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CHAPTER 1
Introduction, Background and Concluding Remarks on the
Thesis
1. Introduction
This chapter provides an introduction to the thesis and describes the rationale for the
separate studies. Apart from the introduction, the thesis consists of four other
chapters. After having presented the rationale (section 1.1), the introduction
proceeds by presenting the most important questions and findings per chapter in a
nutshell (section 1.2). Furthermore, we offer concluding remarks on the thesis
(Section 1.3) and briefly highlight the implications of the findings for managers, policy
makers, and for further research.

1.1.

Prologue & aims of the Study

The present thesis analyses how information and communication technologies (ICTs)
play a role in creating superior firm performance, with particular attention to small‐
and medium‐sized enterprises (SMEs). We take the framework and arguments from
the ‘General Purpose Technology’ (GPT) literature to understand the roles that
business ICTs can take to contribute towards firm performance. Several economic
studies have considered ICT as a GPT at the level of the firm, the region, the industry,
and the country level, and proceed to investigate whether ICT contributes to
performance at these respective levels. These studies primarily use ICT expenditures
as a measure and investigate the link of this measure to productivity. Often, one
indeed finds a positive link between ICT and productivity (Cardona, Kretschmer, &
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Strobel, 2013). These studies hence rebut the well‐known ‘productivity paradox’ in IT
valuation research, which claimed (or perhaps still claims) that ICT would be irrelevant
or even harmful to productivity per worker (Solow, 1987). The recent literature also
points out the limitations of this earlier research premise. Gradually, research began
to move away from this critical view. Numerous notable articles (Dedrick, Gurbaxani,
& Kraemer, 2003a; Kohli & Grover, 2008; Melville, Kraemer, & Gurbaxani, 2004; Nevo
& Wade, 2010) point out how ICT does make a difference for productivity and
performance at the firm level. The gist of these articles is that a context free definition
of ICT, such as measuring ICT adoption and use only by means of ICT expenditures,
provides an incomplete snapshot of a rather complex function that ICT plays at the
firm level. ICT cannot be treated as traditional capital; it is rather an enabler of
superior processes that ‐after complementing it with other organizational
investments‐ results in supplementary productivity gains. To open the black box of
ICT’s contribution towards firm growth, these articles suggested the need to shift the
focus more to the various roles that ICT plays, and to identify in more detail the digital
capabilities that ICT provides in order to understand more completely the availability,
adoption, and implications of ICT at the firm level. While ICT may be available to
everybody, it is the combination of ICTs with certain organizational resources that
creates ICT‐enabled resources as a key determinant for sustainable competitive
advantage. These and related arguments can be found in, for instance, Arvanitis &
Loukis (2009), Aral, Brynjolfsson, & Wu (2012) and Brynjolfsson & Hitt (2003).
The ‘General Purpose Technology’ literature identifies certain technologies
that through some mechanism manage to affect an entire economy. The well‐noted
article by Bresnahan & Trajtenberg (1995) describes typical features of GPTs such as
pervasiveness, innovational complementarities, and technological dynamism through
which all GPTs spread through the economy and spark productivity gains. Its pervasive
character fosters the GPT to spread to most of the economic sectors. Innovation
spawning involves GPT making the innovations easier i.e., they facilitate the
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development of new products or processes. Technological dynamism refers to the
fact that GPT is likely to be used in more efficient ways over time. Finally, improving
efficiency and performance implies that costs can decrease.
If ICT is a potential GPT, this should go with a general pervasiveness of ICT:
ICTs are everywhere and is strengthening its roots in all sectors of the economy. There
are however some developments that amend this view. First, the pace with which
new ICT applications are coming up is greater than our ability to develop new
processes, routines, and organizational makeup to deal with these applications (van
Ark, 2011). Moreover, even though the ICT investment in advanced and emerging
economies is growing over the years, the growth of ICT is not uniform across
countries, regions and firms. SMEs, for example, are less likely to be able to profit
from the benefits that ICTs bring (Sadowski, Maitland, & van Dongen, 2002) compared
with larger firms. Also, other contextual issues play a role. For instance industrial
parks are able to attract greater broadband investment (Grubesic, 2004). The
presence of a potential digital divide in an otherwise ubiquitously available technology
entails that some of the firms, sectors or locations are at a strategic disadvantage.
The use of many ICT applications within firms has painted a picture of the
enabling characteristics of ICT at the firm level. ICT allows obtaining, storing, and
processing information and frictionless communication of information across various
channels. This enables firms to develop innovative products for their customers more
easily, to establish efficient methods of production and save time and costs, to name
just a few. Although there is a strong link between product innovation and a firm’s
success (Artz, Norman, Hatfield, & Cardinal, 2010; Danneels, 2000; Thornhill, 2006),
the process involving product innovation is extremely complex (Cormican &
O’Sullivan, 2004). Bartel, Ichniowski, & Shaw (2005) find that the adoption of ICT
equipment can have benefits mainly through a combination of altered firm strategies,
improved efficiency of all production stages, increased skill requirements of
employees, and promoted firm growth. Then again, the range of ICT innovations of
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service firms is quite dissimilar when compared to manufacturing firms and requires a
wider conceptualization of innovation (Gago & Rubalcaba, 2007). While the sources of
innovation and the process surrounding it are different in services versus
manufacturing, ICT somehow fosters an active role of the service sector in the context
of innovation for the knowledge economy (Metcalfe & Miles, 2000). Further, ICT
enables proficient business processes, such as just‐in‐time inventory management,
utilizing the potential of e‐business applications (van der Wiel, van Leeuwen, &
Hempell, 2004). In addition, ICT has increasingly been opening new innovation
potentials for firms outside ICT producing sectors. For instance, ICT has enabled firms
to achieve more efficient organizational structures by demolishing hierarchies and
decentralizing the decision making process. Digital information enables modules that
help facilitating significantly improved production or supply methods (Bresnahan,
Brynjolfsson, & Hitt, 2002). In the ICT value creation process, marketing innovation is
also considered a vital element through which ICT creates additional returns at the
firm level. As just one example, Requena et al., (2007) explain two ways in which ICT
creates value through marketing innovation: first, the intensive ICT use in marketing
makes the firms more innovative and accelerates the efficient processes, and
secondly the increased ICT use in marketing eases up collaboration with other firms
and makes the new product adaptable to market demands.
Technological dynamism is more prevalent in the use of ICT than in the use of
any other GPT. This could very well be one of the reasons why all forms of ICTs kept
their shares growing at the firm or industry level. Among the internet connecting ICTs,
the typical dialup access from maximum 56Kbps evolved into high speed fiber internet
connections, typically transmitting 155.52Mbps and this occurred within a very short
time frame. Among the ICT business applications, firms are using very advanced e‐
business solutions that were unthinkable a decade ago (Corniou, 2013).
With the rise in pervasiveness of ICT, and with an increasing number of
innovations based on ICT, the global economy is shifting towards a knowledge
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economy with ICT at its core. While the definition of the term ‘knowledge economy’
mainly remained elusive in the literature, ICT based studies are progressively
investigating the knowledge economy in the context of ICT (Powell & Snellman, 2004).
In short, we see that ICT is playing a major role in the economy, that investments in
ICT seem to have positive economic effects of various kinds, and on the other hand
that ICT is composed of many different technologies of which the precise nature of
the mechanism through which their benefits are reached, is not completely clear.
In this thesis, we consider ‘business ICTs’ at the firm level and analyze the
factors behind ICT availability & adoption, ICT‐enabled mechanisms, and their relation
with firm performance variables. In addition, the literature survey (Chapter 2) points
out that the evidence about the availability of ICT to firms is scarce in a European
context. The empirical data that we use on availability of ICT (to be analyzed in
Chapter 3) utilize datasets based on Dutch and European firms that aim to fill this gap.
The aims of the thesis are:
1.

To analyze the literature on ‘ICT as a GPT’ and in particular shed some light
on how ICT has been argued to fulfill its role as a GPT. (Chapter 2),

2.

To study the firm level availability of infrastructure technologies and the
factors behind it (Chapter 3),

3.

To study whether a linear model of ICT‐adoption (moving from ‘simpler’ ICTs
to ‘more complex’ ICTs) can improve the explanation of implications of ICT
on firm performance (Chapter 4),

4.

To study ICT from a knowledge creation perspective at the organizational
level and to understand how knowledge firms use ICTs to explore and exploit
knowledge in order to perform better (Chapter 5).
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1.2.

Framework of the thesis
Chapter 2 (literature review)

ICT perception and
Firm internal
characteristics

e-biz
ICT Availability

ICT Adoption

Network ICTs

Firm
Performance

Basic ICTs

ICT‐enabled learning
mechanisms

Chapter 5

Chapter 4
Chapter 3

Figure 1: Framework of the thesis

Figure 1 sketch how the separate chapters of the thesis relate to each other.
We now briefly mention the topic contents of each chapter.
Chapter 2 is based on a survey of studies that use the definition of ‘general
purpose technology’ in the context of ICT. The definition of GPT as given in the article
of Bresnahan & Trajtenberg (1995), serves as the basis of this study. That is, the
literature overview presented in chapter 2 is based on a sample of studies that cite
the article of Brenahan & Trajtenberg (1995). We selected only the studies that are
empirical, examine ICT, and are published in an academic journal. The literature
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review serves to provide a picture of what is done in the field of ICT business value
and what still needs to be done. The chapter points out five promising research
themes: 1) Adoption and diffusion of ICT, 2) the ICT digital divide, 3) the impact of
adopting ICT (whether ICT indeed contributes towards firm growth, 4) how ICT creates
firm value (which covers the IT‐enabled mechanisms including product and process
innovations) and finally 5) the link between ICT and the knowledge economy. The
overview also highlights that with the availability of better data, studies are
increasingly using a functional approach to study ICT adoption and its firm
performance implications. The review concludes that the GPT’s generalized definition
to include all ICTs as input to firm performance equation might be misleading. There
clearly is an increasing need to disentangle ICTs with respect to their roles and
functionalities. Unravelling the ICTs based on their functionality would help
understand how ICT creates a difference in firm performance and why different firms
have varying returns from ICT.
The next three chapters of the thesis pick up (parts of) several of these
questions. Each of these chapters consists of a theory‐guided empirical study,
providing answers to one of these questions. The first empirical study, presented in
chapter 3, analyzes the (determinants of) availability of digital broadband and next
generation infrastructure to firms. The second empirical study, presented in chapter
4, examines the link between IT adoption and firm outcomes by challenging the
assumption that all combinations of ICTs affect firm outcomes in uniform ways.
Rather, we test the idea that there is a ‘hierarchy’ of ICT applications. The higher a
firm’s set of ICT applications are positioned in the hierarchy, the larger the ICT effects.
Finally, chapter 5 goes one step further by examining in more detail the mechanisms
underlying the link between ICT adoption and firm outcomes. In addition to analyzing
the determinants of ICT adoption, we distinguish two types of ICTs that affect
different firm outcomes in their own specific ways via fostering either process or
product innovation.
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Chapter 3 studies business broadband and next generation infrastructure
availability at the firm level. The variation in the availability of broadband at the firm,
region or household level is regarded as the broadband digital divide (Kruger & Gilroy,
2013). While the broadband digital divide remained a topical subject (Flamm, 2005;
Grubesic, 2006; Grubesic & Murray, 2002, 2004; Kolko, 2010, 2012; Prieger & Hu,
2008), business broadband research has only recently taken place; and only based on
data from the United States (Mack, 2014; Mack, Anselin, & Grubesic, 2011; Mack &
Rey, 2014). Since a digital divide among firms may put small, rural or minority led
firms at a competitive disadvantage (Riggins & Dewan, 2005), there is a considerable
need to address this issue, especially since in the European context there is much less
data available. In the Progress Report on Digital Agenda Targets, the suggestion was
made that SMEs are still lagging behind in the adoption of ICTs, which makes the issue
become even more apparent. Further, the broadband digital divide studies in the
European context are mostly based on regional reports. They often do not address
size, industry, or spatial effects. The reason is that, as far as we know, there is hardly
any broadband data available for the European Union states. This business broadband
availability research also needs to be addressed in light of the European state
guidelines, emphasizing that broadband is crucial for economic growth (European
Commission, 2013). Furthermore, although broadband digital divide research has
been conducted for a decade now in the U.S., they mainly use the zip code level as the
unit of observation. Zip codes increasingly have been criticized for not being a good
measure (Kolko, 2010) for several reasons. One of them is the loss in spatial variability
(Buck, Dreger, & Pigeot, 2015). Henceforth, there is also a need to use units of
observation at a more fine‐grained level, such as firm addresses.
In this third chapter, we analyze the link between broadband availability and
its geographic, firm and industry level determinants. The study utilizes a database on
26,827 firms based in Zeeland (a province in the Netherlands). The primary research
question of the study is: What is the digital availability of broadband in Zeeland and
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how does the availability depend on sectoral characteristics, firm size, spatial
characteristics of firms in Zeeland, and other attributes of the firm. The study uses
two approaches to address this issue: we first use (well‐known) logistic regressions
and second apply spatial econometric models. We find evidence for a broadband
availability digital divide. Firms in sparsely populated areas and those located in small
business areas are less likely to have broadband access. Furthermore, the analyses
provide evidence for the existence of spatial autocorrelation. To the best of our
knowledge, this study is the first to provide evidence for the existence of a business
broadband digital divide in a European region.
In Chapter 4 we have a closer look at specific forms of ICT adoption and its
impact on firm performance. We distinguish ICTs based on the intensity of
organizational changes they bring about and test the idea that there is a hierarchy of
ICT applications that firms adopt in a linear fashion. ICT business value research
indicates a somewhat consistent link between ICT and turnover growth and
profitability. However, the link between ICT and employment growth varies a lot
across studies. While some studies indicate a positive relationship (Crandall, Lehr, &
Litan, 2007), other results imply a negative effect of ICT on employment, such as
Majumdar (2008). There is no consensus among researchers as to how ICT links to
employment. Further, it is argued that ICT can be a substitute for low skilled and
complement for high skilled labor (Brynjolfsson & McAfee, 2011).
The research presented in chapter 4 tests whether ICT adoption can be
conceived as a step‐by‐step process in which simpler ICTs are adopted before more
complex ones. Further, we study whether adopting increasing levels of ICT results in
superior firm performance. We reanalyze data that has been used by Koellinger
(2008). The dataset utilizes a survey on 7,302 firms from 25 states in the European
Union operating in a variety of sectors. The survey was conducted by European E‐
Business Market W@tch. If we take the GPT argument for granted, then any form of
ICT would generate (similar) positive results on firm performance. In order to make a
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distinction between simpler and more complex ICTs, we use Mokken Scaling Analysis
(MSA). MSA is a type of item response theory used in the social sciences but it is less
often used in the context of economics research (Ski, Thompson, Hare, Stewart, &
Watson, 2012). The firm performance variables in the study include variations in
employment, whether or not the firm was profitable and variations in the sales
turnover. Our analyses reveal that ICT adoption can indeed be conceived as a step‐by‐
step process, where firms adopt the more complicated forms of ICT only after the
easier ones have been adopted. Using this way of measurement for ICT adoption, the
effects of ICT become more pronounced when compared to a previous analyses of the
same data by Koellinger (2008). Moreover, we also infer that, at least in this database,
the effects of ICT come about through the “easier” versions of ICT (email, www, and
network‐ICT) and not so much because of differences in the extent to which relatively
complicated e‐business application have been adopted. Finally, we also show that the
data provide evidence that although there is a general positive effect on the mean
firm performance (as measured by different indicators); the risk of worse
performance also increases with increasing adoption of ICT.
Chapter 5 analyses processes and effects of ICT enabled innovations in the
Dutch design sector. The chapter discusses basic and specific roles that ICT has at the
firm level. First the paper examines the adoption of ICT and relates it to learning
processes that take place in the firm. The learning processes are termed as
‘Organizational Learning’ (Alavi & Leidner, (2001); March, (1991). Organizational
Learning (OL) is at the core of the design sector and March (1991) defines it by means
of two mechanisms: exploration and exploitation. Exploration is the hunt for out‐of‐
box solution and the acquisition of new products and technologies while exploitation
consists of using and/ or modifying on‐the‐hand knowledge (Greve, 2007; Kane &
Alavi, 2007). Pentland (1995) argues that ICT facilitates both exploration and
exploitation. Kane & Alavi (2007) study the effects of ICT on exploration and
exploitation and investigate distinct ways in which ICT enables learning processes. The
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learning processes are expected to lead to digital capabilities that the literature
increasingly puts forward for further examination (Aral & Weill, 2007; Kohli & Grover,
2008). As indicated in the literature review (Chapter 2), several studies seek to find
the link between ICT and firm performance, but there are only a handful of studies
aiming to find the link between ICT and firm performance by having a closer look at
innovation processes as the underlying mechanisms. Furthermore, evidence from
studies on SMEs is even scarcer. This line of research addresses the question ‘how’
technology matters for superior firm performance.
After having studied the factors behind ICT adoption we further analyze the
implications of ICT adoption, including product and process innovation and effects on
firm performance variables, such as employment size of the firm, net income, and
profitability. We use a new and original dataset on 189 Dutch Design firms from Web,
Graphic and Industrial Design. The sample includes only SMEs. We seek to find a link
between the ICT type adopted and the distinct performance indicators at the firm
level, such as type of innovation and other performance related variables. The results
prove the distinction between two ICT capability roles –information processing versus
communication‐ to be useful. The firm’s adoption of information processing
technologies (IPTs) tends to increase its likelihood of process innovation whereas the
adoption of communication technologies (CTs) increases the likelihood of product
innovation. Furthermore, IPT adoption increases, as expected, the number of clients
and the firm’s net monthly income. The found mediating role of product and process
innovation is partly in line with our expectations. Product innovation increases the
number of clients, leading to the conclusion that CTs do have an indirect effect on this
indicator of firm performance, which is mediated by product innovation, but not a
direct one. However, contrary to our expectations, process innovation did not
mediate the effect of IPTs on any of the three indicators of firm performance. In the
discussion of chapter 5, we offer a tentative explanation of these unexpected findings.
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1.3.

