projects, especially in smaller companies
and in less intensive knowledge activities. Over 20% of Catalan companies with less than 20
employees have cooperated to make innovations. Therefore, the network effect induced by
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these technologies is clear revealed. For this reason, in the case of small companies, the cre-
ation of cooperative networks compensates the absence of formal R+D+I structures within
the company.

The increasing cooperation between suppliers and customers means that innovative
Catalan companies modify their company model so as to develop more complex and sus-
tainable competitive strategies. They are based on the improvement in product and service
designs and features, a higher productive flexibility, a faster response to changes in demand
and a strategic interaction with customers. In that respect, it does not appear that ICT have
substantially modified the geographic limits of cooperation, but instead, ICT have increased
the dynamism of the interactions already carried out in company’s surroundings. Almost
three quarters of cooperation experiences in conducting innovations (72.2%) have been car-
ried out between economic agents within Catalonia. In this way, the importance of local
cooperation has been revitalized by ICT use as an innovation means, in favouring existing
interactions between companies and their immediate environment.

However, ICT use also affects the nature of innovations. In general, the use of these
technologies has been preferentially aimed at stimulating innovations that optimise compa-
ny’s competitive factors. Innovation based on ICT means that companies develop more
complex, interactive, interdependent innovation processes, linked to the dominant competi-
tive strategy. It is clear then that ICT have been present in almost half the product innova-
tions carried out by Catalan companies and have allowed a third of Catalan companies to be
innovative in their productive process. Specifically, almost 65% of Catalan companies that
have carried out product innovations through the use of the ICT have introduced new prod-
ucts or services into the market. The 40% of innovative companies have improved features
on product and service ranges introducing new technology and 18% have introduced new
raw material. Furthermore, the combination of the different innovation typologies permits us
to infer that ICT use has enabled Catalan companies to become more innovative in con-
stantly renewing their processes and products or services, as well as developing more com-
plex innovation processes that fulfil the objective of achieving continual improvements in the
value chain and which correspond to more sophisticated competitive strategies.

It is obvious the potential of ICT as an innovative tool in Catalan companies, both
regarding its use as an innovation means in itself and its use as a means for overcoming
obstacles to innovation. However, these positive effects should not distract us from the fact
that innovation continues to be a strategic challenge for the entire Catalan economy. Most of
the production network of the country is out of the intensive utilisation of these technologies.
There is still a substantial critical mass of service companies and, especially, of industrial
companies of medium and low technological intensity that do not introduce innovations con-
tinuously. Even though they recognise the positive effects of ICT use, the potential of the
country’s innovative system in many companies is conditioned by non-proactive and non-
strategic behaviours.

When it comes to human resources in Catalan business activity, from the data obtained
we can see that labour relations are built upon the basis of a job with a contract of indefinite
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length. Yet, there is also another reality: almost the 20% of jobs are temporary contracts or
self-employed work. As for the typical working day, the data obtained show that in Catalan
business 90.6% of employees work fulltime and 9.5% of employees work part-time.
Regarding to the average gross annual wage, the Catalan average is situated at 17,846
euros. By sector, we can see higher degrees of contractual and hourly flexibility, as well as
better wage levels in the more intensive knowledge and technology sectors: the intensive
knowledge services (20,279 euros) and the high technology industry (18,956 euros) are the
two production sectors leading the wage rate in the Catalan economy. Furthermore, digital
technologies open new possibilities in personnel management within the organisation.
Despite all this, we have contrasted that Catalan companies make a limited use of these
technologies: 83.8% of Catalan firms do not use ICT to cover vacant job positions, while
93.6% of Catalan business organisations do not have mechanisms for professional evalua-
tion using ICT. Moreover, we have also confirmed that a good number of companies (over
40%) do not allow employees to use the Internet for personal interactions.