Concluding remarks

This thesis analyzes the relationship between ICT adoption and firm performance,
taking the perspective of ‘ICT as a General Purpose Technology’ (Bresnahan &
Trijtenberg, 1995) as a starting point for a critical examination. We give particular
attention to innovation it as an essential element in order to obtain value from ICT.
Chapters 3 to 5 contain empirical studies whose results have a number of implications
for managers, policy makers, and further research of which the most important ones
are highlighted here.
The study of broadband availability to firms (Chapter 3) provides results that
fuel the concern that in Europe a broadband digital divide emerges that puts firms in
specific locations in a disadvantaged position. Managers who have to choose between
different locations that do not yet offer access to broadband networks for the
settlement of their firm can avoid sparsely populated regions and small business parks
if broadband availability might become a point of concern in the future development
of their firm. In addition, when a firm does not belong to the KIB sector; locating the
firm in a region with a higher concentration of KIBs results in a higher probability of
getting access to superior infrastructure.
Also, should our results be reproduced in further research, policy makers
should be aware that these regions face a problem that provides a barrier to
economic growth and that may need further initiatives. Before the relevance of the
broadband digital divide as a barrier to economic growth in the European region can
be judged, other studies need to reproduce our findings in other regions and
countries, taking into account some of the limitations of our design. While the findings
are in line with our expectation that broadband availability can be explained by
referring to the supply side (the provider), alternative explanations referring to the
demand side (the firms) cannot always be ruled out. Further research should thus
study in more detail the underlying mechanisms leading to a broadband digital divide.
These findings cast doubt on the usefulness of the concept of ICT as a General
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Purpose Technology; at least they provide a more nuanced view on aspects that are
difficult to integrate with the GPT concept. Our closer consideration of the digital
broadband availability demonstrates that an important characteristic of a GPT, its
general pervasiveness, is certainly not a given at this point in time.
Chapter 4 and Chapter 5 also demonstrate the usefulness of an approach
that deviates from the idea that ICT is a General Purpose technology. Both these
chapters attempt to find a link between ICT implementation and its firm performance
implications, confirming a positive link between ICT and various forms of profitability.
A straightforward implication for firm managers is that irrespective of a firm’s size,
implementing ICT brings positive performance outcomes. Although a smaller sized
firm may accrue fewer benefits from ICT compared with a larger sized firm, it is still
beneficial for firms to adopt. In addition, the results also speak for employing ICT
while understanding the broader generic functions it possesses. This means that
different firms might be using different forms of ICTs, and the firms’ performance
outcomes depend on the context in which an ICT is employed. An ICT dealing with
communicating with the firm’s stakeholder possesses a ‘communication’ function and
implementing this form of ICT would entail other outcomes for the firm, when
compared with a firm that utilizes ICT with an ‘information processing function’. For
example, in our results, we see that ICTs with a ‘communication’ function positively
affect product innovation and the number of clients (chapter 5). We therefore
recommend firm managers, especially those belonging to SMEs, to first focus on the
generic ICT function before aiming for ICTs that better suit their strategic objective
such as market share increase, cost cutting, etc.
Chapter 4 shows that although there are many kinds of ICTs, there is
evidence for at least some structure in the adoption of ICT. That is, when we order
ICTs from most common to least common it turns out that the least common ICTs are
typically implemented only if the more common forms of ICT have already been
implemented. In our data, adoption starts with basic ICT (email, www), then network
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ICT, and then e‐business ICT. In this sense, we find empirical equivalents for the
theoretical notion of ICT‐maturity of a firm, a topic that has received some attention
in the literature but mostly posits varying degrees of ICT‐maturity without much
empirical backup. In addition, we find evidence that adoption of higher levels of ICT
has positive effects on firm performance on average, but also increases the risk of a
negative effect on performance. Finally, it turns out that the effects of ICT on firm
performance that we find are mainly due to ICT‐adoption differences of the basic and
network kind. Taken together, these results suggest that to get a better
understanding of the way in which ICT affects firm performance, it makes sense to
employ a more fine‐grained measurement of the kinds of ICT that are in use in a firm,
combined with knowledge about how ICT is implemented and which kinds of
processes are facilitated.
Chapter 5 confirms once more that different forms of ICT have different
purposes, which obviously is not in line with the perspective that ICTs would be a
General Purpose Technology, and connects the use of ICT with product and process
innovation. Our findings indicate that, in order to improve firm performance,
managers should have a closer look at the type of ICT that they consider to adopt.
Depending on whether they want to improve product or process innovation, different
forms of ICT adoption are in order. Our results speak for the fruitfulness of an
approach that distinguishes forms of ICT on basis of their purpose. While our study
indicates the usefulness of an approach that distinguishes different ICT purposes,
future research needs to examine in more detail the exact mechanisms that link the
different forms of ICT adoption with firm performance. While product innovation
mediates the relationship between ICTs and a firm’s number of clients, especially the
role of process innovation deserves more attention. Further, since ICT is increasingly
considered an essential tool even by micro sized firms, future research should address
how different ICT types create links with various organizational learning mechanisms.
This is useful for ICT value research and will augment the Organizational Learning
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literature. An obvious point of concern for future research is the issue of causality, as
our study rests on a cross‐sectional data collection and longitudinal data would be
more adequate.
With regard to the value creation of ICT, a key aspect is the fact that large
parts of the value created through ICTs do not appear in the financial statement; they
are rather intangible benefits, for instance increasing in the product value for the
customers, or easing the work flow for employees. Measuring such intangibles can be
really challenging but they entail an important part of the business value of ICT. In this
sense, ICT can be seen as a GPT at least to some extent: its potential benefits can find
their way everywhere and not all these benefits can be readily measured. Future
research can therefore benefit not only from disentangling different kinds of ICT, but
also from disentangling the diverse set of benefits, including the intangibles, that
might be the consequence of ICT.
Taken together, the results of this thesis indicate the limitations of an
approach that regards ICT strictly as a GPT. At best, ICT is on its way to become a GPT,
but at this point there are simply too many arguments that indicate that this point has
not been reached (and may never be reached). More and more, the literature is
suggesting that “ICT” is too big a container term and that the mechanisms that drive
potential benefits of ICT can be totally different for different ICTs. Then, ICT is
unevenly distributed geographically and it does not appear to be the case that this is
because the distribution of ICT is the consequence of a random process where the
places without ICT are the most likely to receive it next. We also see that increasing
ICT adoption in firms comes with increased risk, that ICT adoption evolves in steps
where still many firms are just in the first stages, and that the benefits of ICT differ
according to which kind of goals a firm has. Consequently, the thesis should be
understood as an attempt at fuelling a critical debate about the GPT approach as far
as ICT is concerned. Future research should lead to an alternative way of
conceptualizing ICT that captures the effects of ICT adoption and use in a better way.
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While this goal may still be far away, we hope to have made a first step in the right
direction.
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CHAPTER 2
General Purpose Technologies: A survey, a critique and
future research directions
Abstract
Since Bresnahan & Trajitenberg’s original 1995 article on ‘General Purpose
Technology (GPT): Engines of Growth’, the concept of GPT has slowly but steadily
influenced the literature on business ICT (information and communication
technology) adoption. Considering business ICT within the framework of GPT allows
us to focus on the externalities of ICT. In the literature, these externality benefits of
business ICT have rarely been examined. Given this context, the article provides a
survey of recently published empirical studies (from 2004 to 2013) using the original
definition of GPT by Bresnahan & Trajenberg. Using the science citation index and
citations derived from Google Scholar, we found 1090 articles citing the original paper
of Bresnahan & Trajtenberg and taking ICT as a GPT; from these articles just 57 studies
provided empirical estimation of the productivity impact of ICT. Our survey suggests
that if GPT refers to the whole range of ICT, this might generate misleading results. In
general, our review of papers indicates a shift in the discussion on GPT focusing on
business ICT. The literature also demonstrates that ‐ with the availability of better
data ‐ a better distinction between infrastructure technologies and different kinds of
applications should be developed. While infrastructure technologies are uniformly
adopted among small and large enterprises, the adoption of applications is a more
complex phenomenon. In particular, the adoption of business ICT within small and
medium‐sized enterprises (SMEs) has rarely been examined.
Keywords: general purpose technologies, small and medium‐sized enterprises,
infrastructure technologies, business ICTs.
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1. Introduction
At a time of recession, technological progress of information and communication
technologies (ICTs) seems to have slowed down (Gordon, 2012). But to better
understand the progress of ICT, it is necessary to understand these technologies and
their societal and economic impact as a General Purpose Technology (GPT). GPTs have
the potential to affect an entire economy across a variety of application sectors based
on growth in the producing sector (Bresnahan & Trajtenberg,1995). The most
prominent GPTs include the steam engine, electricity, and in recent times, the
microprocessor, the computer, the Internet, broadband, and fiber optics. These
technologies have a potential to raise the labor productivity hence affecting economic
productivity at the micro, meso, and macro level. Just like the steam engine had a
major impact on productivity growth, thereby triggering the first industrial revolution
in the United Kingdom in the 1800s, ICT might even have a bigger impact on
productivity growth (Crafts, 2011). This is why we nowadays hear the term ‘third
industrial revolution’ or ‘the digital revolution’ (Brynjolfsson & McAfee, 2011) as
having reshaped the entire economy. The use of ICT in firms leads to a redistribution
of employment in certain sectors and to workers depending on certain levels of skills.
However, the knowledge used for developing new digital applications can also be
used to utilize new knowledge in economic activities in different sectors which is
argued to spawn a process of transition towards the so‐called ‘knowledge economy’
(Sellens, 2009).
Based on a narrow definition, GPTs are mostly conceptualized on the basis of
characteristics such as pervasiveness, inherent potential for technical improvements,
and innovational complementarities giving rise to increasing returns to scale
(Bresnahan & Trajtenberg,1995). Loosely speaking, the narrow definition is concerned
with the extent to which a technology has been widely adopted, has obvious use to
make matters more effective and efficient. Various forms of ICT indeed possess these
characteristics. In contrast to the narrow definition, a broader definition of business
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ICT takes a variety of additional aspects into account such as the co‐development of
firm‐level capabilities or the impact on technological change at the industry or
country level. In the survey, we focus on the empirical evidence on business ICTs using
this narrow definition of GPT. Our survey provides a framework for the discussion on
business ICT (Fichman, 2004; Chris Forman & Goldfarb, 2006), but also complements
research on ICT business value (Kohli & Grover, 2008; Melville, et al., 2004). Our
results show that large, infrastructural technologies (such as fiber) do indeed support
the ICT‐as‐a‐GPT hypothesis but also show that the results differ with respect to ICT
applications. From a conceptual point of view, it is therefore necessary to disentangle
the different forms of ICT. We see this most clearly in our survey with respect to
differences between ‘infrastructure technologies’ and ‘ICT applications’ as the
external effects of these technologies differ, but it is likely that also within these
categories one could benefit from further distinctions.
Some noteworthy reviews have appeared in the mid 2000s (Carr, 2003;
Fichman, 2004; Chris Forman & Goldfarb, 2006; Melville, et al., 2004; Wade &
Hulland, 2004) that cover in detail issues regarding the ICT adoption, valuation and
productivity implication and these reviews include notable and well‐cited articles in
these fields. These studies support the view that further investment in ICT and
complementarity effects are important for the growth of ICT as a GPT. The current
survey provides a more recent overview. We initiate our discussion based on these
articles and discuss how the following empirical literature addresses the key points
raised by these articles.
Table 1 provides an overview of all surveys available on the topic on business
ICT and GPTs. A key issue in the debate has been whether or not a productivity
paradox is surrounding the application of ICT in society (the paradox is that
productivity seems to decline with increasing investment in ICT). After some notable
articles considering the issue (Barua, Kriebel, & Mukhopadhyay, 1995; Brynjolfsson &
Hitt, 1996; Devaraj & Kohli, 2003), a consensus emerged that the ICT‐productivity
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paradox was related to incomplete measurements or the early time period of
observation (Brynjolfsson & Hitt, 2000; Kohli & Grover, 2008). Table 1: Overview of
prominent previous literature reviews on ICT contributions (in the Early 2000’s)

Table 1
Study
Melville et al., 2004

Method
Develop a model of ICT business
value based on resource based view

Results
Investments in ICT provide value but
this
value
depends
upon
complementary resources, competitive
environment, general macroeconomic
atmosphere,
synergies
between
technical and human ICT resources
yield
short‐term
competitive
advantage.

Wade and Hulland,
2004

Explore and critically evaluate the
use of RBV of the firm by IS‐
researchers.

Fichman, 2004

Using concept from real options to
evaluate
the
investment
opportunities in ICT‐platforms

Forman and Goldfarb,
2006

Studying the factors of ICT Diffusion
to businesses

Carr, 2003

Comparison with earlier GPTs like
Electricity and Railroads

Providing a review of resource based
view, typology of IS‐ resources and then
determining
resource
complementarities and moderating
factors for evaluating IS‐resource/ firm
performance relationship
Determining the option value
associated with investments in
innovative ICT platforms to address
when a firm should take a lead role in
innovation with emerging technologies?
Categorized the research into two main
themes, adoption costs and benefits,
and internal organization of the firm
and external environment
Studying the evolution of ICT, ICT is
found out to follow the pattern of
earlier GPTs. Its power and ubiquity has
grown so strategic importance is
diminished. This makes infrastructural
technology which is necessary but not
the only condition to attain sustained
competitive advantage.

Research on GPT in general and on ICT in particular focuses on two set of
problems. First, an adoption decision related to the difference between uncertain
benefits and uncertain costs of a new invention (Hall & Khan, 2003) and a second
decision with respect to the extent to which new inventions are related to
productivity (Brynjolfsson & Saunders, 2010). There is some agreement that both
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decisions are interrelated, but research does not equally focus on both. It is well
noted in the literature that the impact of ICT is greater at the firm level compared to
the industry and country level (Brynjolfsson & Hitt, 2000; Matteucci, O'Mahony,
Robinson, & Zwick, 2005). In this literature survey, we are looking at the shifts in the
discussion on ‘business ICT’ over the period 2004 to 2013. The choice of this period is
related to two points: i) emergence of a new era in telecommunication development
(i.e., third generation applications) (Barr, 2000) and b) new structure of demand for
telecommunication services requiring a demand‐side analysis of infrastructure
(Frischmann, 2005). In focusing on articles using the narrow definition by Bresnahan &
Trajtenberg (1995), we consider empirical studies on business ICT. This results into a
total of 57 articles in the survey. There are various reasons for choosing this sample.
In contrast to previous reviews, we use the narrow definition of business ICT as GPT to
examine not only macro level studies, but also meso and micro level studies. As
pointed out in a recent survey by Cardona, Kretschmer & Strobel (2013), the empirical
evidence with respect to the GPT hypothesis of ICT is mixed and needs further
investigation. We complement their work by looking at different aspects of ICT
separately (most notably: ICT application and ICT infrastructure and focus on business
ICT adoption. The recent literature increasingly emphasizes the need to study specific
ICT applications because it helps us to understand how ICTs generate superior and
varying returns, and how the complementarities of ICT can be empirically verified
(Aral, et al., 2012; Aral & Weill, 2007).
We consider the most recent debates surrounding ICT with a special focus on
fiber optics and broadband, using the narrow definition of ICT. In contrast to the
prevailing view focusing on ICT investment at an aggregate level or counting the
number of ICT employees (Aral, et al., 2012), we concentrate on adoption and
investment in different types of ICT applications. Aral & Weill, (2007) found that
investments in different kinds of ICTs can have competing performance outcomes
(Aral & Weill, 2007) because ICTs are distinct from each other in terms of their
functionality and performance outcomes. In addition, we propose that considering all
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ICTs as GPT may provide erroneous and ambiguous results because every ICT plays a
distinct role in shaping firms’ organizational structures and performance. Hence, it
makes more sense to disentangle different ICT technologies by making a distinction
between ICT use in production, services, administration, and logistics, as well as
communication technologies (Ciarli & Rabellotti, 2007). As a result, we put more
emphasis on recognizing ICT at the application level to get more insights on the
consequences of the adoption of ICT.1 A further advantage of breaking ICTs into
functional units is that it would enable researchers to address the adoption issues
related to SMEs. As mentioned in the literature, SMEs have specific needs that are
different from larger firms.
The purpose of this review is to summarize the established empirical
evidence about ICT as a GPT and to illustrate how various themes regarding ICT as
GPT have emerged in the literature. The idea is to understand the extent to which ICT
can be considered as a GPT and to get additional pointers as to how research on ICT
as a GPT can proceed. We find that the literature on business ICT in this tradition
provides new insights into the relationship between business ICT and performance
with respect to the effects of new services (in contrast to infrastructure) applications
and their positive performance effects. Studies in our sample cover: 1) the main
determinants of ICT adoption/ diffusion, 2) ICT and digital divide, 3) the impact of
adopting ICT, 4) the reasons that ICT has varying returns/ outcomes for different
target groups, 5) the relationship between ICT and value creation and, finally 6) the
role of ICT in knowledge creation.
The sample consists of studies at the country, industry and firm level that
consider ICT such as 1) infrastructure (hardware, broadband, and telecommunication
equipment) and 2) services (e‐business and enterprise software). Our results indicate
a shift in the ‘ICT as a GPT’ literature around the early 2000s where empirical evidence
1

There is some ambiguity regarding what constitutes GPT in the ICT context. In this paper, we will take
up all forms of ICT infrastructures, investment in ICTs and ICTs at the application level keeping the
general trend of discussion on this issue intact.
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increasingly shows that the traditional way of using aggregate measures of
information and communication capabilities as drivers of firm performance provides
an incomplete snapshot of a more complex and richer mechanism of ICTs affecting
productivity. The studies in our sample highlight a need for looking at particular
technologies and their roles in understanding ICT and organizational
complementarities. Therefore, empirical studies are increasingly aimed at
disentangling ICT infrastructure from an ICT business perspective. In addition, the
network aspect of ICT (linking firms across industries) and the different functionalities
of various forms of ICTs have been important to understand processes of adoption
and diffusion. ICT has been used as a basis for communication between collaborating
firms to exchange knowledge. In this sense, the true GPT properties of broadband
have just barely been tested and further empirical support and theoretical
underpinning is needed.

2. Literature Search Strategy
The reason for choosing the articles on business ICT is based on the extent to which
they use the narrow definition of GPT by Bresnahan & Trajtenberg (1995). First, we
systematically searched articles using Bresnahan & Trajenberg’s definition from 1995
from Google Scholar. The three criteria proposed by Bresnahan & Trajtenberg are
pervasiveness, inherent potential for technical improvements, and innovational
complementarities giving rise to increasing returns to scale. In case the papers include
and form bases on the above mentioned criteria, we included them in the sample and
otherwise not.
As on August 08, 2013, there were 1462 articles citing their article. Second, we
filtered our sample according to year of publication and extracted articles from the
period 2004 to 2013. The year 2004 was selected as the starting point because it was
important for several reasons. Most importantly, report on OECD countries recorded
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a rise in ICT spending after two years of record declines (Pilat, 2005). As more firms
start to invest in ICT based firm solutions, firms shifted their focus mainly towards ICT‐
enabled changes and therefore more sophisticated and faster use of information
started taking place. This resulted in firm processes being streamlined and value chain
transformed. Hence the innovational complementarities became more prominent.
After we applied the year filters (from 2004 to 2013), we obtained a sample of 1090
articles. Then, we studied in the three characteristics of GPT defined by Bresnahan &
Trajtenberg, i.e. pervasiveness, inherent potential for technical improvements and
innovational complementarities in context of business ICT and excluded the articles
that were not based on these characteristics, which resulted in a total of 251 articles.
Based on these articles, we looked for articles that were empirical and published in an
academic journal (disregarding chapters in books and conference papers). This
resulted in 57 articles fulfilling these criteria. The details are listed in Appendix A. The
sample seems to be rather small because of the narrow GPT definition of Bresnahan &
Trajenberg. Although, applying a broader definition of GPT would result in greater
number of articles but focal point of discussion will move from the core that
Bresnahan & Trajtenberg discuss.

2.1.

A Thematic Analysis of General Purpose Technology
Publications

The papers were read, analyzed and grouped according to their thematic content.
Bresnahan & Trajtenberg (1995) state that ‘GPT’s are characterized by pervasiveness,
inherent potential for technical improvement and innovational complementarities,
giving rise to increasing returns to scale’ (see Figure 1 for a schematic representation).
Block 1 contains pervasiveness, inherent potential for technical improvements and
innovational complementarities as major components explaining increasing returns to
the scale. Papers in our sample address one or more of the characteristics of GPT as
defined in the left hand side block. From recent surveys of Cardona et al., (2013) and
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Draca et al., (2006), we conclude that ICT does indeed contribute to increasing returns
to scale but how ICT generates higher returns has been and still is a grey area which
needs further investigation, as also pointed out by Kohli & Grover (2008). Our focus in
this survey was to study in detail the components that determine increasing returns
to scale from the GPT perspective, that is, the left hand side of the figure.

Figure 1

Pervasiveness

Inherent potential
for technical
improvements

Innovational
complementarities

Increasing
returns to
scale

General purpose technology aspect of how IT generates higher returns

The literature on the impact of ICT on firm performance has been increasingly
emphasizing to study the types of ICT to understand how and when ICT matters (Aral
& Weill, 2007; Galliano & Roux, 2008; Zand, 2011). These studies show that the
importance of ICT cannot be completely comprehended unless the ICT types are
studied in greater detail. Hence we not only study the evidence on GPT characteristics
of ICT, but also disentangle the ICT types presented in the literature to understand
what is known about the importance of business ICT and what else we need to
understand in order to assess the importance of business ICTs for firm performance.

2.2.

ICT as General Purpose Technology

Based on the characteristics of GPTs by Bresnahan & Trajtenberg (1995), we analyze
recent empirical studies taking up ICT as GPT on the following dimensions:
1) ‘Pervasiveness’ of ICT refers to ‘ICTs pervasive use in all the sectors’ or ‘use
of these technologies as inputs by many downstream industries’. Although this means
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that ICT are already diffusing in a wide range of application sectors (Ciarly and
Rabellotti, 2013). However, the extent and speed of technology adoption are not
ubiquitous and often depend upon the presence of complementary factors (Beaudry,
Doms and Lewis; 2010). Further, the process of adoption and practical usage is
gradual hence old and newer systems have to work in parallel with each other for
longer periods of time. Hence ‘pervasiveness is the potential broader application of a
GPT in a wide range of areas where economic activity is conducted’.
2) ‘Innovation complementarities’ are linked to the phenomenon of ICT that
the ‘intensity of R&D in downstream industries increases as a consequence of
innovation in the GPT’. This concept is very broad and cover many forms of
innovational activities mainly taking place at inter‐ and intra‐organizational level,
which can be categorized as products/services, process, organizational and marketing
innovation (Guerrieri & Padoan, 2007).
3) Inherent potential for technical improvements with respect to ICT is
related to ‘technological dynamism’, where a technology not only evolves over time,
but its marginal cost of reproduction is only a fraction of original cost of production,
highly customizable and innovated endlessly (Park, Shin and Sanders, 2007)
When ICT is considered as a GPT, it implies that ICT has a potential to alter
product design and manufacturing, management, finance, marketing, logistics and all
other firm activities (Fabiani, Schivardi, & Trento, 2005). If ICT has enabling
characteristics (i.e., paving the way for further developments and innovation), it can
be classified as GPT and this creates implications for management and policy decisions
such as whether or not to invest in ICT. ICT as a GPT also implies that there is an
impact on productivity based on two mechanisms: The first mechanism is capital
deepening and replacing the less efficient input by the more efficient one (Gordon,
1999, 2000). In this view, no total factor productivity improvements are in other than
ICT producing sectors. The second mechanism stems from the importance of the
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knowledge economy (S. D. Oliner & D. E. Sichel, 2000). ICT due to its inherent
characteristics of digitization of firm processes improves the firm performance based
on innovation. Hence the spillovers generated by ICT have an impact on ICT producing
as well as ICT application sectors.
In the debate on ‘business value of ICT’, it has been argued that the
accessibility of technology is hardly related to superior performance (Bharadwaj,
2000; Brynjolfsson & Hitt, 2000; T. C. Powell & Dent‐Micallef, 1997) because the
technology is available to anybody, including a firm’s competitors. In other words, ICT
cannot provide a strategic edge to a firm (Carr, 2003). This is, we feel, an obvious
simplification of the argument. The main point of a GPT is that it has the potential of
lifting sectors or even countries as a whole to a higher level, but this does not
preclude differences within sectors or countries (P. A. David & Wright, 2006),
however, it is to be noted that in reality, the adoption of business ICT is rather an
uneven process. Those who adopt earlier might have an advantage, or those firms
whose ICT is complementary to some of their other organizational resources might
have a, perhaps temporary, advantage (Arvanitis, 2005).
Innovation or innovation capability is one important complementary
resource of ICT. The literature identifies that ICT combined with innovation (called
ICT‐enabled innovation) has the potential to provide superior returns. Various studies
have identified practical examples of why and how firms use ICT. These include:
enabling online ordering, improving customer services, increase switching costs,
provide fast and cheap delivery services, reduce inventory costs, improve supplier
relationships and increase operational efficiencies.

3. Research Theme 1‐ Main Determinants of ICT Adoption/
Diffusion
A number of studies in our sample such as Fabiani, Schivardi, & Trento (2005), Wolff
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(2006), Ciarli & Rabellotti (2007), Forman, Goldfarb, & Greenstein (2005a), Forman,
Goldfarb, & Greenstein (2005), Forman, Goldfarb, & Greenstein (2005b), Haller &
Siedschlag (2011), Tsikriktsis, Lanzolla, & Frohlich (2004), Galliano & Roux (2008)
provide important insights into the understanding of the process of adoption and
diffusion of ICT. We now give an overview of the main insights, ranked according to
functional characteristics, firm level factors, and industry and country level factors.

3.1.

ICT: Functional Characteristics from an Adoption Perspective

A few studies in our sample make a clear distinction between ICT infrastructure
technologies and applications, including differences within applications. Forman,
Goldfarb and Greenstein, (2005 a,b) are among a limited number of studies that
closely monitor the adoption process by making a distinction between basic
communication (email, browsing) so called ‘participation’ and complex ICT
technologies (e‐business) called ‘enhancements’. They further classify these
technologies into within establishment communication (WEI) and across
establishment communication (CEI). As a result, they found varying patterns of
adoption for each of these technologies. While the global village theory2 is mainly
supported in case of participation within which strong support is found for CEI; the
urban density theory3 provides for some strong support for WEI. Goldfarb and
Greenstein’s (2005 a, b) study has been a major milestone by focusing on the
‘functionality of ICT’ rather than treating ICT using a holistic approach. However, these
studies are based on establishment level so they do not focus on the firm level
characteristics and provide little evidence on the ICT adoption by SMEs.
At the firm level, several studies have investigated different sets of ICT
infrastructure and applications taking both traditional and non‐traditional variables
into account in ICT adoption. The traditional factors include firm size (measured by
2

Global village theory is defined by Marshall McLuhan as the shrinkage of world by modern
telecommunication devices (McLuhan, Fiore, & Agel, 1968).
3
Urban density theory states that cities will continue to maintain their importance because of presence
superior infrastructure and other services (Chris Forman, et al., 2005a)

34

number of employees and sales turnover), skill level of employees (measured by
number of university graduates, number of employees using a PC, average level of
remuneration), belonging to a group, export intensity, market share, firm location
(urban vs. rural) and while non‐traditional ones can be the level of adoption in the
sector, or environment, work reorganization, organizational practices (such as team
work, flexible working hours), organizational structure etc. Literature studying only
basic communication based on email and internet search (Galliano & Roux, 2008)
indicates that these basic technologies are widely adopted throughout urban and
rural localities, even if differences across regions and counties in terms of adopting
basic internet still persists which is in line with Forman, Goldfarb and Greenstein,
(2005 a,b). Haller & Siedschlag (2011) study adoption of inter‐firm (usage of website
and online orders) and intra‐firm technologies (share of employees using computers
and share of turnover due to online transactions) by examining a sample of Irish firms.
Fabiani, et al., (2005) takes an in depth analysis of various technologies such as
adoption of PC, ICT expenditure, software, website updating and network technologies
on firm’s internal characteristics, labor flexibility and local industrial variables and find
that these different technologies follow a distinguished adoption/diffusion path
contingent upon their inherent characteristics (or generic function). They term the PC
as a mature technology whose availability is contingent upon demand. Fabiani et al.
(2005) also hypothesize that the network aspect of ICT technology might exacerbate
coordination problems hence large firms may act as a coordination mechanism.
Furthermore, Ciarli & Rabellotti (2007) use ICT expenditure as an input
variable and make a distinction between ‘generic ICT’ (in this case, ADSL technologies)
and ‘strategic ICT’ (by referring to communication technologies such as active use of
websites and adoption of E‐commerce). Their study strongly emphasizes the
functional decomposition of ICT as a way to understand the pattern of ICT adoption.
Galliano & Roux (2008) and Galliano, Roux, & Soulié (2011) further introduce a
different distinction of ICT by focusing on the adoption and intensity of use of email
and internet adoption. Ulmanis and Denins (2012) also study the adoption patterns of
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‘general ICT’ and ‘ICT uses’ (client web processes, business process and enterprise
planning applications). In order to examine some non‐traditional factors, Tsikriktsis,
Lanzolla and Frohlich (2004) investigate the antecedents of adoption of e‐processes
(e‐CRM and e‐transaction) by service firms. They take the rational efficiency (expected
performance benefits and accessibility to new market), bandwagon effect (measured
by external pressure) and internal and customer related barriers and measure how
they affect the Internet use for e‐transaction and e‐CRM (Customer Relationship
Management).
The commonality in all these adoption studies is their emphasis on the so called
‘generic or infrastructure’ and ‘strategic’ technologies and we can see clear
differences in their adoption paths. The studies also indicate that an urban/rural
divide is less relevant for the basic or generic technologies even if urban firms are
more intensely using generic technologies (Galliano & Roux, 2008; Galliano, et al.,
2011; Haller & Siedschlag, 2011). While the adoption of basic ICT technologies is
similar in urban and rural firms, significant differences are noted between the two
groups in terms of intensity of strategic ICT usage (urban firms tend to use strategic
ICT more intensely) as noted in the above mentioned articles. At the intra‐firm level,
firm size does not correlate with intensity of strategic ICT use (Galliano & Roux, 2008);
even the pace of diffusion of the new technology seems faster in small firms (Galliano,
et al., 2011). For more complex ICT applications such as e‐processes, expected
performance benefits play a key role in technology adoption (Tsikriktsis, et al., 2004).

3.2.

The Key Firm Level Factors of ICT Adoption

Every firm has certain characteristics that determine both its ICT adoption pattern and
the benefits received from adoption. This includes firm size, skill level of human
resource, firm location, foreign origin etc.
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3.2.1.

Firm Size

Firm size has been extensively used by studies in our sample literature. Firm size
influences adoption, intensity of use and the productivity from ICT. Based on firm size,
firms have different levels of financial resources, innovation capacity and a variety of
skills. In the discussion on SMEs, larger firms are recognized to be more inclined
towards using ICTs compared to smaller firms (Galliano & Roux, 2008; Haig, 2002;
Sadowski, et al., 2002; Simpson & Docherty, 2004); owing to the fact that they can
earn higher profits from adopting ICTs and have fewer financial constraints and are
less risk averse (Geroski, 2000).
Studies in our sample that use firm size include Haller & Siedschlag (2011),
Galliano & Roux, (2008), Ciarli & Rabellotti, (2007), Galliano & Roux, (2008) and
Fabiani et al., (2005). Firm size in the literature is empirically studied by using two
proxies: the number of employees and the average annual sales turnover. While the
firm size does not matter for more generic basic communication technologies such as
email and Internet in case of adoption and intensity of use (Ciarli & Rabellotti, 2007;
Galliano & Roux, 2008); it influences the adoption of other more advanced ICT. Haller
& Siedschlag (2011) state that larger firms are more likely to have a website compared
to smaller size firms with 20 or less employees. Size has however, no effect on
intensity of use, and the intensity of Internet and email seems to result from the
environmental factors (sector, competitiveness, rural/ urban locations) than from
internal factors (Galliano & Roux, 2008). Fabiani et al., (2005) studying firm size based
on annual turnover found that firm size is even significant for adopting organizational
software and network technologies even if large firms adopting this technology
earlier. It seems that there is a non‐linear relationship between firm size and ICT
adoption as indicated by Hollenstein (2004) however, this finding cannot be
confirmed across different types of ICT but more within a particular technology class.
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3.2.2.

Human Resources: Skill level

The literature on the relationship between human capital and technology adoption
has shown that workers with higher education are more likely to utilize new
technology (Arvanitis, 2005; Bresnahan, et al., 2002; Chun, 2003). As indicated by
Hollenstein (2004), one major obstacle in ICT adoption is the lack of ICT competencies
and suitable ICT training. The innovation capacity of a firm is higher if it is more
diversified and has more highly qualified human capital.
The literature reviewed also highlights the importance of human capital in
technology adoption. Fabiani, et al., (2005), (Ciarli & Rabellotti, 2007), and Haller &
Siedschlag (2011) state that human capital is a strong factor for determining adoption.
Human capital is differently measured across studies though. Haller & Siedschlag
(2011) measures it based on employee composition variables such as average wage
per employee, share of managerial and technical employees, and share of clerical
employees. (Fabiani, et al., 2005) uses workers’ average year of education and the
share of white collar employees (Fabiani, et al., 2005) to represent human capital
while Galliano & Roux (2008) use average level of remuneration as a proxy for skill
level. Both find significant linkages between ICT adoption and use with human capital
and average level of remuneration. Further, taking a sample of 217 U.S. Metropolitan
areas in the period 1980‐2000, Beaudry, Doms & Lewis (2010) state that PC adoption
has risen significantly faster in more educated markets. This phenomenon called
endogenous diffusion of technology shows that diffusion accelerates in markets in
which laborers possess higher skill levels. The concepts of endogenous adoption of
technology (Basu & Weil (1998) Zeira (1998)) postulates that the pace and extent of
technology adoption is endogenous and based upon comparative advantage
(Beaudry, et al., 2010). Hence a technology is not uniformly available rather adoption
takes place in surroundings where other complementary factors are available as well.
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3.2.3.

Firm Location

The speed of Internet and wireless usage seems to have made geographies irrelevant
to ICT adoption (Cairncross, 2002). In a firm context, ICTs have enabled firms to even
run from remote locations and urban localities do not hold their importance as
indicated in the global village theory (McLuhan, et al., 1968). The empirical evidence
from the literature indicates that location indeed matters little in case of more generic
ICTs such as email and Internet (Galliano & Roux, 2008) or for having a website (Haller
& Siedschlag, 2011), however, firms located outside urban locations are less likely to
accept online orders (Haller & Siedschlag, 2011). In case of advanced technologies,
urban localities keep their importance (C. Forman, et al., 2005).

3.3.

Industry and Other Environment Environmental Factors

Owing to specificities in industrial districts, the firms operating there can have a
different adoption path of ICT. Fabiani, et al., (2005) find that the presence of large
firm in the local environment positively affects ICT adoption in terms of organizational
software and website updating. Firms in the proximity of larger firms also adopt
faster. Ulmanis & Denins (2012) also study the adoption of ICT on environmental
factors such as the perception of competitive forces in bringing about increase in
perceived benefits and reducing obstacles and indeed find support for their
hypothesis. Some industries are indeed more likely to adopt ICT intensively.

3.4.

Country Level ICT Diffusion

At the country level Doong and Ho (2012) show that countries with higher Gross
National Income (GNI) tend to invest more in ICT infrastructure and have a faster ICT
development path. Further, country and regional effects seem to play a role in ICT
diffusion. Guerriri, Luciani and Meliciani (2011) tested the GPT characteristic of ICT by
investigating the decision of firms to invest in these technologies. They conclude that
the general firms’ environment where the investment is taking place matters for the
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ICT investment decision. They include facilitating conditions such as changes in market
regulation, amount of human capital, expenditure on R&D and share of dynamic
services sector in the economy. It is often stated that slower productivity growth of
the European Union compared to the United States is attributed to differences in the
use of ICT but despite raising the share of ICT in EU countries, the labor productivity
growth in most of these countries has slowed down. Biswas & Baptista (2012)
conclude that there is a high disparity between small and large firms in EU in terms of
using sophisticated ICT and the more sophisticated ICTs are, the less likely are the
SMEs to adopt them. They further raise concerns that due to strict labor law
regulations implemented in the EU, it is hard to replace a non‐technical worker with a
worker who has (or has more) superior ICT skills. According to Brynjolfsson (2000), ICT
does not make the pie of profits bigger but redistributes it so that the benefits of ICT
accumulate within firms using sophisticated ICT. Kumar, Malathy, & Ganesh (2011)
provide evidence on the Indian banking industry about the substitution of Automated
Teller Machines (ATM) with a traditional teller. They note that the reduction in the
price of the substitute technology and/ or increase in the price of substituted method
increase the likelihood of technology diffusion. In essence, these studies indicate that
ICT pervasiveness is shaped by market conditions, geographical factors, technology
and internal firm features.

4. Research Theme 2 ‐ ICT and the Digital Divide
A study by the ITU (2009) identifies three main factors affecting the digital divide (the
difference in access, use or knowledge of ICT across some factor of interest). In
general terms, the digital divide has been analyzed by: i) measuring or exposing the
digital divide (its extent and pace of development) and ii) explaining determinants of
the digital divide (Corrocher & Ordanini, 2002). Vicente & Lópex (2011) identify
economic wealth as the key factor for emerging disparities in ICT adoption and
differences both between countries and individuals. Besides this factor, disparities in
educational attainments, population size, density and degree of urbanization are also
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influencing the emergence of a digital divide. Studies in our sample have addressed
the digital divide at the firm, regional and country level.

4.1.

Firm Level Digital Divide

The literature in this tradition has shown that intra‐firm diffusion in medium‐sized
firms is rather high (Hollenstein, 2004). Hence studies have concluded that there are
non‐linear effects of intra‐firm diffusion related to size and purpose of diffusion.
Larger firms use ICT to better manage informational flows related to their production
processes and smaller firms use essentially ICT for commercial purposes (Greton et al.,
2004; Hollenstein, 2004).
At the firm level, recent literature has indicated that there is a need for
addressing the ‘why’ question of ICT adoption i.e., why firms use ICT at varying rates.
Galliano and Roux (2008) study the rank (internal and external) determinants and the
epidemics (uncertainty) related factors to determine adoption and intensity of ICT
usage. They conclude that spatial inequalities are no longer significant in the process
of ICT adoption but are important components in determining ICT appropriation and
usage. SMEs are generally considered as slow adopters of ICT technologies. Even if
there are some benefits of ICT adoption for small firms due to reduced need for
monitoring, the cost of ICT implementation are still high and depend on firm size.
Hence, small firms adopt once the benefits outgrow the inherent cost of adaptation.
Studies in our sample indicate that spillover effects do exist in ICT adoption due to the
presence of larger organizations (Fabiani, et al., 2005; Haller & Siedschlag, 2011) and
external pressure is favorable to ICT adoption (Tsikriktsis, et al., 2004). In other words,
external effects positively affect ICT adoption.

4.2.

Regional Level Digital Divide

Research at the regional level has rather been scarce and refers mostly to locations in
the United States. Some of these studies include Chakraborty & Bosman (2005),
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Greenstein & Prince (2006) and Warf (2001). In this context, Vincente & Lopez (2011)
measure and explain the digital divide on a regional basis by using data from the 164
regions of EU‐27. The results of their study indicate a large digital divide across EU
regions and show that there is a gap between top and bottom regions exceeding 50
percentage points based on a variety of indicators (such a percentage of households
with access to Internet, percentage of households with access to broadband,
percentage of individuals regularly using the Internet, percentage of individuals who
have never used a computer, and percentage of individuals who order goods or
service online for private use). The income gap is reflected in the data even after
external EU funding is taking into account aimed at overcoming the gap. Further, a
skilled workforce and native English speakers are positively correlated to high regional
ICT scores while regional unemployment rates and an older population are negatively
correlated.

4.3.

Country Level Digital Divide

Studies on the digital divide at the country level can be divided into research on the
global digital divide (i.e. the gap between countries) and on the domestic digital divide
(i.e. the gap between social groups within countries). The cross country digital divide
is related to social and economic inequalities among developed and developing
countries. In the context of GPT, Cuervo and Menezdez (2006) explicitly address this
issue for EU‐15 countries. By using a composite indicator approach, they state that
the digital divide can take two forms; first, related to the ICT infrastructure and
second, related to the costs and the availability of online public services. Doong and
Ho (2012) show that most developed countries have a converging ICT development
path but countries with different levels of GNI follow diverging ICT development
paths. Countries with higher GNI tend to invest more in ICT infrastructure.

4.4.

Digital Divide Based on Technology Types

Studies on the various forms of ICT addressing the digital divide have, in particular,
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focused on broadband infrastructure (Majumdar, 2008) and a variety of Internet
technologies such as email, website, e‐commerce (Forman, Goldfarb and Greenstein,
2005b). Research in the later tradition has challenged the well‐established view
showing that different Internet technologies might actually exacerbate regional
inequalities, concentrating benefits at only a few locations. Furthermore, it has been
argued that the advanced usage of Internet is shaped by industry characteristics
(Forman, Goldfarb and Greenstein, 2005b).

5. Research Theme 3 ‐ Impact of Adopting ICT
This research theme has been discussed within the ‘ICT business value’ paradigm. The
impact of ICT investment on firm productivity remained a highly controversial topic
during late 1990s and early 2000s as a number of economic studies focused on the so‐
called ‘productivity paradox’. The foundation of the GPT concept is rooted in the
belief that the diffusion of GPT will lead to a superior performance for different
countries, industries or firms. In our sample, studies on the growth contribution of ICT
are associated with higher national economic productivity (Park, Shin, & Sanders,
2007), superior industry level performance (Edquist, 2011) and firm level performance
(Aral, et al., 2012; Majumdar, Chang, & Carare, 2010; Majumdar, 2008; Majumdar,
2010). Again, the empirical evidence is based on differential levels of ICT investment
in various ICTs or focusing on specific cases of ICT infrastructure or particular ICT
applications.
By considering ICT as an engine of economic growth, relative economic
weight of ICT and the spillover effects of ICT generated to the entire economy are
taken as a starting point (Castiglione & Infante, 2013). It is assumed that ICT
investment will differ across sectors but it will lead to a rather continuous flow of
innovation throughout the economy. Further, the technological dynamism in ICT
provides improvements in the existing generic ICT (generic ICT sectors) and increases
the technical efficiency of systems that incorporate ICT (application ICT sectors).
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Firm level evidence shows that the ICT stands out in terms of producing superior
performance (Belvedere, Grando, & Bielli, 2013; Castiglione & Infante, 2013). A
number of studies in our sample use traditional production function approach (e.g.
using a translog, Cobb‐Douglas and growth accounting function) by taking ICT
expenditure as a more general input (Castellacci, 2010; Dimelis & Papaioannou, 2010,
2011). Other studies use more recent approaches by studying the impact of ICT in
terms of focusing on more specific ICT applications and ICT infrastructure (for
example, Aral, et al., 2012; Engelstätter, 2012; Soto‐Acosta, Loukis, Colomo‐Palacios,
& Lytras, 2010).

5.1.

ICT and Productivity using Productivity Functions

Studies using productivity function approach mostly measure productivity through
investments in ICTs (Indjikian & Siegel, 2005; O'Mahony & Timmer, 2009). The
intuition behind these studies relies on the ICT as GPT hypothesis. The traditional way
of looking at investment in ICT has already been discussed in detail in the recent
survey of Cardona, et al., (2013), but we would like to point out studies in our sample
which provide additional insights by using some non‐traditional measures. For
example, Castiglione (2011) notes a positive and significant correlation of ICT with
technical efficiency in Italian firms by using an unbalanced panel data (1995‐2003). A
firm is technically efficient when it is operating at the production frontier4. Further,
firm location and firm affiliated with a corporate group are more technically efficient.
ICT investments have positive effects on the total factor productivity (TFP) on the
Italian firms through direct investments and indirectly through new composition of
inputs required by ICT investments to optimize their benefits (Castiglione & Infante,
2013). The authors also find that firms that invest in ICT, regardless of the levels of
TFP achieve higher technical efficiency than firms that do not. Further, firms that
invest in ICTs have a higher average rate of sales. Using the EU‐15 and US data on real
4

Production frontier describes the relationship between input and outputs of a firm and specifies the
maximum output achievable by employing a combination of inputs.
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output, employment and labor productivity, Castellacci (2010) examines the
technological dynamism aspect of ‘ICT as GPT’ by investigating if industries that are
closely related to ICT producing (and ICT using) improve their productivity.
Furthermore, he studies if this dynamism affects the country level growth rate for 18
OECD countries over the period of 1975‐2005. He shows that industries closer to ICT
producing (and ICT using) improve their productivity performance compared to other
countries.
Using more traditional measures such as the impact of ICT on aggregate
output and labor productivity, Jiménez‐Rodríguez (2012) examines the link between
real output, employment and labor productivity. The study studies ICT investment in
two types of industries: ICT intensive industries and less ICT intensive industries. It
shows, in general that an increase in ICT investment is positively related to a larger
growth in real output employment and labor productivity. However, the positive
impact on labor productivity in ICT‐intensive industries is larger after mid‐1990s in the
United States US. Similarly, Dimelis & Papaioannou, (2011) take industry level data
over the period 1980‐2000 for US and EU and show that there is a long run
contribution of ICT on economic growth. They also found that the impact is larger for
industries that heavily rely on ICT.
In addition to investments in ICT, Chu (2013) uses data from the World Bank on
201 countries from 1988 to 2001. He notes that a 10% point increase in Internet
penetration is associated with an increase in GDP per capita by 0.57 to 0.63. The
coefficient decreases in magnitude but remains positive and significant during
recession. Further, Edquist (2011), in a study on Swedish industries investigates
productivity growth following the diffusion of the electric motor and ICT by
distinguishing between technology producing, technology intensive and less intensive
industries. He showed that labor productivity growth and overall contribution to labor
productivity growth was higher during the ICT diffusion period but there is no
evidence of superior labor productivity for early adopters. Further, (Wilson, 2009)
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notes that ICT goods can earn above normal returns in the United States owing to a
possibly low rental price estimates related to ICT goods and excess returns to scale
resulting from unobserved complementary co‐investments such as improvement in
firm practices, adjustment cost for example learning by doing.

5.2.

Types of ICT and Productivity

5.2.1.

Infrastructure Technology and Productivity

Infrastructure technologies such as the Internet, broadband and fiber optics enable
multiple ways through which the economy can benefit. Through teleworking,
information gathering, e‐government, distance learning, e‐commerce & e‐business,
and small firms assistance, infrastructure technologies also have far reaching
implications for enhancing firm productivity just like railroad or highway
infrastructure. Studies have shown that broadband adoption between 1988 to 2001
within firms has a positive impact on wage levels but is negatively related to
employment levels within firms (Majumdar, 2008). Furthermore, there is a positive
relationship

between

broadband

deployment

and

the

productivity

of

telecommunication operators (Majumdar, 2010). In a study on US local
telecommunication exchanges from 1995 to 2000 period, the authors indicate that
deploying digital network technology has a positive impact on a firms’ productivity but
is negatively associated with price recovery (Majumdar & Chang, 2010) while
broadband deployment is positively related to the productivity of a
telecommunication operator (Majumdar, et al., 2010).
5.2.2.

E‐business Applications and Productivity

A key attribute of successful firms vs. their non‐successful counter parts is the
efficient and effective use of ICT systems (Bharadwaj, 2000). Our sample database
reveals that the adoption of various e‐business applications has a positive effect on
firm performance. Loukis, et al., (2013), for example state that the adoption of e‐
business strategy has a positive effect on Greek firms.
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5.3.

ICT and Productivity at Country Level

At the country level, it has been shown for a sample of 201 countries from 1988 to
2010 that Internet penetration raises real GDP per capita (Chu, 2013). Furthermore,
ICT can contribute to high economic growth as demonstrated using a sample of 42
developed and developing counties over the period 1993 to 2001 (Dimelis &
Papaioannou, 2010). In addition, studies have shown that there has been a significant
effect of ICT on economic growth over the period of 1980 to 2000 in both US and EU
(Dimelis & Papaioannou, 2011). The contribution of ICT to economic productivity in
the US over the period 1995 to 2000 has been significant, but smaller after 2000 (S.
D. Oliner & D. E. Sichel, 2000). Country level evidence also suggests that the positive
effects of ICT on productivity are higher for a country which is importing ICT (Park, et
al., 2007). This effect is only significant if in the exporting country ICT‐intensive or high
tech industries are available.

5.4.

ICT Adoption and Firm Level Employment

The concept of endogenous diffusion of technology which has been discussed in
section 3.2.2, states that technology diffuses in locations possessing higher skill levels.
The adoption process is gradual and has certain impediments that hamper the
adoption. In this adoption process, the older systems have to work in parallel with the
older systems unless new technology is able to substitute the older technology. In this
context, a lower level of human skills can be replaced by a higher level of human skill
or alternatively the technology can completely replace the worker. Kumar, Malathy
and Ganesh (Kumar, et al., 2011) provide evidence of the rapid diffusion of
Automated Teller Machines (ATM) in the Indian banking system during 1998 (nine
years after their first adoption) and record the coefficient of substitutability of tellers
by ATM to be 0.56. This can be attributed as contrary to the ‘general purpose
technology’ argument that GPTs due to their ubiquitous presence should increase
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employment because of the requirement for higher skilled labor. However, a decrease
in employment might also occur. Majumdar (2008) discusses this relationship
between ICT and employment and point at two key factors that imply a decrease in
human capital owing to adoption of ICT. The first one is ‘scale effect’ which postulates
the substitution of physical capital with human capital. Hence the situation where ICT
capital can substitute for human capital would result in a decrease in employment.
The second factor through which a decrease in employment can occur at the firm
level is ‘skill effect’. Since human capital is essential for technology adoption, the
demand for skilled labor is increasing with ICT adoption (capital‐skill
complementarities). ICT adoption can however be a substitute for unskilled labor
hence it can have also a negative impact on firm level employment. Subsequently,
Majumdar (2008) tests this hypothesis empirically by using data about the U.S.
telecommunication industry over the period between 1988 and 2001. He finds that
broadband deployment has a negative impact on employment level of U.S.
telecommunication industry while observing 9 to 14 percent increase in average
wages. This implies a substitution of unskilled labour with skilled labour and hence the
paper concludes that there are technology‐skill or capital skill complementarities.