Having analysed the support elements of the value chain, below we focus on the trans-
formations of its basic elements: the operations area, the marketing area and after-sales
service. As far as operations are concerned, it is worth noting that 26.6% of Catalan compa-
nies make a sufficient use of the ICT in this activity. This use increases in production planning
activities or in the services offer, which highlights the different stages a company goes
through during the process of integrating its supply chain. The initial integration must be car-
ried out internally so as to later integrate both suppliers and distributors. In that respect, the
data obtained confirm that ICT use in operations is greater at an internal than at an external
level. In fact, one of the main priorities of Catalan firms is the adaptation to a changing glob-
al demand which, in production terms, means affirming the need to develop flexible produc-
tion schemes. Therefore, we can confirm that the A-type product portfolio is wider and wider
(over a third of Catalan industries offer between two and five references to the market). This
fact indicates that 80% of company sales are no longer achieved with a single product/serv-
ice. Changing consumer demands does not only affect the product/service range in itself,
but also the product/service delivery aspect in terms of delivery at the time and place of the
customer’s choice. In order to accomplish these two latter requirements, Catalan firms
increasingly trust in using information and communication technologies in their relationship
with their distributors, thereby ensuring the diminishing of sales numbers affected by distri-
bution incidences. The data obtained show clearly that technological and working flexibility
in Catalan firms is high (6.6 and 7.8 points, on average, on a scale from 0 to 10).

In terms of the marketing area it can be noted that the representative Catalan company
makes significant use of ICT in this value area. Almost all companies have file systems
through which they register and manage the data obtained from their customers. Some
companies even have access to advanced information systems of CRM type (Customer
Relationship Management) that allow them to obtain and manage customer information and
integrate it into other company information systems (22.3%). These systems, combined with
occasional use of formal market research studies, make it possible for Catalan companies to
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quickly obtain, accumulate and analyse large volumes of information. However, it is more
significant that this information provides these companies a deep knowledge and a wide
understanding of the current and future customer needs. ICT are additionally used to design
and generate new products (45% of companies making product innovations use digital tech-
nologies). Likewise, Catalan firms know how to take advantage of business opportunities in
a segmented market and to detect homogeneous groups of potential buyers. By launching a
wider market segmentation strategy (54%) and taking it to its ultimate extreme, Catalan firms
are showing themselves that they are able to establish differentiated marketing strategies for
each targeted segment. It is carried out by adapting or personalising the variables of the mix
variables such as price, distribution or communication and developing a personalised cus-
tomer attention service. Lastly, it can be affirmed that Catalan firms are performing an
increasing part of its economic activity through the Internet. Even though the data recorded
are not as significant as those for United States companies or other countries in Europe, they
show certain dynamism in the Catalan business community within the network environment
(12.4% of Catalan companies carry out electronic commerce on the Internet). Regarding
B2C electronic commerce, the penetration index in Catalan companies is not insignificant:
11% of companies, 7.1% of total sales and an average business figure per company of
102,000 euros. On the other hand, B2B electronic commerce has a higher implementation
level in Catalan companies than the aimed at final consumers. This occurs not only because
more companies are doing it (21.7%) but also because a larger business share is recorded
(19.7% of total purchases and an average business figure per company of 207,000 euros).

Finally, we contrasted the impact of the ICT use and the Internet equipment with the four
priority elements of the business activity: capital, labour, innovation and organisational and
productive practices. In terms of digital impact on the business activity capitalisation
process, we confirmed that the Internet equipment level as well as the ICT use level in
Catalan firms affects the speed of the flow of the financial resources. In that respect, it
should be highlighted that companies with a very low investment level in Internet equipment
and its uses (almost 50% of companies in this segment) believe that ICT have a direct effect
on the speed of the cycle. This effect is clearly revealed when the company goes from a low
to a normal equipment level. This perception of ICT incidence is diluted in the more
advanced stages, where the integration of this aspect affects all areas of the productive
activity. From the perspective of patrimonial structure, two extremely important results
should be highlighted regarding the configuration of a balanced financial structure. Firstly,
the wage costs of external financial resources (the cost of financing) decrease progressively
as investment in Internet equipment and its uses increase. Indeed, financing costs moves
from percentages around 20% in low Internet equipment levels to under the 2% in advanced
equipment levels. Furthermore, this transition is especially important when passing from a
very low to a low level. Secondly, the greater ICT use intensity, the lesser the company’s
need for access to liquid funds for debt payment. The treasury percentage significantly
decreases as ICT intensity increases. Lastly, regarding the economic structure of the busi-
ness patrimony and above other considerations, it should be considered the effect of the ICT
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on the composition of Catalan business investment, as there is a positive relationship
between ICT use levels and an increasing use of intangible assets in the productive activity.
This increase is especially significant in the transition from a medium ICT to an advanced ICT
use level. Indeed, the participation in intangible fixed assets over the total fixed assets drops
to under 25% with medium ICT uses and rises to over 35% with advanced uses.