6. Research Theme 4 ‐ How does ICT create Value?
In the GPT context, this question relates to the right hand side of Figure 1. Figure 1
shows the mechanisms through which a GPT produces increasing returns to scale.
Firstly, the wide acceptability and applicability of a GPT (in other words its
pervasiveness) implies that the application sectors of a GPT form the key factors for
increasing returns. However, each application sector has its distinct demand due to
which the GPT has to dynamically provide applications which cater to the specific
demands of applications. This dynamism and experimenting with the technology is a
distinct character of a GPT. Thirdly, the GPT provides application sectors with the
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opportunity to innovate within the sector that is complemented by the technical
progress going on within the GPT. These complementary innovations further increase
the returns to scale.
Bresnahan & Trajtenberg (1995) investigate the dynamic issues related to
GPT. The GPT and its Application Sectors (AS) undergo technical progress over time.
The inability of GPT and AS to correctly estimate the rate of progress of each other is
resulting in insufficient innovations deters the social gains from GPT. So in this section,
we are going to have a closer look as to how our sample addresses private returns to
the adoption of new technologies, returns to innovation at firm level and the
subsequent returns to scale.
The paper by Bresnahan & Trajtenberg (1995) emphasizes the generic
function of a GPT. In this context, ICT is too broad to be associated with a generic
function. The studies in our sample include different forms of ICTs and their
subsequent ‘generic functionality’. We list these types and generic functionalities in
Table 3. It has to be noted that all of these ICT types are not covering the aspect
‘’how’ these technologies generate additional output?’
The innovation spawning characteristic of a GPT has, in particular, been
investigated in the literature studying how ICT creates firm value. In this context, a
number of studies examine the ability of ICT to make it easy to invent new products
and processes (Jovanovic & Rousseau, 2005). As discussed earlier, a wide array of
research has been dedicated towards linking ICT investments with performance
effects. Now we focus on the question how frontier ICT technologies can lead to
superior economic performance (McAfee & Brynjolfsson, 2008).
Table 2 explains the ICT types studied in the sample of studies that we survey
and provides the definition of generic ICT function associated to each ICT type.
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Table 2. ICT Types and their Generic Functionalities according to the GPT
ICT Type

Studies

Generic Function

Broadband

(Biswas & Baptista, 2012; E. Mack &
Faggian, 2013; E. A. Mack, 2012; S.
Majumdar, 2010; S. K. Majumdar,
2008; S. K. Majumdar, et al., 2010;
Prieger, 2013; Vicente & López, 2011)

A transmission medium with wide bandwidth
and with its ability to transport multiple
signals and traffic type simultaneously. A
broadband transforms the composition of
local loop network operated by telecom
firms.

ADSL

(Ciarli & Rabellotti, 2007)

A data communication technology providing
faster data transmission over copper
telephone lines.

Digital
technology

(S. K. Majumdar & Chang, 2010)

A technology providing internet access by
transmitting digital data over the wires of a
telephone lines.

Computer/
PC

(Beaudry, et al., 2010; Biswas &
Baptista, 2012; Dey, Fan, & Peng, 2011;
Haller & Siedschlag, 2011; Vicente &
López, 2011); Dey, Fan & Peng, 2011;
Fabiani, Schivardi & Trento, 2005

A technology that can be programmed to
carry out set of arithmetic and logical
instruction

Internet

(Biswas & Baptista, 2012; Doong & Ho,
2012; Chris Forman, et al., 2005a; C.
Forman, et al., 2005; Chris Forman, et
al., 2005b; Galliano & Roux, 2008;
Galliano, et al., 2011; Gholami, Guo,
Higon, & Lee, 2009; S. Chu, 2013; Soto‐
Acosta, et al., 2010; Vicente & López,
2011)

A global system of interconnected computer
networks using the standard TCP/IP to
provide worldwide services carrying extensive
range of information resources and services
such as world wide web, infrastructure for
supporting emails and peer‐to‐peer networks
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Table 2 (Cont). ICT Types and their Generic Functionalities according to the GPT
Email

Galliano & Roux, 2007; Galliano, Roux
& Soulie, 2010

A technology to support exchange of digital
from one author to one or more recipient.

Applications

Web infrastructure

A service providing shared self‐service web
content and application hosting environment,
discrete web hosting environment, providing
web proxy and redirection services.

(Ciarli & Rabellotti, 2007; Fabiani, et
al., 2005; Haller & Siedschlag, 2011;
Soto‐Acosta, et al., 2010; Vicente &
López, 2011)
E‐Commerce
(Ciarli & Rabellotti, 2007; Fabiani, et
al., 2005; Haller & Siedschlag, 2011;
Tsikriktsis, et al., 2004)
E‐Business
(Engelstätter, 2012; Fabiani, et al.,
2005; Loukis, et al., 2013; Tsikriktsis, et
al., 2004; Ulmanis & Deniņš, 2012;
Vicente & López, 2011)
E‐HRM
(Aral, et al., 2012; Lin, 2011)
ATM Technology
(Kumar, et al., 2011)

Commercial
electronically

transaction

conducted

This includes e‐commerce but also covers
internal processes such as production,
improvements in efficiency, inventory
management etc.
An ICT application for both networking and
supporting at least two individuals or
collective actors in their shared performance
of HR. A suite of web based technologies to
provide HRM services in the firms.
‘
Electronic outlet which allow customers to
perform basic transactions

6.1.

ICT Value Creation through Infrastructure and Generic
Technologies

In the literature examining ICT infrastructure technologies, research on broadband is a
fairly recent phenomenon in the GPT tradition. Broadband provides an opportunity to
access the network infrastructure for multiple purposes like voice, streaming, emails,
online interaction and various media. As broadband enables alternative functionalities
and provides access to complementary ICT technologies, broadband has a positive
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effect on a firm’s revenue growth (Majumdar, 2010) and its wage levels (Majumdar,
2008). In addition to the simple infrastructure management, broadband provides
several additional tasks such as managing product and process innovation and CRM.
These additional tasks help firms to generate new business opportunities hence
additional revenues. Research on broadband adoption at the firm level is quite limited
with some evidence showing that there are regional differences due to broadband
leading to a digital divide at the country level. Studies examining how firms utilize
broadband in a complementary fashion to generate innovation have rarely been
undertaken.
The survey data indicate that the diffusion of personal computers is also
related to enabling technology skill complementarities. Beaudry, et al., (2010)
addresses this technology skill complementarities by taking the case of PCs. They state
that such technologies are adopted more intensively in cities where wages are initially
low; with higher returns in more educated markets. Further, computer use increases
the levels of interactive and numerical skills (i.e. the ability to understand time,
measurement and estimation); workers who use computer at work and possess
higher level of interactive skills receive higher wages and computer use complements
non‐routine tasks which contribute towards wage premium (Dey, et al., 2011).
However, Guiri, Torrisi & Zinovyeva (2008) find no complementarity between ICT and
skills.

6.2.

ICT Value Creation through Applications

The contemporary literature unanimously recognizes ICT as positively affecting firm
performance as we pointed out in section 5.2.2. However, the extent to which ICT
creates value is contingent upon several factors that include the different ICT types
(Zand & van Beers, 2010), firm structure (Hitt, 1999), industrial organization (Mack &
Grubesic, 2012), complementary organizational capital (Black & Lynch, 2001;
Brynjolfsson, Hitt, & Yang, 2002), organizational changes (Gu & Surendra, 2004;
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Murphy, 2002) etc. Brynjolfsson & Hitt (2002) have noted that ICT enables a radical
restructuring of work that allocates routine, well‐defined tasks associated with
symbols processing to computers, separates and redesign tasks that require human
skills. Secondly, with ICTs enabling an individual worker to have all the required
information for completing a complex part of a process, the historical fragmentation
of many processes can be dramatically reduced resulting in large efficiency gains.
Many studies in the surveyed literature record ‘organizational innovations’ as
a key channel through which ICT creates business value. Belvedere, Grando & Bielli
(2013) claim that ICTs has an impact on value creation because these technologies
lead to superior responsiveness of operating processes and to sound improvements in
product offerings. Furthermore, Ciarli & Rabellotti (2007) argue that ICT influences
product, process and organizational innovation. Engelstätter (2012) finds that
enterprise software systems positively affect product and process innovations. ICT
and client‐provider interaction facilitating different types of service innovations, ICT
and virtual organization impact organizational innovation (Lin, 2011) and e‐business
strategy leads to adaptation of business processes increasing the level of
decentralization at the firm level (Loukis, et al., 2013). Studies show that if ICT
applications and infrastructure are widely available throughout the economy (such as
web infrastructure), no additional benefits to e‐business value are produced while
firm strategies can create competitive advantages by using internet based innovation
and contributing to e‐business value (Soto‐Acosta, et al., 2010). Firm level evidence
further points out that there is an impact of ICT on innovation, as, for example,
product innovation is positively correlated with the number of use of communication
technologies (websites, e‐commerce, intranet) (Ciarli & Rabellotti, 2007). Evidence
from firm level data from German firms indicates that Supply Chain Management
(SCM) systems influence a firm’s likelihood of potential process innovations,
Enterprise Resource Planning (ERP) systems increase the number of process
innovations, Customer Relationship Management (CRM) systems increase a firm’s
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likelihood to acquire product innovations while firms using SCM experience increase
in expected product innovation (Engelstätter, 2012), ICT resources have a direct
impact on efficiency by using human resources (Fung, 2008). In this way ICT can
enable various impact on innovation at the firm level (Gago & Rubalcaba, 2007). In
addition, it has been shown that e‐Human Resource Management systems are
positively associated with organizational innovation in information processing and
electronics firms in Taiwan (Lin, 2011).
ICTs can have varying effects in different settings. Aral, et al., (2012) takes the
case of Human Capital Management (HCM) and finds out that HCM adoption is
associated with a large productivity premium when it is implemented as a system of
organizational incentives, but has less benefit when adopted in isolation. The system
of three‐way complements produces disproportionately greater benefits than pair
wise interactions, highlighting the importance of including all three complements.
Further, it is necessary to understand that investments in ICT fixed capital are a
necessary but not sufficient condition leading to productivity gains. In addition, the
effective implementation of ICT requires changing economic structure characterized
by a growing weight of service sectors and complementary investments in ICT
services. Their effective implementation indeed requires on the one hand a changing
economic structure characterized by a growing weight of service sectors and on the
other hand complementary investments in ICT services, directed to ease the
integration of the new technologies within firms’ boundaries (Quatraro, 2011).
Melville et al., (2007) find that the marginal product of ICT is higher in more dynamic
industries and this underscores the importance of a competitive environment in ICT
value creation.

6.3.

ICT Value Creation, Spatial Externalities & Agglomeration
Economies

It has been shown that industries can be geographically concentrated (Duranton &
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Overman, 2005, 2008) and this concentration can just partly be explained by natural
advantage (Ellison & Glaeser, 1999). Hence, Krugman (1991) observes that production
is remarkably concentrated over space. Although, industrial agglomeration is
explained by number of theories, most literature credits Marshall (1920) for
explaining the proximity gains obtained due to reduction in transportation costs.
Krugman & Venables (1995) study the externalities and increasing returns to scale to
population density.
Looking at how ICT affects productivity through agglomeration economies is an
interesting discussion in the literature. With the uniform accessibility of information
through Internet with almost no transportation cost, firms, especially those relying on
information such as in the ICT sector are unequally distributed across different spatial
locations (Quah, 2001) with the knowledge workers contributing to this uneven
distribution, in some locations ICT has even been more concentrated than ever
before.
Spillovers constitute an important topic in the area of ICT value research. At
the firm level, Chang & Gurbaxani (2012) measure spillovers on the firm level by
examining productivity improvements over the long term. They found that the impact
of spillovers is high and significant but that the magnitude and persistence of this
effect varies. ICT related spillover effects do not persist for low‐ICT intensity firms. At
the industry level, Han, et al., (2011) show that industries can gain from significant ICT
spillovers in terms of TFP growth through economic transactions with their respective
supplier. The ICT intensity and competitiveness plays an important role in ICT
spillovers. At the country level, Gholami, et al., (2009) state that due to ICT involving
‘traditional’ as well as knowledge capital, spillovers can occur through various
mechanisms. They found that developing countries can reap more benefits from ICT
spillovers than developed countries. Further, Internet penetration in the recipient
country also implies ICT spillovers. By studying the ICT spillover effects at the country
level, Park, et al., (2007) found a positive effect of foreign ICT transfer on the recipient
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country’s productivity. They also showed that the effect of transferring ICT is only
significant when the recipient country is an ICT‐intensive or high‐tech exporting
country.
Further, Le Bas & Miribel (2005) found that employment concentration of ICT
employees increases productivity gains but in the non‐ICT sectors productivity has
been decreasing. ICT employment can be explained by the agglomeration hypothesis
in the following way: The ‘theory of industry life cycle’ states that the geographic
proximity is important for industries that rely on tacit knowledge in conducting
innovative activities (Audretsch & Feldman, 1996). Furthermore, tacit knowledge
plays a significant role during the early stages of the life cycle while at the later stages
of the life cycle, the knowledge is more dispersed. From this, they propose that the
ICT sector is currently in its early stage while non‐ICT sectors are at the mature stage
of life cycle. This argument is linked to Feldman’s analysis (Feldman, 2002) that
industries where knowledge becomes obsolete very early would benefit more from
locating together so that they access new ideas rather quickly.

7. Research Theme 5 ‐ ICT and Knowledge Economy
This research theme emphasizes that ICT, ICT related activity and ICT‐workers are
distinguished from ‘regular’ capital due to higher than normal rate of returns. ICT
being different from traditional capital, is regarded as an enabling technology
(Jovanovic & Rousseau, 2005). Regional agglomeration has increasingly becoming
crucial for the creation of a national ‘knowledge economy’. This enabling
characteristic of ICT fosters information processing and creates new ways for firms to
communicate with customers and suppliers (Cardona, et al., 2013). In addition, ICT
promotes knowledge sharing; for example, for secondary usage of existing knowledge
or for combining new knowledge to create new knowledge (Hendriks, 1999). The
application of ICT in service industries has recently shown a remarkable dynamism,
which has fostered expectations about their possible role as the new engine of growth
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in the knowledge‐based economy (Castellacci, 2010).

7.1.

ICT and Skill‐Biased Technological Change

A knowledge economy is characterized by growing demand for skilled labor (Foray &
Lundvall, 1998). Several studies in our sample survey suggest that ICT is
complementary to skilled labor. In case of broadband, empirical evidence suggests a
positive impact of broadband on productivity in a local environment which is
concentrated with a high level of human capital/ highly skilled occupation, indicating
skill‐biased technological change (Mack & Faggian, 2013). This positive impact of
broadband is attributed to its enabling characteristics such as superior work practices
and expansion of new and improved firm processes.
Further, Le Bas & Miribel (2005) have shown that geographic concentration
of ICT employment has a greater positive effect on labor productivity compared to
geographic concentration of all other activities. This seems to refute the so called
‘death of distance’ argument. Mack & Grubesic (2012) point out that the productivity
gains related to ICT use are uneven and provide greater benefits to employees with
more sophisticated work compared to their counterparts who have less sophisticated
work. This reflects biased distribution of productivity and earnings related to ICT.
Along these lines, Majumdar & Chang (2010) also study whether and through what
kind of mechanism technical changes can be related to variations in productivity.
Using capital‐skill complementarities (introduced in Section 5.4), that an increase in
higher quality of physical capital in firms that have adopted superior technology will
increase the human capital skill level, the study finds that indeed digital network
technologies possess these complementarities. These complementarities result in
increased productivity and profitability of firms deploying digital network
technologies. On the contrary, Beaudry, et al., (2010) shows that despite an initial
additional increase in the returns to education, in the long run, there are normal
returns to wages return so that the endogenous diffusion should not return to a
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situation in which these returns to skill are highest in the areas in which they have
intensely adopted the technology.
With an increase in returns to wages of information employees, and superior
performance benefits associated with skilled jobs, an interesting question arises as to
whether this would lead to an increase in the number of information employees. In
this regard, (Wolff, 2006) shows that with the rise in ICT, the number of information
workers has also increased over the period of 1950 to 2000 in addition to
determinants like R&D expenditure and computer investments.

7.2.

Clustering in Knowledge Firms

With respect to the specific form of technology such as broadband, Mack (2012) finds
that in some localities, broadband appears to be the essential link that enables
knowledge firms to strategically locate in lower cost counties while in other cases,
broadband is unable to counter the negative externalities associated with remote
areas. Further, Mack & Grubesic (2009) provide evidence on the relationship between
broadband provision and firm location. They U.S. based firm level analysis suggest
that there is no link between firm presence and broadband provision.

8. Summary and conclusions
In this chapter, we studied the ICT business literature using a narrow definition of ICT
as a General Purpose Technologies. GPTs are characterized by pervasiveness,
innovational complementarities and technological dynamism. By using this narrow
definition, we surveyed the literature on business ICT by including only the studies
using this definition as first introduced by Bresnahan & Trajtenberg (1995).5 We
considered the literature between 2004 and 2013. This period is selected because we
noticed a major shift in the ‘ICT business value’ literature starting from the early

5

Note that based on a broader definition of ICT, one would find an even greater variety of studies,
many only loosely related to our research interest.
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2000s. In the literature prior to 2004, there has been a general consensus about the
features of ICT that are relevant from an economic point of view. We characterized
these stylized facts as follows: 1) the national context can influence ICT adoption (and
use) as well as stimulate innovation. 2) Larger firms (mainly) due to their resources in
general adopt ICT earlier and innovate more based on ICT, 3) there are
complementarities between ICT investment and organizational co‐investment and 4)
ICT does create value for firms.
From 2004 onwards, we find that studies increasingly try to focus on ICT features,
the capabilities ICT enables at the firm level, the value creation aspect of ICT, the role
of SMEs in economic growth and the value creation potential of ICT. Based on the
studies our survey, we identify five major research themes:
1) What are the antecedents of firm level ICT adoption and diffusion?
Our survey indicates that the rate of ICT adoption and therewith the eventual
pervasiveness of ICT is endogenous and contingent upon several factors including the
existence of competitive advantages for ICT. The process of ICT adoption is therefore
not uniform and in general takes place in an environment where other
complementary factors are at work as well (Beaudry, et al., 2010).
Further studies on ICT adoption underscore that firm size in itself does not
explain processes of ICT adoption. As prices of ICT assets are decreasing, with cloud
computing diffusing and a shrinking ICT infrastructure digital divide, ICT adoption can
be considered as a dynamic process involving different sectoral and firm internal
characteristics as well as strategic perspectives. The adoption of ICT should therefore
be approached from a strategic point of view with a focus on ICT‐functionality, as
highlighted by Fichman (2004). In contrast to larger firms, SMEs pursue linkages with
other firms through strategic partnerships, joint ventures and strategic alliances to a
much lesser degree. They adopt the basic ICT technologies (Forman et al., 2005) but
not a lot of advanced ICT technologies fostering firm collaborations. It is however,
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important to note that technological collaboration might well be more critical for
SMEs than for large firms. SMEs should capitalize on the networking aspect of ICT for
more collaboration, idea sharing and innovative performance (Nieto and Santamaría,
2010).
As identified by Bresnahan & Trajtenberg (1995), the process of new technology
creation is surrounded by a high amount of uncertainty and asymmetric information,
ICTs can bridge the information gaps by promoting the ICT‐enabled learning
mechanisms as identified by Alavi & Leidner (2001).
2) A digital divide associated with business ICTs?
The literature identifies that more generic ICTs such as Internet diffuse widely across
rural communities, but that the more advanced forms of ICTs are only supported in
urban regions (C. Forman, et al., 2005). Internet and broadband provision are
associated with firm size and Industry belonging. In particular, both Internet and
broadband are affected by the type of industry firms operate in (C. Forman, et al.,
2005; Mack, 2014; Mack, Anselin, & Grubesic, 2011). These studies argue that
knowledge intensive firms are more likely to have broadband provision. The survey
points out at the need to further address the firms’ broadband digital divide. The issue
is only addressed recently as most of the more advanced forms of ICT have only
relatively recently been available in the market.
3) Firm performance implications of business ICT adoption?
This research paradigm deals with whether or not ICTs are valuable for firms. All the
studies included in the survey find some kind of positive impact of ICTs on some firm
performance variables including firm technical efficiency, productivity, labor
productivity using etc. The recent survey by Kohli & Grover (2008) points out that the
research regimes relating to whether or not ICT is valuable should not be the focus, as
it is now an established fact that ICT has a positive impact on firm performance
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(though the performance paradox is still not completely out of view). It is however,
important to study how and under what conditions which kinds of ICT matter for
economic performance of the firms.
4) How does business ICTs create firm value?
This is a broad topic covering many aspects related to how ICT might matter for firm
growth. The key feature of this research is to distinguish between various ICT types, to
understand how ICT can perform various roles and how it can enable capabilities that
lead to superior firm performance. These studies highlight that ICT contributes
towards firm level products, process, and organizational innovations that in turn feed
into the equation of productivity. The studies increasingly posit that not each ICT type
has the same implication.
5) How is ICT contributing to the knowledge economy?
ICT, by disproportionately rewarding the more skilled worker, have the ability to
induce a skill‐biased technological change. Our literature indicates strong skill‐biased
complementarities attached to the broadband. We also note that in some cases, ICT
can completely replace employees or at least some kinds of employees. Therefore, it
becomes crucial to address the issue of displaced employees owing to this
technological change. Despite some evidence on broadband and banking related
technologies, there is a growing need to have a more in‐depth analysis of other ICTs
such as e‐business technologies to measure such technological changes and rate
which if any of the unskilled labor is replaced by skilled labor or ICT. It is also
important to address the issue of enhancing human capital so that such discrepancies
are much less likely to occur.
Overall, the survey indicates an increasing need to disentangle and study ICT
based on its primary functions. Based on their generic function, ICTs follow a distinct
adoption path i.e., firms start from adopting simple ICT (such as email and World
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Wide Web) to more advanced ICT (such as Enterprise Resource Planning, Customer
Relationship Management software and E‐learning) and have distinct firm
performance implications. Unravelling the generic characteristics of ICT will help in
understanding when and how ICT matters for superior firm performance and where
human skills can be complementary to ICT to foster economic growth for future
generations. Further, the survey underscores the strong need to address the issue of a
digital divide at the firm level, especially in a European context, as the current
evidence is mainly if not only coming from the United States. Finally, despite having
an increasing number of studies offering evidence on how on e‐business creates value
for firms, there is still a growing need to further investigate this link.
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Appendix A. Articles Citing Bresnahan & Trajtenberg, 1995 taking ICT as GPT
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

Journals
ACM Transaction Management Information Systems
African Journal of Business Management
Annual Regional Science
Applied Economics
Computer and Information Science
Decision Support System
Ecological Economics
Economic Systems Research
Economics of Innovation and New technology
Electronic Commerce Research and Applications
Environment and Planning
European Journal of Development Research
European Urban and Regional studies
Industrial and Corporate Change
IEEE Transaction on engineering management
Industry and Innovation
Information and Management
information communication technologies
Information Economics and Policy
Information Systems Research
Innovation and New Technology
International Journal of Human Resource Management
International Journal of Production Research
International Journal of Trade and Global Markets
International Regional Science Review
JAIS
Journal of Business and Economic Statistics
Journal of Economic Studies
Journal of Evolutionary Economics
Journal of management information systems
Journal of Policy Modelling
Journal of Political Economy
Journal of Urban Economics
Management Science
Modern Economy
Operations Research International Journal
Production and Operations Management
Regional Science
Review of Income and Wealth
Scandinavian Economic History Review
Social and Behavioral Science
Strategic Information Systems
Structural Change and Economics Dynamics
Technology in Society
Telecommunication Policy
Total
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Articles citing
Bresnahan &
Trajtenberg (1995)
1
1
1
3
1
1
1
1
3
2
1
1
1
4
1
1
1
1
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
1
1
1
1
1
1
1
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CHAPTER 3
Determinants of access to business broadband and next
generation infrastructure: Evidence for a digital divide in
(Dutch) Zeeland
Abstract
Empirical research on the determinants of broadband access to firms, although
promising to reveal insights about barriers to economic growth and employment, is
limited to the situation in the U.S. We examine the determinants of business
broadband availability in a province of The Netherlands, Zeeland, focusing on the
effects of regional population density, the firm’s location in business areas, and being
a knowledge intensive business. Contrary to earlier studies that rely on information at
the level of zip codes, we utilize a comprehensive database of 26,857 firms with
information at the much more detailed address level. The database makes possible
testing for potential spatial autocorrelations and including additional geographical
characteristics of the firms that otherwise might bias findings. Using standard logistic
and spatial regression models, we find evidence for the existence of spatial
autocorrelation and identify several determinants of access to broadband. Firms
located in sparsely populated regions and in small business areas tend to face a lack of
access to broadband infrastructure. The results for Knowledge Intensive Businesses
(KIBs) are mixed: KIBs are less likely to have no broadband at all. At the same time,
they are also less likely to have superior broadband access. Contrary to the
expectations, firms located in business areas, especially in small ones, are less likely to
have broadband service provision. The implications of our study, that is among the
first to identify determinants of the broadband divide for firms in Europe, for policy
makers and future research are discussed.
Keywords: knowledge intensive business, business areas, broadband, next generation
infrastructure.
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1. Introduction
Recent years have witnessed an exponential growth in Information and
Communication Technologies (ICT’s) in both public and private sectors. The World
Wide Web and related ICTs are now considered as the engines of economic growth
and civic engagement (Cooper, 2002). Hence the disparity in the availability and usage
of ICTs has been at the forefront of the discussion among policy makers and advisors
(Ayanso, Cho, & Lertwachara, 2014). In economic, geographic, and social science
research, the so‐called ‘broadband digital divide’ has been addressed at three levels:
the level of households, the global level, and the firm level. In this context, research
has primarily focused on the broadband digital divide at the level of the households
and the global level. Several studies of the last decade have analyzed the divide at the
level of households (Flamm, 2005; Grubesic, 2006; Grubesic & Murray, 2002, 2004;
Kolko, 2010, 2012; Prieger, 2003; Prieger & Hu, 2008). The United States Federal
Commission of Communication (FCC) database, which provides information on
broadband penetration for the Unites States, is one such source that most of these
studies make use of in addressing the issue of the digital divide. The results primarily
point out core‐periphery differences between first‐world and other countries in the
widespread provision of broadband telecommunication services (Forman, et al., 2005;
Mack & Grubesic, 2009). The global broadband digital divide has also been addressed
quite intensively (Corrocher & Ordanini, 2002; Cuervo & Menéndez, 2006; Doong &
Ho, 2012; Vicente & López, 2011). There is, however, very little empirical work on the
broadband digital divide at the firm level. A greater digital divide of firms may result in
a considerable competitive disadvantage of small, rural, or minority‐led businesses
(Riggins & Dewan, 2005). A narrower digital divide might foster a competitive
business environment with efficient cost structures and overall profitability.
Some more recent studies have started to shift the discussion on broadband
availability from households to businesses particularly in the United States (Mack
2014, Mack & Rey, 2014; Mack & Grubesic, 2009; Mack, Anselin & Grubesic, 2011).
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Broadband data at the firm level in the United States has shown that the availability of
broadband provides a number of local advantages to firms (Forman, Goldfarb, &
Greenstein, 2003; Mack, 2014; Mack, Anselin, & Grubesic, 2011). These location‐
based advantages include opportunities for economic expansion in remote locations,
taking advantages from services not available via dial‐up such as VoIP, and conducting
e‐commerce quickly and efficiently. These studies mainly address whether or not
broadband is available at the zip code level and examine whether broadband
provision affects firm location (Grubesic & Mack, 2008), especially for knowledge
intensive firms (Mack, Anselin, & Grubesic, 2011; Mack & Rey, 2014). In addition, their
results indicate that firm size and type of industry are important determinants of
broadband provision and that broadband is more often available to knowledge
intensive businesses. However, broadband provision exhibits a remarkable variation
across different metropolitan areas. In general, the larger metropolitan areas tend to
have access to broadband more often. Recently, the link between broadband speed
and firm location has been tested by Mack (Mack, 2014), indicating that higher
broadband speed in the U.S. is more often offered to agricultural and rural firms, and
has a heterogeneous relation with knowledge‐intensive businesses (KIBs).
Similar studies are still lacking in the European context, as data on broadband
availability to firms are hardly available. Research on the impact of broadband on
economic growth is crucial in light of the Europe State‐aid guidelines (European
Commission, 2013). With high‐speed connections, businesses have access to richer
and more diverse information, and they can conduct business in innovative ways and
correspond instantly (Warschauer, 2004). Broadband is therefore expected to foster
entrepreneurship and growth of small and medium‐sized enterprises (SMEs) which
would improve the growth potential of regional economies. However, as the study by
Riddlesden & Singleton (2014) has shown, using data on broadband availability in the
United Kingdom, a broadband speed inequity is emerging between different social
groups (e.g., urban vs. suburban people) and different cities, which can influence the
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availability of services and access to broadband. These results might indicate an
emerging digital divide for both households and businesses in Europe (Riddlesden &
Singleton, 2014).
Research on business broadband availability can be improved in several
ways, one of which is by obtaining richer information. Existing studies suffer from a
number of drawbacks that are caused by the utilization of zip codes as units of
observation. Any division based on such administrative boundaries, however, leads to
a loss of spatial variability (Buck, et al., 2015). Using the zip code as the unit of
observation has limitations since these sometimes cover large geographic areas, and
providers with a subscriber in a zip code might not offer service throughout the
complete zip code area. This could overstate broadband availability if the FCC data are
interpreted to mean that a provider serves an entire zip code. Further, the FCC zip
code data has no information on price or speed of services, which is essential for
understanding geographic differences in broadband markets. Our dataset provides
information on the size of the firm, the sectors that each firm belongs to, exact
coordinates of the location of each firm, and the address of each firm. Furthermore,
information on broadband availability is available in terms of whether there is more
than one broadband provider involving optical elements, at least one provider, or no
broadband provider at each firm location. With the information on exact coordinates
of the firm, it is possible to generate other variables to improve earlier research, such
as firms’ distances to the nearest local exchange carrier, the nearest university, the
next international airport, etc., which the literature identifies as some of the key
determinants of broadband provision (Grubesic, 2010; Mack et al., 2011). As
population density of geographical locations drives the initial diffusion of network
technologies (Arthur, 1994), location is highly relevant for understanding broadband
availability. Thus, it is important to take into account the spatial variability and any
loss in spatial variation that may bias the results. In addition, as explained in more
detail below, this study utilizes the distinction based on ‘white, grey, and black areas.’
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This distinction is used by the European Commission to drive policy measures in the
European context.
We analyze the relationship between broadband availability and its
geographic, firm, and industry level determinants. In contrast to Grubesic (2006), and
following Mack (2014), we develop a spatial taxonomy of broadband regions for the
province of Zeeland (The Netherlands). This is important for several reasons. First, by
demarcating these regions, we can begin to understand the spatial distribution of
advanced infrastructure availability. Second, a more efficient analysis of the
relationship between broadband availability, firm/industry level variables, and the
geographical location of the firm can be conducted because we now have spatial
elements in the measurement. This can help us understand which areas, firms, or
industries are served and which are underserved. Third, the demarcation of
broadband areas and a subsequent exploration of their local geographic and business
and industry level determinants will deepen our understanding of how state and
regional policies can both motivate or deter the rollout of advanced services. Further,
taking up the case of businesses, our paper would serve as one of the first to discuss
and empirically consider the relationship between access to business broadband and
economic activity in the European context, as earlier European research on this topic
only provided a descriptive overview of the distribution of broadband speed for firms
(Riddlesden & Singleton, 2014). Summarizing how our study is distinct compared with
other studies on broadband digital divide; first, the study originates from a different
geographical setting i.e. from Europe. Second we use a better measure of broadband
availability at the address level (and not the zip code level). Third, we employ a more
adequate methodology in determining the broadband availability measures:
generalized logistic regression, spatial lag and spatial error models. Fourth, we utilize
a more comprehensive list of industries compared with earlier work. Fifth, we have a
closer look at the impact of being located in a ‘business area’.
We focus on the following research questions: To what extent is there
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variation in the broadband availability in the Dutch province of Zeeland and how does
availability depend on sectoral characteristics, firm size, and spatial characteristics of
firms in Zeeland. To address this question, we apply standard logistic regression
models and spatial econometric models. We use information about broadband
availability and industry level information about firms in the province of Zeeland
located in Netherlands. To be more precise, we use a database on 26,857 firms in
Zeeland, which provides information on the exact coordinates of the firms, their size,
detailed information on industry belonging, and whether or not the firm is located in a
business area.
The results of both logistic and spatial regression analyses point out that all
three independent variables (location in a business area, population density, and
being a knowledge intensive business) are determinants of access to broadband
services. The effects of the population density are straightforward and in line with our
theory and earlier findings: firms located in areas with higher population density are
less likely to to be deprived of broadband access at all and more likely to have access
to superior broadband infrastructure (=access to both forms of broadband availability:
fibre and coaxial cable). The results for knowledge intensive businesses (KIBs) are
mixed and only partly in line with our theoretical expectations. We find that KIBs are
less likely to have no broadband availability at all which is in line with our predictions.
However, unexpectedly, they are also less likely to have superior broadband access.
The findings with respect to being located in a business area do not support current
theory. Firms operating in business areas are more likely to have no broadband
service provision. Furthermore, in the multivariate analyses, there is no significant
association between being located in a business area and having superior access.
The paper is organized as follows. In the subsequent section, we review earlier
research to develop hypotheses that may explain business broadband availability. In
section 3, we describe our research design. We present the data, introduce our
measurements and describe the methodology. Section 4 provides descriptive findings
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and section 5 shows the results of the hypotheses testing. Section 6 summarizes the
main findings, derives some conclusions, and points to limitations as well as to the
policy implications of our study.

2. Literature Review: earlier research and hypotheses
The broadband digital divide refers to the difference between those who have access
to broadband technology and those who have not (Prieger & Hu, 2008). Although the
term ‘digital divide’ may refer to various technologies (Hilbert, 2011), the focus of our
study is on the ‘broadband digital divide’. Increasingly, the access to broadband has
been recognized to enhance economic growth and communities with access to
broadband experience growth in total employment, number of establishments,
innovation, and rent (Crandall, et al., 2007; Gillett, Lehr, Osorio, & Sirbu, 2006; Lehr,
Osorio, Gillett, & Sirbu, 2005). Despite the clear desirability of access to broadband, at
least in the U.S. and Latin America the broadband digital divide at the household level
is rapidly growing as indicated in Cohen (2008) and Guerra & Jordán (2010). Spatial
differences in residential broadband availability persist and are a major concern for
European and national broadband policies as documented in the Digital Agenda
targets report by the European Commission (CEU, 2014a). This could have
unfavourable economic and social outcome for the ones left behind (Kruger & Gilroy,
2013).
Studies on broadband access at the household level have thus far mainly
analyzed the situation in the U.S.A, and recently some evidence on this type of
broadband digital divide has been provided for European regions. Çilan, Bolat, &
Coşkun (2009) observe a significant digital divide in the EU while Vicente & López
(2011) who examine the digital divide at the regional level in the EU find that Dutch
regions are among the top 10 with respect to ICT equipment of households while
Bulgarian and Greek regions belong to the bottom 10. The contemporary broadband
digital divide research coming from the U.S. is primarily based on broadband access at
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the zip code level. These studies use different ways to operationalize broadband
provision. They focus on broadband provision at the zip code level. Some use a binary
approach: zip codes where there is at least one broadband provider are counted as
being provided with broadband (Flamm, 2005; Prieger, 2003; Prieger & Hu, 2008).
Others use a broadband provider count as a continuous dependent variable (Grubesic
& Murray, 2004) and recently studies examined individual broadband adoption (Kolko,
2010). Some of these studies use spatial autocorrelation analysis (Grubesic, 2006,
2010). The results indicate the existence of an uneven distribution of broadband,
differing across space, demographics, and socioeconomic structure (Grubesic, 2004).
The broadband core regions throughout the U.S. comprise of an exquisite level of
broadband availability spread over contiguous geographic areas (Grubesic, 2006,
2010; Stenberg, Morehart, & Cromartie, 2009). On the other hand, areas without
broadband availability may suffer from unfavorable demand conditions (smaller
household, little income, or elderly people) or unfavorable supply conditions (remote
locations, high costs or monopoly) (Grubesic, 2006; Stenberg, et al., 2009). The
empirical evidence from the US shows that the spatial distribution of broadband was
somewhat stable in the period between 2005 and 2007 when compared with the
earlier period between 1999 and 2004. This indicates that the emergence of new
markets is slowing down. At the same time, the level of competition in the existing
market is increasing (Grubesic, 2010). Furthermore, Kolko (2010), using an adjusted
indicator of so‐called implied broadband availability, finds that both household
density and medium income are important determinants of broadband availability.
The broadband digital divide at the firm level has received less attention in
research. Fast and widely available broadband is the key input for today’s economy
(Czernich, Falck, Kretschmer, & Woessmann, 2011) and it has substantial economic
spillovers by fostering growth and generating employment (ITU, 2012). Despite this,
broadband is not equally provided in terms of speed and services because the market
fails to uniformly deliver (Ferguson, 2004). Today, there is a variety of access
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technologies that differ in terms of core technology such as wired or wireless, low or
high speed, and economic parameters, such as low or high costs of deployment
(European Commission, 2013). Because of the importance of broadband for running
today’s businesses, the limited or non‐availability of broadband shapes regional
innovation and economic growth. Hence it is crucial to address the digital divide at the
firm level as it can lead to inequities among different communities (Grubesic, 2004).
The lack of empirical evidence about the determinants of access to broadband for
firms combined with dispersed geographic and firm/ industry level effects on
broadband availability necessitate unraveling the complicated interaction between
the availability of broadband in different geographies.
Some notable articles on broadband digital divide in the U.S. claim that the
distribution of broadband infrastructure is increasingly becoming ubiquitous
(Grubesic, 2004; Grubesic & Murray, 2004), overall speed has increased dramatically
(Stenberg, et al., 2009), and even isolated communities are being reached (Grubesic,
2004). However, the roll‐out of broadband is notorious for ‘cream skimming’ the more
affluent and educated communities (Grubesic, 2003; Grubesic & Murray, 2002;
Grubesic & Murray, 2004). In the United States, the provision of broadband is
therefore spatially heterogeneous (Mack & Grubesic, 2009). This can lead to
considerable inequities in advanced telecommunication infrastructure provision
(Gabe & Abel, 2002; Parker, 2000).
In

studies

examining

geo‐demographic

factors

of

advanced

telecommunication access, for instance Egan (1996) and Strover (2001), one of the
primary questions is whether the size of the local population is a determinant of the
extent of broadband competition. In the rural areas with low population density, it is
hard for service providers to cover the cost of installing and operating broadband
networks (Jayakar & Park, 2012). From an economic perspective, a positive link
between broadband provision and number of locals is straightforward since larger
markets attract more providers. Findings suggest that densely populated markets with
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rich residents are often targets of broadband providers, reflecting a significant urban‐
rural bias in broadband provision (Grubesic & Murray, 2002, 2004). Further, Grubesic
(2003) studies the effect of local population density on provision of xDSL and finds a
significant and positive link between the two.
Apart from the local population density, another important factor
determining broadband availability is the existence of business areas. Since these are
the areas where larger numbers of businesses are located close to each other, the
demand for deploying broadband is higher. Unfortunately, only a handful of articles
study the provision of broadband to business areas. In this context, the data of
Grubesic (2004) indicate that within the U.S. broadband is widely available in business
areas because of both infrastructure and demand densities. In areas with higher local
population density businesses are nearer to residential areas (Grubesic, 2004).
According to Foreman (2002), competitive local exchange carriers (CLECs) are usually
inclined towards serving the small to medium sized business markets and after serving
this market, CLECs serve out to nearby residential areas. However, it could be that in
the case of broadband provision, the providers may not be primarily focusing on the
business areas because there is a subtle difference between household broadband
availability and business broadband availability. The issue is that a fiber‐to‐the‐office
(FTTO) connection is more expensive than a fiber‐to‐the‐home (FTTH) connection.
There are two reasons for this. The first one relates to larger distances and therefore
more digging costs. The second one is related to business risks. For FTTH connections,
the probability that the connection to the household will be stable over a larger
period of time is high, whereas there are substantial risks that a business might move
or fail. Hence, the payback period of households is between 20‐30 years while for
businesses, it is just 3‐5 years (FTTH Platform & Stratix Consulting, 2012). In line with
Grubesic (2004) we would expect greater availability of high‐speed business
broadband or next‐generation‐access (NGA) presence in business areas, but the effect
may not be as strong when compared to taking local population as the chief
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determinant of broadband/NGA availability. Our first two hypotheses therefore, are
as follows:
Hypothesis 1: The likelihood of broadband provision is higher for firms located in
business areas than for firms outside business areas.
Hypothesis 2: The higher the number of inhabitants of the municipality wherein the
firm is located, the higher the likelihood of broadband provision to the firm.
In addition to the factors mentioned above, the nature of the business also
has an influence on the use of ICT infrastructure. This can be argued in more detail for
the example of knowledge intensive businesses (KIBs). Broadband is recognized as a
general purpose technology with a sturdy impact on knowledge intensive activities
(Fornefeld, Delaunay, & Elixmann, 2008). Further, KIBs are more likely to use ICTs in
order to enhance business processes (Forman, Goldfarb, & Greenstein, 2005b) as
compared to firms engaged in more traditional operations, such as manufacturing or
retail. This is because ICTs are not only a primary input to their production processes:
cyber‐connections are also the means through which these firms send out their
output (Mack, et al., 2011). In line with these arguments, Kolko (2012) finds
broadband to expand more often in industries that rely more on ICTs. Likewise,
broadband is positively and significantly related to the growth of businesses in IT‐
intensive sectors (Lehr, et al., 2005). We can thus expect that KIBs are more likely to
use broadband. Our third hypothesis is therefore as follows:
Hypothesis 3: The likelihood of broadband provision is higher for knowledge‐
intensive businesses than for other businesses.
Grubesic (2008a) has previously highlighted the limitations of the current
measurement of broadband coverage. Grubesic also highlights that the real challenge
for researchers consists of finding both creative and computationally efficient ways to
integrate the available infrastructure information into spatial and econometric
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studies. Use of geographic information systems (GIS) offers one software‐based
approach for managing and manipulating these data (Grubesic, 2006, 2008a, 2008b).
In response to this, recent studies have started to explore the broadband provision
and firm location from a spatial perspective, such as Mack, (2014) and Mack & Rey
(2014). These studies take Tobler’s (Tobler, 1970, p. 234) first law of geography as a
starting point: ‘[e]verything is related to everything else, but near things are more
related than distant things.’ In our context, one can think of other, unmeasured,
factors that influence broadband availability and that are likely to be spatially
correlated. That is, factors that contribute to broadband availability on a given
location but that are not taken into account are likely to affect broadband availability
to some extent on nearby locations as well (also potentially violating independence of
the data). We thus formulate a hypothesis indicating the presence of spatial
correlation in the provision of broadband access.
Hypothesis 4: There exists spatial autocorrelation in the geographical distribution of
broadband access.

3. Study design, measurements, and methods of data analysis
3.1.

Study design and data

Our study rests on multivariate analyses of a rich data set, taking into account
potential local clustering effects and spatial correlations. The data set combines
economic activities of a total of 26,857 firms in the province of Zeeland in The
Netherlands. The province of Zeeland lies in the South‐West of The Netherlands. It
has a population of 380,000 inhabitants and covers a region of about 2,930 square‐
meters. The peculiarity of Zeeland is that it consists of a couple of islands and
peninsulas, connected by bridges, leading to its name ‘sea‐land’. The province is
known as a popular tourism region. The standard broadband infrastructure of the
Zeeland province is regarded as quite good and is ahead of many Dutch provinces in
terms of available broadband bandwidth per inhabitant or business (Stratix
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Consulting, 2013). The data was collected in the year 2013. Compared to earlier
studies, one of its strengths lies in the provision of information on broadband
availability at the address level. The advantage of using data at the address level is
that location‐specific factors can be taken into account at a finer‐grained level. Earlier
studies were only able to utilize data at the zip code level. In contrast to these studies
(mainly in the United States), data on the address level provide a more accurate
picture of the relationship between broadband availability and economic activities. As
described in the next section, some control variables about distances rely on
transformations of the geo‐coordinates of the business‐firms and other local units. A
limitation lies in the fact that these distances only offer an approximation of the ‘real’
distances that have to be travelled between units located at different islands. The
location of connecting bridges between islands may imply detours of up to a few
dozen kilometres.
3.1.1.

Dependent variables: white, grey, and black areas

Data on broadband availability allows differentiating between Next Generation Access
(NGA) technologies and traditional broadband technologies at the different
geographical locations. Broadband technologies in our data refer to Digital Subscriber
Line (DSL) and Coaxial Cable, while Fiber to the home (FTTH) and Fiber to the office
(FTTO) are Next Generation Access technologies. Hence the addresses where both an
NGA and Coaxial Cable are available are regarded as ‘black’; the addresses with either
NGA or Coaxial Cable available are classified as ‘grey’ and the addresses where neither
of the two is present are considered as ‘white’. This distinction enabled us to
empirically identify ‐ in line with European regulations (CEU, 2009, 2013b) ‐ ‘black’,
‘grey’ and ‘white’ areas in the province. This distinction highlights one aspect of
broadband quality, namely the speed differentials.
3.1.2.