Regarding the digital impact on labour relations we wanted to test the causality between
ICT use and labour. Our starting point was the considerable relative distance between wages
in intensive Internet use sectors and non-intensive sectors. In fact, wages in companies with
advanced Internet equipment show a rising deviation compared to the average Catalan
company wage of close to 10%. On the contrary, the falling deviation of wages in companies
with very low Internet equipment levels is close to 25%. Furthermore, in Catalan firms is also
obvious the double causality between wages and productivity explained by international
empirical evidence. However, this double effect is determined by a set of elements without
which feedback either increases or is weakened. These factors are the Internet equipment,
the digital technology intensity and the employee training (face-to-face and e-learning). In
terms of the first implication: for every increase in productivity per employee, the average
wage in Catalan companies increases twelve tens. Regarding the second implication, the
wage impact on the productivity through e-training is clearly positive, and it grows in sectors
with technological or knowledge use intensity. Instead, the impact on face-to-face training is
negative. Secondly, the impact of wages on total productivity through face-to-face training is
positive for low ICT uses, although it decreases according to technological and knowledge
use intensity.

ICT uses as an innovation means foster the network organisation of Catalan companies,
as these technologies partially reduce the obstacles to innovation and make interactions
within the company and with its environment more efficient, so that they stimulate the inno-
vative dynamism and allow the development of more sophisticated and interdependent inno-
vation processes. The results obtained confirm the close relationship between a medium and
a high degree of ICT uses, more advanced Internet equipment levels and more innovative
behaviour. In fact, 57.8% of companies that have an advanced ICT use level and 84.3% of
companies with an advanced Internet equipment level are innovators (66.7% in the case of
medium ICT use and 60.7% in the case of normal Internet equipment). We also see that
organisational change is more intensive in the most innovative companies, and at the same
time we can verify the strategic role of training. On the one hand, companies with better
qualified employees tend to innovate constantly (62% of companies with university-qualified
employees are innovative). On the other hand, continuous training within the company is a
key aspect for innovative dynamism (67.5% of companies with employees in continuous
face-to-face training programmes are innovators). Furthermore, innovative companies make
use of e-learning (more than 90% of companies with employees in continuous training pro-
grammes or tailor-sized e-learning programmes are innovators). Lastly, innovative compa-
nies are characterised by the development of more complex competitive strategies with
higher potential for differentiation (79.3 and 69.7% of companies that differentiate by trade-
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mark or technology are innovative). Consequently, they also show more advanced interna-
tionalisation degrees (65.5% of highly internationalised companies are innovative), higher
productivity (the total factors productivity of highly innovative companies is situated at
around 47%, above the non-innovative company), and finally, higher assets rotation and
higher profitability.

Lastly, we saw the effect of the ICT productive use and Internet equipment levels on the
business productivity. The results obtained in Catalan firms highlight a clear increase in the
total factors productivity as ICT uses increase as well as the amount of Internet equipment.
Actually, total factors productivity in companies with advanced ICT uses is situated at 1.05
points, clearly higher than the companies with low ICT uses (1 point). Additionally, we also
observed that the total factors productivity in Catalan companies increases with organisa-
tional change. In an approach by sectors we have seen that ICT use intensity becomes a
crucial element in explaining labour productivity increases in both industry and services.
Especially we have seen two clearly differentiated trends. The information industry, the high
technology industry and the intensive knowledge services show a sustained trend of pro-
ductivity gains throughout the entire sequence of possible uses (from low to medium uses
and from medium to advanced uses). On the contrary, low and medium technology indus-
tries and less intensive knowledge services do not show this uniform trend. As far as Internet
equipment is concerned, the data obtained confirm a double stage of productivity gains as a
result of its implementation, especially in intensive technology and knowledge use sectors.
Indeed, we see two states of efficiency increases. The first is achieved when transitioning
from a very low Internet equipment level to a low level (that is, the setting up of an Internet
connection), and the other is achieved in the transition from normal to advanced equipment
levels (that is, moving from narrow-band to broadband). Between these extremes, or rather
in moving from Internet connection to website, this rising trend in labour productivity increas-
es is broken, as a result of the application and adaptation costs that this new technological
state requires. Finally, the analysis of the company size once again shows a positive signifi-
cant relationship between business size and ICT use efficiency. However, it has not been the
case when it comes for the implications for the labour productivity of Internet equipment,
which show a wider and more extended incidence to all sectors, although reflecting relative-
ly high values in micro-companies.
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