Independent variables

The data contains detailed information on the sector each firm belongs to at a five‐

87

digit level. In line with Mack & Rey (2014), firms belonging to Education (E),
Information and Communication (J), Finance & Insurance (K) and Technical,
Consultancy and Management firms (M) are classified as Knowledge Intensive
Businesses (KIBs). In addition, we have several other industries such as Manufacturing
(C), Construction (F), and Retail (G) etc.
The variable ‘Business area’ indicates the clustering of businesses in a certain
area, also known as industrial parks. There are in total 131 business areas. This is a
binary variable indicating whether or not a firm is settled in a business area.
The variable ‘population size’ was created by using information of each town
through the city hall website from the most recent census. In our analyses, the
variable undergoes a natural logarithmic transformation.
3.1.3.

Control variables

Our dataset includes the variable ‘distance to MDF’ (Main Distribution Frame). This
variable indicates the distance in KM from the main distribution line where the
business is located. The distance to the nearest exchange negatively affects the speed
of the Internet and this is often used as a proxy for the delivered speed (Ofcom,
2012). We further include some control variables that have also been used in related
studies. We include the distance to the nearest airport (e.g., Grubesic, 2010b),
distance to the nearest university (Mack et al., 2011; Mack & Rey, 2014), broadband
access type (white, grey, or black) of the nearest neighbor, firm size including micro(1‐
9 employees), small (10‐49 employees), medium (50‐249 employees), or large firm
size (number of employees greater than 250) as binary variables (reference category:
micro size) (Karshenas & Stoneman, 1993), and all the key industries (manufacturing,
retail, agriculture, public administration, mining, energy, water, construction,
transport, HORECA, real estate, rental, sport & culture, and health) as Forman et al.,
(2005) indicate that the benefits of ICTs differ according to industry membership. The
variable ‘broadband access type of the nearest neighbor’ is created by geocoding all
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the coordinates that are available for each business firm (in Amsfoort RD New to WGS
84).

The

geocoding

utilized

the

OSGeo4W

geospatial

software

(http://trac.osgeo.org/osgeo4w/). We then used Stata to identify the nearest
neighborhood business firm of each observation through the geonear command.
Finally, we determine the broadband access type (white=0, grey=1, or black=2) of this
neighborhood business firm.
We also calculate the Euclidean distance between each business firm and the
nearest airport and the nearest research‐intensive institute. These variables are used
in other similar papers (Mack, et al., 2011; Mack & Rey, 2014). The ability to travel,
particularly via airplane has been noted to have an impact on different businesses. For
the distinct nature of knowledge intensive firms, where face‐to‐face contact is very
important, the distance to the next airport is known to have a negative impact on the
location of knowledge intensive firms (Grubesic, 2010). Further, in the context of
business firms, we measure the presence of a highly qualified labor pool by the
variable ‘distance to the nearest research intensive institute’. Aparicio, Urbano, &
Audretsch (2015) use the distance to the nearest research institute as a variable for
the knowledge infrastructure. Audretsch, Lehmann & Warning (2005) have shown
that geographical distance to universities and research institutes differently affect
innovations in scientific areas. Hence, areas close to those knowledge infrastructures
that would feed into the areas tend to have higher broadband connectivity. All the
variables are described in Table 1.
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Table 1: Variable descriptions
Geographical Characteristics

Definition

Business Area

The areas dominated by clustering of firms

Ln Population

Ln of the population of the city/ town

Distance to MDF

Distance in KM from the main distribution frame

Nearest Neighbor Access Type

The access type (black/grey/ white) of the nearest neighbor

Firm Characteristics
Micro

Firm size not greater than 9 employees

Small

Firm size between 10‐49 employees

Medium

Firm size between 50‐249 employees

Large

Firm size greater than 250 employees

Accessibility Characteristics
Distance from research

Distance in KM from the nearest research intensive institute

intensive university
Distance from airport

3.2.

Distance in KM from the nearest international airport

Methodology

Our analyses rely on several multivariate analyses, using different statistical models.
Ordered logit is generally used for a heterogeneous choice model where there are
choices between more than two discrete alternatives. We have three ordered
categories (white, grey and black) for the type of broadband access and NGA
availability. Thus the most straightforward model to apply is the ordered logit model
as shown in the equation below:
ܲሺܻ  ݆ሻ ൌ

ሺן  ܺ ߚሻ

ͳ  ሾ൫ߙ  ܺ ߚ൯ሿ

ǡ ݆ ൌ ͳǡʹǡ͵ǡ ǥ ǡ  ܯെ ͳ

However, the estimation procedure for ordered categories generally assumes
that the estimated coefficients of the independent variables do not change between
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the categories (the so‐called parallel lines assumption (Long & Freese, 2006). Hence it
neglects possible heterogeneous effects of some explaining factors (Pfarr, Schmid, &
Schneider, 2010). Also, the error distribution may be heteroskedastic which can have
severe consequences (Williams, 2006). In our case, the assumptions underlying the
ordered logit model are violated, as shown below. The alternative is to use
generalized either constrained or unconstrained ordered logit (Stata’s gologit and
gologit2), also called partial proportional odds. The unconstrained model can be
written as:
���� � �� �

������� � �� �� �

� � ������� � �� �� ��

� � � ������ � � � � �

This model leads to results that are very similar to the results of a series of
logistic regressions. It first compares category 1 to all other categories, then compares
1 and 2 versus all other categories, compares 1, 2 and 3 versus all other categories
and so on. The strong point of using the constrained ordered logit model is that it can
also estimate three special cases of the generalized model: the proportional
odds/parallel lines model, the partial proportional odds model, and the logistic
regression model. Hence, constrained ordered logit model can estimate models that
are less restrictive than the proportional odds/parallel lines models estimated by
ologit. It is important to note that the ordered logit model is a special case of the
unconstrained model where the betas are same for each �. Furthermore, the

constrained model is more parsimonious and easier to interpret than models

estimated by a non‐ordinal method, for example multinomial logistic regressions
(Williams, 2006, p. 58). From the estimation point, there is one predictable value of� ∗

in ordered logit but for constrained model, once a single non‐parallel effect is

obtained, there are � � � linear predictions. For more information on the model, see
Williams (2006)

In line with the arguments of Grubesic (2006), our paper identifies firm
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activities and links them to broadband availability in a particular area. While Grubesic
(2006) does this at the zip code level, we proceed at the address level. Based on the
addresses, we first determine the geographic coordinates of each firm in the sample.
We then use a spatial autocorrelation (SA) model taking this geographic distribution
into account. Global measures, such as Moran’s � (Moran, 1948) help to provide an
overall understanding of the spatial structure of the dataset, as the following

arguments demonstrate.
We delineate the broadband locations by defining a set of locations that are
at a distance of 500 meters. Our approach is to take into account patterns of spatial
association, also known as spatial autocorrelation (SA). Detection of SA helps to
determine the interdependence between values of the same variable at different
geographical locations. Moran’s � is the global measure to provide an overall

understanding of the spatial structure of the data.
��∑

�

�. ∑� ���

.

∑�. ∑� ��� �� ��
∑� �� �

,

where n is the number of observations, x� and x� are observations for location i and j
(with mean μ; z� � �x� � μ�; z� � �x� � μ� and w�� is a spatial weight matrix with

values either 0 or 1 where 1 indicates that firms � and � are located within a distance

of 500 meters. The interpretation of Moran’s � is as follows. When � � �, the

observed spatial pattern of values is equally likely as any other spatial pattern. In
other words, the availability of broadband is independent of spatial interrelationships.

When � � �, the spatial autocorrelation is positive; meaning that similar values, either
high or low, tend to be locally. When � � �, and spatial autocorrelation is negative,

addresses with similar values tend not to be located near to each other (Grubesic,
2006, p. 431)
We use a regression approach to test our three hypotheses about the
relationship of broadband availability with three main independent variables which
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are i) business location in a business area ii) population size of the municipality where
the business is located and iii) firms that are engaged in knowledge intensive business.
In these models, we control for other important components of the business
environment such as distance to the main distribution frame, distance to the nearest
research intensive university, distance to the nearest international airport, broadband
access type of the nearest neighbour, industry and size controls. Our regression
approach distinguishes between three categories of models: a standard logistic
regression model, a spatial lag model, and a spatial error model.
݈ݐ݅݃ሺሻ ൌ ܺߚ  ߤ

The spatial models examine to what extent our dependent variable is
spatially auto‐correlated. For the discussion of the following spatial models, we follow
Anselin (2013) and LeSage (2008). The primary element of spatial econometrics is the
Spatial Weight Matrix. The spatial weight matrix provides the structure of the spatial
relationship among observations and provides information about which observations
are considered to be co‐located and how their values are related to each other. The
spatial weight matrix is denoted by ܹ with the elements ܹ indicating whether

observations ݅ and ݆ are spatially close. There are two kinds of spatial weight matrices,
one based on ‘contiguity’ and one based on ‘distance’. The spatial weight matrix

based on contiguity contains whether the observations are sharing a common vertex
or boundary.
To provide the spatial models in their simplistic forms, we provide the basic
models and explanation following Katchova (2013). Since the firms are located at
precise addresses and not at the whole zip code area, it makes sense to use the
spatial weight matrix based on distance instead of the matrix based on contiguity. To
produce a spatial weight matrix based on distance, we need to know the location of
the observations. We therefore need X coordinates (longitude) and Y (latitude)
coordinates to calculate the distance between the observations. In this case, the
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matrix elements ��� would be the distance between the observations � and �. We

assume that there are no spatial effects beyond a distance band �� Here, the spatial
weight matrix � would take the form:

1 if the distance between � and � � �
��� � �
�
0 otherwise

Once we have the weight matrix �� we can run regressions that take the

spatial dependence into account. There are two ways in which spatial dependence is

added into a regression equation, leading to two different spatial models: the Spatial
Lag Model (SL) and the Spatial Error Model (SE).
The SL model is appropriate when the focus is on the spatial interaction of
the dependent variable. If we consider that broadband availability is dependent on
the broadband availability of neighbouring locations, we can use the SL model. Hence
the geographical distribution of a dependent variable � is assumed to have a spatial
structure. This model includes a spatially lagged dependent variable. The spatial lag of
� is ��: the dependent variable is a weighted average of its neighbours’ values. The
SL model can be written as:

And its reduced form is then:

� � ��� � � � � �

�� � ���� � �� � �

The independent variables are explaining the values that are not explained
by the neighbouring values. Here, the spatial dependence parameter � is also

estimated.

The Spatial Error Model (SE) model is used when we want to correct for
spatial autocorrelation. This is different from the model of interest itself having spatial
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interdependencies. According to the SE model, the spatially correlated errors are due
to unobservable features or omitted variables associated with the location. In this
case, the error term ݁ has a spatial structure. From the regression model:

The errors are spatially correlated:

݁ ൌ ߣܹ݁  ߤ

or

ሺ ܫെ ߣܹሻ݁ ൌ ݑ

And the reduced form is:

Where

 ݕൌ  ߚݔ ݁

ሺ ܫെ ߣܹሻ ݕൌ ሺ ܫെ ߣܹሻ ߚݔ ݑ,

ܻ ൌ a vector of firm counts

ܺ ൌ a matrix of independent

ߚ ൌ a matrix of coefficient estimates for each of the independent variables
ߤ ൌ a well behaved error term

ߩ ൌ a scalar parameter for spatial lag

ߣ ൌ a scalar parameter for spatial dependence in the error process
ܹ ൌa user specified spatial weights matrix.

In the following, we make use of both the SL model and the SE model. As these

models only make possible the analysis of dichotomous variables (instead of the
ordered categorical variable that we have), we use them to examine two different
dependent variables. We first analyze being a ‘black firm’ (versus being a ‘white’ or
‘grey firm’). Thereafter, we analyze being a ‘white firm’ (versus being a ‘grey’ or ‘black
firm’).
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4. Descriptive findings
Figure 1 displays the spatial distribution of broadband adoption at the firm level over
the entire province. The figure indicates how black, grey and white firms are
geographically located as each colour represents the type of broadband availability.
The yellow dots show the KIBs. Note that there are much fewer KIB firms located in
the white areas where there is no NGA provider. Figure 2 provides a numerical
identification of the different islands and peninsulas of Zeeland to facilitate the visual
inspection. A (obviously preliminary) visual inspection of Figure 1 suggests that there
is some spatial clustering of the distribution of the access categories. For instance, in
the Western region of the island Schouwen‐Duiveland (number 8 in Figure 2) many
‘grey firms’ are clustered together. The same seems to hold for the peninsulas
labelled 5 (Middelburg), 12 (Veere), and 13 (Vlissingen). On the peninsula Hulst
(labelled with number 8 in Figure 2) there is a clustering of grey firms in the Western
part of the peninsula whereas in the eastern part there seem to be many ‘white
firms’. Most firms on the island Tholen (island number 11 in Figure 2) are ‘white
firms’. These preliminary findings suggest that a more thorough spatial analysis by
means of spatial lag models and spatial error models could be useful (see section 5).

96

Figure 1: Spatial distribution of black, grey and white areas of broadband
accessibility and presence of knowledge intensive firms

Figure 1: Black represents addresses with at least one NGA and one broadband provider, Grey shows
addresses with one NGA or broadband provider, and White displays addresses with no broadband or fiber
optic provider

Figure 2: Numerical identification of the islands and peninsulas of the province
Zeeland

1: Borsele 2: Goes 3: Hulst 4: Kapelle 5: Middelburg
6: Noord‐Beveland 7: Reimerswaal
8: Schouwen‐Duiveland
10: Terneuzen
11: Tholen 12: Veere 13: Vlissingen
Source: https://en.wikipedia.org/wiki/Zeeland
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9: Sluis

Table 2 provides summary statistics of all the variables. Out of a total of 26,857 firms
in the sample, around 18% of the firms have no advanced telecommunication
infrastructure available. Hence, according to our categorization they are in the access
category ‘white’. About 69% of the firms are ‘grey’ and 13% of the firms are ‘black’.
There are 2,180 (8.1%) firms located in a business area. Most of the firms (nearly 87%)
are micro sized firms while 6%, 1%, and 0.2% is the percentage of small, medium, and
large‐sized firms respectively.
Table 2: Descriptive findings
Dependent variables

White
4,832

Grey
18,534

Black
3,491

N

Geographical
Characteristics
Number of firms located
in business areas

Number of firms co‐
located in business area
where focal firm is located
Ln population
Distance to MDF (Meters)
Nearest neighbor access
type
White
Firm Characteristic
Size

Yes
2,180

No
24,677

N
26,857

Mean
7,421
(min=0, max=271)

Standard deviation
34,877

N
26,857

8.68
2,185.17
White

1.41
1573.81
Grey

Black

26,857
26,672
N

4,847

18,461

3,549

26,857

Micro (1‐
9)
23,389

Small
(10‐49)
1,706

Medium
(50‐249)
292

Large
(<250)
51

N
26,857

Accessibility Characteristics
Distance from nearest
research intensive
institute (KM)
Distance from nearest
airport (KM)

Mean
38.25

Standard deviation
8.06

N
26,857

56.18

10.80

26,857

Table 3 shows the correlations between different important variables. The distance to
local exchange carrier is negatively related to being a black firm and being a grey firm
and positively related to being a white firm. Stated differently, the further away a firm
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is from the local exchange carrier the more likely it is that the firm has no broadband
access. Knowledge incentive businesses are more likely to be black firms or grey firms
and less likely to be white firms. This simply means that KIBs tend to have broadband
access, either by means of Coaxial Cable access or Next Generation Access or by both.
Furthermore, Table 4a and Table 4b show the distribution of the Zeeland firms by
business size and key industry. From all the industries, ‘Retail’ includes the most firms
and the large majority of retail firms are categorized as a micro business. A detailed
summary with break‐up of sectors and firm sizes with their respective percentages is
provided

in

Table

4a
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and

Table

4b.
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‐0.1953***

‐0.0452***

0.3474***

Ln Population

Business area

Nearest
neighbour
access type
Distance
from nearest
university
Distance
from nearest
airport
0.1509***

‐0.1325***

0.1566***

0.1360***

0.0584***

‐0.1387***

KIB

0.6990***

1.000

‐0.0115*

‐0.1810***

White

0.0567***

‐0.5768***

Grey

Grey

0.0013

1.000

Black

Black

Table 3: Correlations

‐0.0803***

‐0.0694***

‐0.4858***

0.1990***

‐0.1953***

‐0.0286 ***

1.000

White

0.0512***

0.0266***

0.0743***

‐0.0925***

0.1008***

1.000

KIB

0.2532***

‐0.0497***

0.2245***

0.1224***

1.000

Ln
population

‐0.0148**

‐0.0513***

‐0.1079***

1.000

Business
area

0.0569***

0.0457***

1.000

Neighbour
Access Group

0.2802***

1.000

Distance
from
University

1.000

Distance
from airport

Table 4a: Zeeland business counts by business size and key industries

All Industry
absolute total
Break‐up Industry
Agriculture,
Forestry &
Fishing (A)
Mining &
Quarrying (B)
Manufacturing
(C)
Energy (D)
Water (E)
Construction (F)
Retail (G)
Transportation
(H)
HORECA (I)
Information &
Communication
(J)
Finance &
Insurance (K)
Real Estate (L)
Professional,
Scientific and
Technical (M)
Rental (N)
Public
Administration
(O)
Education (P)
Health (Q)
Culture, Sport &
Recreation (R)
Other Services
(S)
Households as
Employers (T)
Extraterritorial
(U)

Total

Micro

Small

Medium

Large

Black

Grey

White

33557

28991

2168

365

68

4565

22163

6829

4185

3911

78

10

0

90

1610

2485

25

22

2

0

0

3

15

7

1626

1286

236

45

19

178

1,049

399

16
51
3091
6099
1277

5
35
2843
5038
1080

5
13
163
512
121

2
3
25
72
33

3
0
0
1
2

5
2
315
1259
126

3
24
2320
3678
851

8
25
456
1162
300

2144
970

1626
882

329
23

10
4

1
0

444
95

1296
793

404
82

397

353

30

7

1

113

246

38

680
4255

597
3863

17
126

5
14

0
0

134
522

442
3329

104
404

1505
82

1351
32

69
19

18
21

3
10

221
32

1073
37

211
13

1184
2906
1136

860
2411
971

208
160
31

21
71
1

4
24
0

128
468
122

954
2149
868

102
289
146

1925

1823

26

3

0

307

1424

194

0

0

0

0

0

0

0

0

3

2

0

0

0

1

2

0

101

Table 4b: Zeeland business counts by business size and key industries
Total
All Industry
100%
absolute total
Break‐up Industries
Agriculture,
Forestry &
Fishing (A)
Mining &
Quarrying (B)
Manufacturing
(C)
Energy (D)
Water (E)
Construction
(F)
Retail (G)
Transportation
(H)
HORECA (I)
Information &
Communication
(J)
Finance &
Insurance (K)
Real Estate (L)
Professional,
Scientific and
Technical (M)
Rental (N)
Public
Administration
(O)
Education (P)
Health (Q)
Culture, Sport
& Recreation
(R)
Other Services
(S)
Households as
Employers (T)
Extraterritorial
(U)

Micro

Small

Medium

Large

Black

Grey

White

86.39%

6.4%

1.09%

0.20%

13.60%

66.05%

20.35%

93.45%

1.86%

0.24%

0%

2.15%

38.47%

59.38%

88%

8%

0%

0%

12%

60%

28%

79.09%

14.51%

2.77%

1.17%

10.95%

64.51%

24.54%

31.25%
68.63%
91.98%

31.25%
25.49%
5.27%

12.50%
5.88%
0.81%

18.75%
0%
0%

31.25%
3.92%
10.19%

18.75%
47.06%
75.06%

50%
49.02%
14.75%

82.60%
84.57%

8.39%
9.48%

1.18%
2.58%

0.02%
0.16%

20.64%
9.87%

60.30%
66.64%

19.05%
23.49%

75.84%
90.93%

15.35%
2.37%

0.47%
0.41%

0.05%
0%

20.71%
9.79%

60.45%
81.75%

18.84%
8.45%

88.92%

7.56%

1.76%

0.25%

28.46%

61.96%

9.57%

87.79%
90.79%

2.50%
2.96%

0.74%
0.33%

0%
0%

19.71%
12.27%

65%
78.24%

15.29%
9.49%

89.77%
39.02%

4.58%
23.17%

1.20%
25.61%

0.20%
12.20%

14.68%
39.02%

71.30%
45.12%

14.02%
15.85%

72.64%
82.97%
85.48%

17.57%
5.51%
2.73%

1.77%
2.44%
0.09%

0.34%
0.83%
0%

10.81%
16.10%
10.74%

80.57%
73.95%
76.41%

8.61%
9.94%
12.85%

94.70%

1.35%

0.16%

0%

15.95%

73.97%

10.08%

NA

NA

NA

NA

NA

NA

NA

66.67%

0%

0%

0%

33.33%

66.66%

NA

102

5. Results of the hypotheses testing
Since we test our hypotheses by means of different models in order to take into
account spatial dependencies, we first present the results of the (better known and
more often used) logistic regression models before we proceed with the two types of
spatial models.

5.1.

Logistic Regression

Since our dependent variable, broadband availability, has three categories and is
ordinal, we first use ordered logistic regression models. However, one of the
assumptions underlying ordered logit models is that the effect of a given predictor
variable is identical across levels of the target variable. To test this, we perform a
likelihood‐ratio test and a Brant test (Long & Freese, 2006). Both tests refute the
(parallel lines) assumption (chi2=1087.69, df=23, p<.0001 and 1119.11, df=23,
p<.0001). This implies that we need to analyze the data using a generalized ordered
logistic model. We use for the generalized ordered logistic model the autofit option.
This option uses an iterative process to identify the partial proportional odds model
that best fits the data, meaning that we estimate a model in which some variables are
constraint to meet the parallel lines assumptions while others are not (Williams,
2006).
Table 5 shows the results of the generalized ordered logit model. By
imposing the parallel lines assumption for those variables for which it cannot be
refuted, several variables can be seen to have the same parameter estimates. In the
first part of Table 5 (‘Part 1’), the results for white vs. all others (i.e., grey and black)
are presented: once for a model with main effects only and once with some
interaction variables included based on further inspection of the data. Both models
lead to similar results. The most important findings are as follows. The effect of
population size is positive and significant in all four models, providing support for
hypothesis 2. The effect of being located in a business area is negative and significant
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(‐1.5 and ‐1.9) in part 1 of both models, which is not in line with hypothesis 1. The
corresponding two coefficients are not significant in part 2 of both models. That is, if
anything, being located in a business area tends to reduce the likelihood of having
broadband available. The effects of being a KIB are positive and significant in part 1 of
the two models, which is in the model analyzing white vs. all others (grey and black).
Stated differently, being a KIB increases the likelihood of not being a ‘white firm’, that
is, it makes it more likely to have some kind of broadband access, either via NGA or
coaxial cable or both. This is in line with hypothesis 3. However, in part 2 of both
models, the main effects of being a KIB are significant and negative, which is opposite
to what hypothesis 3 implies. This means, according to the analyses in Table 5, that
being a KIB reduces the likelihood of being a ‘black firm’. This implies that there is only
partial support for hypothesis 3: KIBs are more likely to have some kind of broadband
available, but less likely to have both kinds (NGA and coaxial) available. We come back
to this finding in section 5.4. In the subsequent model we include some interaction
effects. In part 1 of this model with interactions, we see that the interaction effect
between population size and being located in a business area is insignificant.
However, the interaction effect between the number of firms in a business area and
being located in a business area is significant, meaning that the (negative) effect of
being located in a business area (main effect: Bsmall_area = ‐1.94) is strongly reduced for
business areas that include many business firms (Blarge_area=‐1.94 + 271 * 0.0044 = ‐
0.748). In any case, these findings do not provide support for hypothesis 1 – business
areas are not more likely to have broadband available. In part 2 of Table 5, both
interaction variables are significant. Here we again analyze the likelihood of being a
‘black firm’. The effect of being located in a business area (main effect: zero) a)
increases significantly for municipalities with more inhabitants and b) decreases
significantly the more firms are located in the business area. All these interaction
effects had not been hypothesized beforehand, but were found based on further
inspection of the data.
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The results indicate a somewhat surprising finding. Being located in a business
area tends to reduce the likelihood to get broadband access (either via Coaxial cable
or NGA). At the same time, being located in a business area does not affect the
likelihood to get superior access via both types at once. In any case, these findings are
not in line with hypothesis 1. Further, being a KIB increases the likelihood of getting
broadband access at all, but it does reduce the likelihood of getting superior access
via both types at once. This provides partial support for hypothesis 3. Hypothesis 2 is
supported as higher population density does indeed significantly increase the
likelihood of broadband access in all models. We discuss the findings in more detail in
section 5.4.

5.2.

Global Moran �

We use GeoDa (version 1.6.6; developed by Luc Anselin) for testing for the presence
of spatial autocorrelation (SA) in the data, as hypothesis 4 predicts. We test for SA in
all the three areas using the distance based matrix with a distance band of 3
kilometre. This distance band is chosen based on the suggestion that the distance that
provides the largest z value should be kept as the benchmark (geodacenter.asu.edu).
We also calculated Moran’s I for 0.5 km, 1 km, 3 km, 5 km, and 15 km, leading to very
similar I‐values that all are significant (all p values < .05, results available on request
from author). The analysis yields a Moran’s I value of I=0.0122 (p = .002, z = 3.08) Thus

the results indicate the existence of a small degree of spatial autocorrelation in the
data. We therefore find some support for hypothesis 4.

5.3.

Spatial Regressions

The test of hypothesis 4 has indicated the existence of (a small amount of) spatial
autocorrelation. This also suggests that using logistic regression without taking this
spatial interdependence into account may not have been entirely appropriate. We
now consider the spatial lag (SL) model and the spatial error model (SE) to try to
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understand the effect of the spatial interdependence in more detail.
5.3.1.

Spatial lag (SL) models

Examining the results of the spatial lag models gives us an idea about the extent to
which the spatial autocorrelation can be explained by a spatial relation between the
kinds of adoption across space. The results are displayed in Table 6, showing the
results of four different models. Model 1 and 2 are main effects models: 1 uses black
as the reference category, whereas 2 uses white as the reference category. Model 3
and 4 include interaction effects for models 1 and 2 respectively. The effect of the
variable labelled ‘lag dependent variable’ is insignificant in the two models that
analyze the likelihood of being a ‘black firm’, suggesting that the independent
variables ‘explain away’ the spatial effects. In the models that analyze being a ‘white
firm’ the ‘lag dependent variable’ is significant, meaning that a significant degree of
spatial autocorrelation exists. Table 6 provides another, perhaps better way, to test
the first three hypotheses, now taking the spatial lags into account. The main point to
notice is that with respect to our hypotheses, the results are in line with the findings
of the generalized logistic regression models as presented in Table 5. It is to be noted
that whenever the parallel lines assumption cannot be refuted, identical coefficients
for a variables are imposed. The highlighted coefficients are identical.
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Construction

Water

Energy

Mining

Health

Public Administration

Agriculture

Retail

Firm is Large (vs Micro)

Firm is Medium (vs Micro)

Firm is Small (vs Micro)

Neighbour Access type

Nearest University in KM

Nearest airport in KM

Distance

KIB

Log Population

1: grey and black vs. white
(reference= white)
Firm is in Business Area
‐1.904***
(‐21.69)
0.116***
(6.23)
0.269***
(3.38)
‐0.000292***
(‐20.75)
0.00769***
(3.69)
0.0105***
(3.79)
2.374***
(56.05)
‐0.414***
(‐5.23)
‐0.0416
(‐0.23)
0.731*
(2.16)
‐0.302***
(‐4.20)
‐1.825***
(‐25.40)
‐0.316
(‐0.63)
‐0.103
(‐1.38)
0.349
(0.47)
0.286
(0.39)
‐0.433
(‐0.81)
‐0.0791
(‐1.16)

(56.10)
‐0.393***
(‐4.96)
‐0.0673

(‐0.37)
0.689*
(2.05)
‐0.268***
(‐3.68)
‐1.792***
(‐24.61)
‐0.338
(‐0.67)
‐0.110
(‐1.48)
0.359
(0.50)
0.266
(0.37)
‐0.439
(‐0.83)
0.0317
(0.36)

Main effects +
interactions

‐1.574***
(‐23.65)
0.136***
(7.97)
0.294***
(3.65)
‐0.000276***
(‐20.25)
0.00843***
(4.07)
0.0108***
(3.93)
2.377***

Main effects
model

*

Firm is Medium (vs Micro)

Firm is Small (vs Micro)

Neighbour access type

Nearest University in KM

Nearest airport in KM

Distance

KIB

Log population

Firm is in Business area

2: black vs. white & grey
(reference: white & grey)

Constant

No. firms in BAX BA

Log pop. X business area

Sport

Rental

Real Estate

HORECA

Transport

Variables

Table 5: Generalized logistic regression model on broadband adoption

Variables

‐0.158
(‐1.65)
0.230***
(12.78)
‐0.276***
(‐3.88)
‐0.000652***
(‐27.40)
‐0.00160
(‐0.71)
‐0.00343
(‐1.22)
1.714***
(41.23)
0.592***
(7.59)
0.996***
(5.87)

‐3.277***
(‐16.02)
Main effects
model

‐0.145
(‐1.54)
‐0.495***
(‐0.494)
‐0.288
(‐1.62)
‐0.088
(‐1.00)
‐0.284**
(‐2.94)

Main effects
model

‐0.0183
(‐0.14)
0.227***
(12.47)
‐0.253***
(‐3.59)
‐0.000647***
(‐27.04)
‐0.00137
(‐0.60)
‐0.00345
(‐1.23)
1.716***
(41.32)
0.606***
(7.76)
0.974***
(5.77)

(5.21)
‐2.980
(‐13.71)
Main effects +
interactions

‐0.144
(‐1.51)
‐0.526***
(‐5.29)
‐0.323
(‐1.83)
‐0.089
(‐1.01)
‐0.284***
(‐2.92)
‐0.084
(‐1.44)
0.004***

Main effects +
interactions

(‐2.11)
‐0.145
(‐1.54)
0.553***
(6.33)
0.354*
(2.32)
‐0.088
(‐1.00)
‐0.284**
(‐2.94)

(0.37)
‐0.439
(‐0.83)
‐0.186*

0.689*
(2.05)
0.479***
(7.18)
‐0.791***
(‐5.77)
0.909**
(2.85)
‐0.110
(‐1.48)
0.359
(0.50)
0.266

Main effects
model

(0.39)
‐0.433
(‐0.81)
‐0.0791

0.731*
(2.16)
0.507***
(7.70)
‐0.766***
(‐5.61)
0.915**
(2.86)
‐0.103
(‐1.38)
0.349
(0.47)
0.286

Main effects +
interactions

(‐1.16)
‐0.144
(‐1.51)
HORECA
0.577***
(6.65)
Real Estate
0.379*
(2.49)
Rental
‐0.089
(‐1.01)
Sport
‐0.284**
(2.92)
Log po X business area
0.246
(2.56)
No firms in BA X BA
‐0.005**
(‐3.10)
Constant
‐6.478***
‐6.504***
(‐30.30)
(‐30.05)
N
26672
26672
t values provided in parentheses * p<0.05 ** p<0.01, *** p<0.001
Transport

Construction

Water

Energy

Mining

Health

Public administration

Agriculture

Retail

Firm is Large (vs Micro)

Variables

Table 6: Spatial Regression Results‐ Effects on Business Broadband Access through
Industry and Firm Specific Factors ‐ Using Spatial Lag Model

Lag Dependent Variable
Business Area
Ln Population
Knowledge Intensive
Business
Business Ar X Number of
Firms in business area
Business Area X Ln
Population
Firm is Small (vs Micro)
Firm is Medium (vs
Micro)
Firm is Large (vs Micro)
Agriculture
Retail
Health
Public Administration
Mining
Energy
Water
Construction
Transport
HORECA
Real Estate
Rental

(1) Spatial Lag
Model
Black=1

(2) Spatial Lag
Model
White=1

0.0086
(0.9916)
‐0.0442***
(‐5.8990)
0.0154***
(10.2838)
‐0.0324***
(‐4.6158)

0.0159**
(1.9771)
0.2314***
(30.6849)
‐0.0107***
(‐7.1197)
‐0.0216***
(‐3.0572)

0.0707***
(8.8943)
0.1326***
(7.1728)
0.1709***
(0.0438)
0.0217***
(2.6434)
0.0651***
(9.1567)
‐0.0295***
(‐3.3493)
0.1490 ***
(3.8758)
‐0.0380
(‐0.4462)
0.1949*
(1.9967)
0.0528
(0.8722)
‐0.0230***
(0.0082)
‐0.0172
(0.0114)
0.0758***
(0.0094)
0.0438***
(0.0157)
‐0.0080
(0.0106)

0.0569***
(7.1180)
0.0221
(1.1885)
0.0199
(0.4508)
0.3200***
(38.8224)
0.0334***
(4.6685)
‐0.0046
(‐0.5200)
0.0607
(1.5700)
‐0.1110
(‐1.2940)
0.1705*
(1.7360)
0.1075*
(1.7643)
‐0.0091
(‐1.1080)
0.0038
(0.3300)
0.0559
(5.9226)
(0.0285)
1.800421
0.0052
(0.4905)
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(3) Spatial Lag
Model
Black=1, with
Interaction
0.0085
(0.9893)
‐0.01699
(‐1.6405)
0.0163***
(10.5289)
‐0.0325***
(‐4.6396)
‐0.0003***
(‐3.2244)
0.0026
(0.3773)
0.0715***
(8.9986)
0.1328***
(7.1820)
0.1696***
(3.8696)
0.0218***
(2.6564)
0.0655***
(9.2191)
‐0.0298***
(‐3.3860)
0.1471***
(3.8289)
‐0.0388
(‐0.4558)
0.1906**
(1.9530)
0.04809
(0.7945)
‐0.0229***
‐2.8039
‐0.0176
(‐1.5474)
0.0760***
(8.1079)
0.04405***
(2.8057)
‐0.0079
(‐0.7435)

(4) Spatial Lag
Model
White=1, with
Interaction
0.0157**
(1.9603)
0.28926***
(27.7923)
‐0.0080***
(‐5.1350)
‐0.0219***
(‐3.0950)
‐0.0006***
(‐5.8284)
‐0.0110
(‐1.5728)
0.0585***
(7.3172)
0.0235
(1.2624)
0.0149
(0.3381)
0.3210***
(38.9732)
0.0345***
(4.8344)
‐0.0053
(‐0.5931)
0.0558
(1.4451)
‐0.1148
(‐1.3404)
0.1571
(1.6012)
0.0940
(1.5432)
‐0.0088
(‐1.0688)
0.0024
(0.2140)
0.0568
(6.0313)
0.0292 *
(1.8481)
0.0058
(0.5432)

Table 6 (Cont): Spatial Regression Results‐ Effects on Business Broadband Access
through Industry and Firm Specific Factors ‐ Using Spatial Lag Model
Sport

‐0.0351***
(‐3.0459)

0.01301
(1.1246)

‐0.0353***
(‐3.0581)

0.0129***
(1.1149)

Distance to nearest
airport (km)
Distance to nearest
research intensive
university (km)
Distance to MDF

‐0.0002
(0.0002)
‐0.0004
(0.0002)

‐0.0008***
(‐4.3502)
‐0.0012***
(‐4.9265)

‐0.0001
(‐0.7221)
‐0.0004
(‐1.5488)

‐0.0008***
(‐4.0695)
‐0.0012***
(‐4.8856)

‐3.19e‐005
(1.32e‐006)
0.1715
(0.0037)
‐0.2559
(0.0185)
0.0086
26857
0.1685
0.0940

2.60e‐005***
(19.6205)
‐0.2402***
(‐64.4342)
0.7099***
(37.9684)
0.0159
26857
0.3545
0.0952

‐3.12e‐005***
(1.33e‐006)
0.17167***
(46.3583)
‐0.2670***
(‐14.088)
0.0085
26857
0.1690
0.0940

2.75e‐005***
(20.6297)
‐0.2398144
(‐64.4258)
0.6785
(35.5346)
0.0157
26857
0.3564
0.0949

Nearest neighbour
access type
Constant
Lag coefficient (Rho)
N
R2
Sigma Sq.

t‐val in parentheses. *** is the sig. @ 0.001, ** is the sig. @ 0.05 and * is the sig. @ 0.01. The baseline category is the micro firms with size
<10.

Table 6 shows the following. The effect of being located in a business area is
insignificant in model 3, and significantly negative in model 1, model 2, and model 4.
For instance, model 2 and model 4 indicate that the likelihood of being a ‘white firm’
is significantly higher for firms located in a business area. Thus hypothesis 1 is not
supported. We find support for hypothesis 2 as a higher population density increases
the likelihood of being a ‘black firm’, and reduces the likelihood of being a ‘white
firm’, which is what hypothesis 2 implies. Being a KIB indeed significantly reduces the
likelihood of being a ‘white firm’, which is in line with hypothesis 3. However, contrary
to hypothesis 3, there is a significant negative association with being a ‘black firm’,
which is contrary to what hypothesis 3 predicts, so hypothesis 3 finds only partial
support. The models with interaction effects show the following. The population size
does not affect the main effect of being located in a business area, as the interaction
effects displayed in model 3 and model 4 are insignificant. The number of firms
located in a business area has a significant interaction with being located in a business
area. We also see that the zero main effect of being located in a business area for the
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likelihood of being a ‘black firm’ tends to become negative the more firms are co‐
located in the business area. This once again does not provide evidence in favor of
hypothesis 1. Furthermore, model 4 shows that the positive (main) effect of being
located in a business area for the likelihood of being a ‘white firm’ tends to become
smaller the more firms are co‐located in the business area. While these findings are
interesting by themselves, they do not change our conclusion with respect to
hypothesis 1 about the effects of being located in a business area, as hypothesis 1 is
not supported by the results. For a more detailed discussion we refer to section 5.4.
5.3.2.

Spatial Error (SE) models

We now turn to the results of the spatial error models. The findings are presented in
Table 7. With respect to our first three hypotheses, the pattern of effects is identical
to the effect pattern presented in the previous analyses. Accordingly, to reduce
repetition, we sketch the results of Table 7 only briefly. The four main effects of the
population size in model 1‐model 4 all are in line with the predictions of hypothesis 2.
Being a KIB does significantly reduce the likelihood of being a ‘white firm’, which is in
line with hypothesis 3, but it also significantly reduces the likelihood of being a ‘black
firm’ which is contrary to what hypothesis 3 predicts. Furthermore, the four main
effects of being located in a business area all are not in line with the predictions of
hypothesis 1 which, again, does not find any support. The effect pattern with respect
to the interaction effects also is in line with the findings presented in Table 6. There is
no significant interaction between the population size and being located in a business
area, neither in model 3 nor in model 4. However, the higher the number of firms co‐
located in a business area the more negative the effect of being located in a business
area on the likelihood of being a ‘black firm’ which is contrary to hypothesis 1. Finally,
the more firms are co‐located in a business area the smaller the positive effect of
being located in a business area on being a ‘white firm’ becomes. By and large, the
results of the analysis of interaction effects do not support hypothesis 1.
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Table 7: Spatial Regression Results‐ Effects on Business Broadband Access
through Industry and Firm Specific Factors Using Spatial Error Model

Business Area
Ln Population
Knowledge Intensive
Business
Business Area X Number
of Firms in business area
Business Area X Ln
Population
Firm is Small (vs Micro)
Firm is Medium (vs
Micro)
Firm is Large (vs Micro)
Agriculture
Retail
Health
Public Administration
Mining
Energy
Water
Construction
Transport
HORECA
Real Estate
Rental
Sport

(1) Spatial Error
Model
Black=1

(2) Spatial
Error Model
White=1

0.0571***
(7.1320)
0.0222
(1.1953)

(3) Spatial
Error Model
Black =1, with
Interaction
‐0.0170*
(‐1.6416)
0.0163***
(10.5340)
‐0.0329***
(‐4.6863)
‐0.0003***
(‐3.2270)
0.0026
(0.3752)
0.0716***
(9.0052)
0.1327***
(7.1791)

(4) Spatial Error
Model
White=1, with
Interaction
0.2891***
(27.7716)
‐0.0080***
(‐5.1613)
‐0.0232***
(‐3.2853)
‐0.0006***
(‐5.8015)
‐0.0112
(‐1.5870)
0.0586***
(7.3302)
0.02356617
(1.2682)

‐0.0442***
(‐5.9053)
0.0154***
(10.2875)
‐0.0327***
(‐4.663)

0.2314***
(30.6857)
‐0.0108***
(‐7.1495)
‐0.0230***
(‐3.2477)

0.0708***
(8.9010)
0.1326***
(7.1702)
0.1710***
(3.9031)
0.0216***
(2.6380)
0.0652***
(9.1569)
‐0.0295***
(‐3.3488)
0.1488***
(3.8723)
‐0.0376
(‐0.4411)
0.1950**
(1.9981)
0.05251***
(0.8676)
‐0.0230***
(‐2.8135)
‐0.0172***
(‐1.5100)
0.0758***
(8.0770)
0.0438***
2.7862
‐0.0081
(‐0.7626)
‐0.0351***
(‐3.0419)

0.0199
(0.4519)
0.3201***
(38.8259)
0.0334***
(4.6756)
‐0.0046
(‐0.5225)
0.0608
(1.5728)
‐0.1113
(‐1.2967)
0.1688*
(1.7187)
0.1071*
(1.7587)
‐0.0091
(‐1.1078)
0.0037
(0.3198)
0.0559***
(5.9238)
0.0287*
(1.8207)
0.0052
(0.4917)
0.0132
(1.1336)

0.1698***
(3.8738)
0.0217***
(2.6517)
0.0655
(9.2193)
‐0.0298***
(‐3.3856)
0.14699***
(3.8252)
‐0.0384
(‐0.4508)
0.1908
(1.9546)
(0.0478)
(0.7894)
‐0.0229***
(‐2.8033)
‐0.0176
(‐1.5484)
0.0760***
(8.0989)
0.0439***
(2.8017)
‐0.0080
(‐0.7510)
‐0.0352***
(‐3.2270)

0.01493
(0.3389)
0.3211***
(38.9778)
0.0346***
(4.8406)
‐0.0053
(‐0.5944)
0.0559
(1.4478)
‐0.1151
(‐1.344)
0.1558
(1.5876)
0.0935
(1.5370)
‐0.0088
(‐1.0674)
0.00237
(0.2073)
0.0569***
(6.0322)
0.0295
(1.8667)
0.0058
(0.5438)
0.0130***
(‐5.8016)
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Table 7 (Cont): Spatial Regression Results‐ Effects on Business Broadband Access
through Industry and Firm Specific Factors Using Spatial Error Model
Distance to nearest
airport (km)
Distance to nearest
research intensive
university (km)
Distance to MDF
Nearest neighbour
access type
Constant
Lag Coefficient (lambda)
Lambda
N
R2
Sigma Sq.

‐0.0002
(‐0.8445)
‐0.0003902898
‐1.586058

‐0.0008***
(0.0002)
‐0.0012***
(‐4.9051)

‐0.0001
(‐0.7184)
‐0.0004
(‐1.5533)

‐0.0008***
(‐4.1059)
‐0.0012***
‐4.8663

‐3.19e‐005
(‐24.1822)
0.1715***
(46.3080)
‐0.2548***
(‐13.769)
0.0095
0.0095
(1.0448)
26857
0.1685
0.0940

2.60e‐005***
(19.6231)
‐0.2401***
(‐64.4166)
0.7135***
(38.3043)
0.0043
0.0160*
(1.7573)
26857
0.3545
0.0952

‐3.12e‐005***
(‐23.4806)
0.1717***
(46.364)
‐0.2660***
(‐14.0548)
0.0160
0.009665976
1.06062
26857
0.1690
0.0940

2.75e‐005***
(20.6288)
‐0.2398***
(‐64.4087)
0.6819***
(35.8470)
0.0097
0.0148
(1.6281)
26857
0.3564
0.0949

t‐val in parentheses. *** is sig. @ 0.001, ** is the sig. @ 0.05 and * is the sig. @ 0.01. The baseline category is micro firms with firm size
<10.

5.4.

Summary and discussion of the main findings across the
different statistical models

In the following we summarize the main gist of our findings of the analyses presented
in Table 5 – Table 7. An important point is that the main findings are consistent across
the different spatial and non‐spatial models. Hypothesis 1 about the effect of being
located in a business area does not find support in our analyses. Hypothesis 2 about
the effect of the size of the population consistently finds support in all our analyses.
The larger the size of the population the more likely a firm does have access to
broadband and the more likely it does have superior access (to both types of
broadband). This is in line with earlier research. With respect to hypothesis 3, the
findings are mixed. Hypothesis 3 predicts a positive effect of being a KIB. The findings
indicate that being a KIB reduces the likelihood of having no broadband access at all
which is in line with hypothesis 3. At the same time, it also reduces the likelihood of
having superior access to both types of broadband which is contrary to the prediction
of hypothesis 3. With respect to hypothesis 4 we find support for the assumption that
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the data are spatially auto‐correlated. Accordingly, it is important to proceed with
analyzing the data by means of spatial error models and spatial lagged models. The
results of the spatial lagged models indicate that to some extent the spatial
autocorrelation is explained away through the inclusion of our independent variables
as the spatial autocorrelation was no longer significant in the model analyzing the
likelihood of having both types of broadband access (and in any case was small to
begin with). Only in the model analyzing the likelihood of having no access at all, some
degree of autocorrelation remained. With respect to the need for inclusion of the
spatial independence, our results are somewhat mixed. We do find spatial correlation,
suggesting that analyses should be conducted with while taking this into account.
However, the amount of spatial correlation is relatively small and the inclusion of
spatial interdependence in the statistical models does not lead to different results in
terms of hypothesis tests. We leave it open for further research to analyze in more
detail under which conditions how much spatial correlation should be taken into
account.
The results with respect to hypothesis 3 about KIBs are partly unexpected.
For the unexpected finding that being a KIB reduces the likelihood of having superior
access we offer the following tentative explanation. It might be that broadband
providers perceive the demand of knowledge intensive business firms as being
somewhat weaker so that they expect that the first supply offer will take over the
complete market, making the investments for a second broadband provider that
would enter the market become very risky. Or, it might be that providers know (or
think to know) that KIBs have a strong preference for the fastest solution in the
market, so that the providers with slower offers do not enter the market.
Furthermore, as Mack (2014) finds that broadband speed is irrelevant for KIBs, but
not access to the broadband itself, it may be that the KIBs have their leased lines. In
this case they do not have to rely on a high speed/ superior broadband provider for
high speed connections. Future research has to find out which of these explanations,
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if any, are valid.
The results with respect to hypothesis 1 are also unexpected, as they indicate
that firms in a business area are more likely to have no access at all and less likely to
have superior access. For this effect we offer the following tentative explanation. As
explained in section 2, the digging costs associated with fiber‐to‐the‐office
connections are high and there is a considerable risk that a business might move or
fail (FTTH Platform & Stratix Consulting, 2012). These costs and risks tend to deter
broadband providers from investments, thereby increasing the likelihood of having no
access at all. This argument can explain the unexpected significant main effects of
being located in a business area in all models presented in tables 5‐7. Furthermore,
this argument also explains the unexpected interaction effect between being located
in a business area and the number of firms co‐located in the business area on the
likelihood of having no access at all (Table 5 – part 1, Table 6 – model 4, Table 7 –
model 4). This interaction effect reduces the ‘deterrent’ main effect. For instance, in
Table 7, model 4 shows that being located in a small business area increases the
likelihood of having no access at all (Bsmall_area=.289). This deterrent effect, however, is
significantly reduced in large business areas. In the largest business areas it makes up
less than 50% of the original main effect (Blarge_area=.289 – 271 * 0.0006 = 0.126).
However, the significant negative interaction effect on the likelihood of having
superior access remains to be explained by future research.

6. General summary and discussion, limitations, policy
implications, and implications for future research
6.1.

Summary and discussion

In this paper, we analyze the determinants of firms’ access to digital broadband
networks including fiber connections, connections via coaxial cable, or digital
subscriber lines. For our analysis, we follow the European Commission Digital Agenda
(2011) and make a distinction between white, grey, and black areas depending on the
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kind of telecom infrastructure available at the address level. Contrary to earlier
studies examining the broadband digital divide at the level of firms, we do not rely on
information at the zip‐code level. Rather, we utilize a database about 26,857 firms in
the Dutch province Zeeland offering information at the more detailed address level,
including firm, industry and geographic information. We enrich the database with
additional information of location‐specific factors, including, for instance, variables
that indicate distances to important infrastructure elements, such as airports. An
important advantage of our approach is that we can test for the existence of spatial
autocorrelations that could not be taken into account by earlier studies that relied on
information at the zip code level. In line with our hypotheses, we find evidence for the
existence of spatial autocorrelation of broadband availability in Zeeland and thus
proceed by utilizing a mixture of standard logistic regression models and spatial
regression models that eliminated a potential bias originating from spatial
autocorrelation. We furthermore hypothesized that broadband is more likely to be
available to firms located in densely populated regions, in business areas, and to
knowledge intensive businesses (KIBs). The most important findings with respect to
our hypotheses are consistent across the different models used. We find support for
our hypothesis about population density, partial support for our hypotheses about
KIBs, and no support for our hypothesis about business areas. Our results indicate
that firms located in sparsely populated areas and those located in small business
areas suffer from a lack of access to broadband networks in general. Furthermore,
KIBs are less likely to have no access to broadband infrastructure. However, contrary
to our hypothesis, they are not more likely to have access to superior broadband
availability. The unexpected findings about business areas suggest that broadband
infrastructure investments in these areas are associated with additional costs and
risks that deter potential providers to invest. The risks stem from the high likelihood
that firms may move or fail, making the investment in additional digging costs to the
business area risky. Only in larger business areas, the risk is mitigated, reducing the
deterrent effect of being located in a business area for potential broadband providers.
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The unexpected finding that KIBs are not more likely to have superior access to
broadband infrastructure may be related to a perceived weakness of the demand for
broadband or a reluctance of less than optimal speed providers to enter the market.
In any case, the findings about KIBs are not in line with earlier research in the U.S. and
need further examination.

6.2.

Limitations

The analyses presented in this paper suffer from a number of limitations that are
inherent to the available data set. While the utilized data set offers a rich set of
information, it also implies some constraints that future research needs to overcome.
First, Zeeland is a small province of The Netherlands. It remains an open question
whether in other regions of the country a similar broadband digital divide along the
same dimensions that were found in this study, shows up (although we have no
particular reason to expect otherwise). Second, because of the geographical
peculiarities of the Zeeland province, the variables that utilize distances constitute
proxies that only approximate the real distances that travellers have to pass. Third,
our dependent variable (broadband availability) is a reflection of the behaviour of
both the demand and the supply side. While our reasoning leading to the hypotheses
assumes an underlying investment decision of the potential broadband providers, it
might be the case that the location decision of the firm has led to the (lack of)
broadband availability. For instance, it cannot be ruled out that KIBs decided to settle
down at those locations that have at least one form of broadband availability. It could
also be that firms decided to settle down at locations with a high‐density population
because they anticipated a better infrastructure supply at these locations. The effect
pattern (main effect and one type of interaction effect) of the variable ‘business area’,
on the other hand, at first inspection seems to suggest that at least some findings are
the result of the behavior of the supply side, as it is implausible to assume that firms
are attracted by infrastructure disadvantages that they experience through their
decision to settle in a business area. However, it might also be that locations without
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broadband access offer cheaper prices, thereby attracting businesses’ settlement.
Fourth, we examine broadband infrastructure availability, and not adoption of
broadband. While firms often will make use of the available network so that both
variables are closely related, sometimes this may not be the case. Accordingly, as
indicated by Kolko (2012), the distribution of availability should not be identical to the
distribution of use of broadband. Fifth, data on the digital skills or academic achieving
of workforce is also desirable in understanding the variations in the availability of
broadband and NGA since literature identifies both digital skills and higher education
to be strongly connected to the infrastructure availability.

6.3.

Policy Implications

These results are the first to document a clear broadband availability digital divide for
firms in a European region. They indicate that in the Zeeland province firms in specific
parts are at a disadvantage with respect to broadband network availability. Mainly,
firms in sparsely populated areas and firms in small business areas that include only
several firms suffer from a lack of access to broadband networks. This is an issue of
large relevance to policy makers. At the current state of affairs, firms in these
disadvantaged regions face an incentive to re‐locate and leave these regions, thereby
accelerating the already existing infrastructure problems that little villages and rural
areas face. The broadband digital divide for firms thus contributes to existing
cleavages between rural vs. urban regions. To prevent, or at least reduce, the
tendency to leave rural areas, policy makers can offer subsidies to potential
broadband providers to ensure broadband availability.
6.4.

Conclusions and implications for future research

The results of this study show that a digital divide for broadband availability to firms in
the Dutch province of Zeeland exists. Firms in sparsely populated areas and firms in
small business areas are more likely to suffer from a lack of access to broadband
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networks. To the best of our knowledge, this is the first study to document a
broadband digital divide for firms in Europe. As the province Zeeland is a region
consisting of islands and peninsulas, it has geographic peculiarities that make a
reproduction of this type of analysis for other and larger regions very important.
Future studies of the broadband digital divide that follow our lines of research would
have large policy relevance since the (potential) existence of a broadband digital
divide would identify a barrier that contributes significantly to a slow down of
economic growth and employment in the European information society. An important
finding for future research is that our spatial analyses indicate a clear spatial
autocorrelation, making the application of similar spatial regression analyses as we
have used them a good choice for future studies. Moreover, future research could
also analyze in more detail whether the broadband digital divide, at least to some
extent, might stem from the demand side. Thus future studies can analyze to what
extent the divide is a result from the businesses’ location decisions that anticipate
infrastructure limitations in rural or sparsely populated regions and therefore settle
down at more favourable places. A related question for future analyses relevant to
policy makers who aim at stimulating the economic growth potential is about the
actual subscription and use of broadband connections by firms. Not just availability,
but also the firms’ actual utilization of broadband connections contributes to fostering
economic growth and employment. Our study offers first important insights for such a
line of research.
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Chapter 4
Levels of ICT Adoption, Innovation, and Firm
Performance:
Understanding the problem of diverging effects of ICT
Abstract
We study the impact of ICT on firm performance. While there are a number of studies
showing positive impacts of investments in ICT on firm performance, the results seem
to fluctuate across firms, industries and performance measures, making the findings
difficult to generalize. Our claim is that distinguishing between kinds of ICTs can be
helpful, as different kinds of ICTs are used to bring about different kinds of firm
effects. We test this idea by re‐analyzing E‐business market W@tch data regarding
adopted ICTs, innovation and firm performance measures of 7,302 firms for the year
2003, as published in Koellinger (2008). First we conduct a Mokken scale analysis on
items measuring the use of different ICTs within SMEs. Second, we test whether SMEs
who score higher on this newly developed scale perform better, and find that effects
of ICT then surface more clearly than in the original analysis. Taken together, our
results show that ICT in firms can be interpreted as step‐by‐step process in which next
steps on the ICT‐ladder are taken only when previous steps have already been taken.
In this sense, our findings validate previous theoretical accounts of ICT‐maturity in
firms. In addition, when measured in this way, we see that an increasing level of
complex ICTs goes with better performance outcomes as measured by turnover and
profitability, although the risk of a decrease in performance also increases.
Keywords: e‐business applications, product innovation, process innovation, firm
performance.
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1. Introduction
Despite ICT and innovation being increasingly identified as inseparable, very few
studies address the combined impact of ICT and innovation on firm performance.
Koellinger (2008) is among the handful of studies to determine how Internet‐enabled
innovation is related to firm performance. His primary results indicate that Internet‐
enabled innovations are positively associated with turnover and employment growth.
Further, firms undertaking Internet‐related innovations are at least as likely to grow as
firms conducting non‐Internet enabled innovations. In this sense, these results speak
for the positive effects of innovations on firm performance which, in turn, are enabled
or facilitated by ICTs.
The research on the link between ICT, innovation and its effects on firm
performance has been analyzed in the business and economics literature, although
just by a few studies (Hempell & Zwick, 2008; Morikawa, 2004; Polder, Leeuwen,
Mohnen, & Raymond, 2010) and they all find strong links between ICT and innovation
types such as product, process and organizational innovation. In contrast, the link
between ICT and firm performance is well established in economics and business
studies (Brynjolfsson & Hitt, 2000; Brynjolfsson & Hitt, 2003; Castiglione, 2012; Gera &
Gu, 2004; Majumdar et al., 2010; Oliner & Sichel, 2000). In these studies, ICT is
generally but not always positively related to turnover growth and profitability,
whereas the impact of ICT on employment growth is more diverse. The papers also
highlight certain firm transformation tools through which ICT affects firm
performance. These tools include innovative business processes, new skills, advanced
industry structures, technical efficiency, and other organizational capital that
complements with ICT. Some recent papers have for instance found that the impact of
ICT on employment can be negative (Majumdar, 2008) as ICT can be a substitute for
low skilled and complement for high skilled labor (Brynjolfsson & McAfee, 2011; Falk
& Seim, 2001).
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Despite a greater amount of research on ICT and firm performance, existing
research on ICT and firm performance faces the issue that, when compared across
studies, the results are quite diverse and inhibiting generalization (Arvanitis, 2005;
Badescu & Garcés‐Ayerbe, 2009; Galve‐Górriz & Gargallo Castel, 2010). Research on
the effects of ICT on firm performance would profit from bringing these findings more
in line. One way to try to accomplish this is by disentangling the (positive) effects of
different kinds of ICT. Our basic premise is that to derive additional benefits from ICTs,
one need increasingly complex levels of ICT. Hence, empirically we would expect that
added benefits from ICTs are more likely ’the higher up on the ICT ladder’ a firm is.
We test these claims by re‐analyzing the data of a prominent paper in the field, the
article of Koellinger (2008) which is based on the relationship between internet based
and non‐internet based innovations, usage of e‐business applications and firm
performance. While the primary focus of Koellinger’s (2008) is on the effects of
‘Internet‐enabled innovation’, the ‘number of e‐business technologies’ adopted by
firms is taken as one of the control variables. The variable ‘e‐business applications’
which is a count variable on the number of e‐business applications used in a firm is
found to be an enabler of innovation in the year 2003 in some but not all analyses. In
our analysis we try to order ICTs in terms of prevalence (instead of just adding up how
many a firm uses) and test whether this way of measuring ICT will cause the effects of
ICTs to be more prominent than they were in Koellinger (2008). In addition, our study
also differs from Koellinger’s (2008) study because of the inclusion of more ICTs
compared to the original study: in addition to advanced e‐business applications, the
present study employs additional ICTs such as the infrastructure on which the
advanced e‐business applications are running such as LAN, intranet, WAN, and WLAN.
As our analyses will show, this analytical setup allows us to reveal several other
interesting findings related to ICT and firm performance, such as the finding that the
differences between firms are largely due to the adoption of more basic forms of ICT,
rather than through the more complex forms.
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There are therefore two main aims of this paper. The first aim is to
investigate whether ICTs and in particular e‐business ICTs can be ordered according to
their level of difficulty. Here, we propose to analyze the types of basic (infrastructure),
networking and e‐biz technology adoption by using Mokken scale analysis. In this way,
an ordinal scaling of different ICTs is achieved. The second aim is to consider whether
an increasing level of ICT sophistication affects firm performance outcomes.
Our paper is organized as follows: Section 2 presents the review of the relevant
theoretical and empirical literature on ICT adoption, innovation and firm performance
implications; Section 3 presents the methodology and database and introduces an ICT
adoption ladder framework. Further, the methodology section covers an overview of
Mokken scaling analysis and multinomial logit used in the analysis. Finally Section 4
provides main findings and draws some conclusions from our results.

2. Literature Review and Hypotheses
Based on the idea that ICT is a general purpose technology, the literature on ‘ICT
business value’ has usually estimated the investment in ICT in terms of the total
number of employees engaged in ICT or dollar investments in hardware (Bresnahan &
Trajtenberg, 1995). Recently, the literature on ‘ICT business value’ has emphasized the
importance of studying ICT in terms of its functionality rather than merely the dollar
investments in ICT (Aral, et al., 2012; Aral & Weill, 2007; Ciarli & Rabellotti, 2007;
Lucchetti & Sterlacchini, 2004). This change has been a response to the substantial
variation in returns to ICT investments (Aral & Weill, 2007; Brynjolfsson & Hitt, 1995).
Apart from the well‐recognized reasoning of differences in complementary
organizational practices (Bresnahan, et al., 2002), the literature is increasingly
emphasizing the value enhancing stages through which ICT creates business value.
Prior research has found that investments in different types of ICTs can have
competing impacts (Aral & Weill, 2007) and suggests a discontinuity in understanding
how ICT creates value to interpret the problem of diverging effects of ICT (Kohli &
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Grover, 2008). They argue that the past research has already shown that ICT indeed
has positive impact on firm performance, what is missing however, is how the
evolving role of ICT matter for firm performance. Using reasoning from Resource
Based View Theory, Nevo & Wade (2010) study the process through which ICT can
modify firm’s resources6 and create ICT‐enabled resources. The ICT‐enabled resources
(for example E‐Human Resource Management, Knowledge Management Systems,
Enterprise Resource Planning) can positively affect firm’s sustainable competitive
advantage in case there are synergies between firm resources and ICT systems.
However, Nevo & Wade (2010) do not clarify as to how ICT can turn into a ICT‐
enabled resource. Zand (2011) argues that in order to understand the path through
which a firm is set on its journey towards achieving a competitive advantage, one first
needs a thorough understanding of the basic ICT structure and its functionality so that
we can perceive the process through which these ICT‐enabled complementarities are
created. Therefore, in order to develop or enhance the ICT‐enabled capabilities, IT
managers must be aware of specific ICT roles and apply technology in the right
context (Zand, 2011) to enable firms move up through the various organizational
changes towards achieving new, often intangible firm assets ‐ typically called an
advanced IT enabled organizational transformation (Gregor, Martin, Fernandez, Stern,
& Vitale, 2006).
Understanding the process of how technologies have evolved can certainly
help understand the process through which certain technological regimes emerge.
The personal computer, which was introduced in 1975 (Anderson, 1995) contributed
greatly to the growth of enterprise data. However, the chief qualitative and
quantitative difference occurred when the disjointed PCs were connected through
Local Area Networks (LAN) or other connecting mechanisms (such as Wide Area
Network (WAN), Extranet, Intranet). The next phase was connecting the ‘networked
6

Resource based view postulates the strategic potential of firm resources that improve its efficiency
and effectiveness (Barney, Wright, & Ketchen, 2001). According to this view the strategic potential of
firm resources is based upon four properties; value, rarity, inimitability and non‐substitutability.
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computers’ into a global system using the standard ‘Internet Protocol Suite (TCP/IP)’
(Abbate, 2000). It is the Internet that carries the infrastructure to support emails, and
a wide array of applications such as the World Wide Web (www), peer‐to‐peer
networks, file sharing and other communication software. This brief historical sketch
already gives an idea about how various ICTs have advanced over time and, more
importantly, provides an obvious rationale on how potential benefits or consequences
of ICT depend on the kind of ICT under consideration. Because there are so many
different ICTs, it is not obvious how to classify them with a specific focus on the
benefits for firms. In addition, the technologies rarely stand alone and there may be
spillover from one technology to the next, and technologies also require
complementary inputs to be operable efficiently (Stoneman, 2002).
As noted above, the ICT business value literature takes three approaches: the
first one is measuring the productivity impact of ICTs through dollar investments in
ICTs. One could consider these investments at the firm level, as in Black & Lynch
(2001), Hempell (2005) and Matteucci et al., (2005) or at an aggregate country level,
as in Lee, Gholami & Tong (2005), Colecchia & Schreyer (2002) and Oulton (2002). The
second approach considers the functionality of different kinds of ICT and how they
can affect firm productivity (Aral, et al., 2012). A third approach is to conduct an ICT
characterization based on the ‘level of diffusion’ and ‘velocity of diffusion’
(Hollenstein, 2004). The level of diffusion is defined as the ‘percentage of firms using a
particular technology at a particular time’. He concludes that technologies with a high
level of diffusion are e‐mail and Internet, medium level are LAN/ WAN, EDI and
Laptop, while low level of diffusion are Intranet and Extranet. When we combine this
notion with the observation that diffusion of new technologies tends to be a dynamic
process that features pioneer users, followers, and a number of non‐adopters
(Rogers, 1995) it makes sense to consider an ICT adoption ladder in a firm context,
ranging from lower levels of ICT to medium and higher levels (all of which might vary
over time).
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A related sequential characterization of (the adoption of) ICTs has been
suggested before, for instance in Martin & Matlay (2001) and Earl (2000), although
not with the aim to allow estimating the benefits of ICTs for firms. These papers
present a ranking approach to represent the ‘digital journey’ of firms from a place
where one merely has an exchange of digitized information in and outside the firm to
a more transformed firm that allows open systems of information for the firm’s
stakeholders. In both studies, the ICT adoption stages are similar. Martin & Matlay
(2001) uses an ordering starting from email, website, e‐commerce, e‐business to
producing new business models for networking between firms and individuals. Earl
(2000) orders ICT starting from providing external communication through a
homepage to internal communication, e‐commerce, e‐business, e‐enterprise to
transformed firms, where the latter represents a firm that is comfortable in the digital
economy and has integrated ICT in such a way that it has become daily routine.
The suggestion that ICTs follow each other in a neatly sequential way is
obviously a simplification of the true process, as both Earl (2000) and Martin & Matlay
(2001) acknowledge. For instance Wolfe (1994) has criticized such models to be
especially blunt tools to analyze innovation in the context of complex processes
identified at the macro‐economic level: globalization processes do not follow a linear
model or a sequential path in a context of internationalization that includes several
factors affecting small firms (Matlay, 1999). We agree, but nevertheless feel that such
linear approximations can help us understand how a technology uptake has an impact
on firm performance at various levels.
A common thread in the literature on ICT business value is that ‐ once these
ICTs are in place and have been successfully implemented ‐ they are considered as a
major enabler of innovation, growth, and productivity (European Commission, 2008).
Among other benefits derived from the ICTs, complementary organizational capital
such as changes in firm structure, changes in human skill, new business processes
have achieved major attention in this line of research and are considered as
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imperative for productivity gains from ICT (Brynjolfsson & Hitt, 2003). In particular, ICT
is often closely linked to process innovation. The studies measuring the productivity
impacts of ICTs are combined into ‘ICT business value literature’ term (Kohli & Grover,
2008). In the ICT business value literature, there are a number of papers highlighting
the importance of ICT as a significant growth factor (Brynjolfsson & Hitt, 2000; Devaraj
& Kohli, 2003; Santhanam & Hartono, 2003). Further, several studies claim that ICT
adoption and domestication have a positive impact on a firm’s profitability, growth,
market value and share, and also on process improvement, service quality, cost
cutting etc. (Brynjolfsson & Hitt, 2000; Brynjolfsson & Yang, 1996; Dedrick, Gurbaxani,
& Kraemer, 2003b; Devaraj & Kohli, 2003; Doms & Bartelsman, 2000; Kohli & Grover,
2008; Melville, et al., 2004). What these studies have in common is that they consider
the impact of ICT in general, using ICT as a container term, without specific attention
for the identifying characteristics of separate ICTs.
Productivity gains of different types of ICTs have been tracked by a number
of studies. Qiang, Clarke & Halewood (2006) provide evidence that firms using email
for their customers can grow 3.4% faster in terms of sales compared to their
counterparts who do not use it (although at this point in time it would be hard to even
find a firm without email) . In another study on manufacturing SMEs of Canada it was
shown that firms that adopt e‐business achieved 4% growth in sales and 5% in export
performance (Raymond, Bergeron, & Blili, 2005). Looking in even more detail, at
particular e‐business applications, there is evidence that firms that adopt electronic
forms of customer relationship management are about 25 percent more likely to
experience revenue and productivity growth. Furthermore, DMS (Design Manufacture
Service) and ERP (Enterprise Resource Planning) significantly improve productivity and
market share of their firms (Zand & van Beers, 2010). Feng et al., (2004) evidenced the
positive effects of KMS (Knowledge Management Systems) on financial performance
(such as reduced administrative costs and improved productivity) by comparing the
adopters vs. non‐adopters while Choi & Lee (2003) also develop theoretical &
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empirical arguments on the positive effect of KMS on firm performance outcomes
such as overall success, market share, growth rate, profitability and innovativeness.
What permeates all these studies is that the web presence of firms is
recognized as a starting point to derive benefits by making access to and distribution
of information, consistency and width of communication, and making the general
workflow more effective and efficient. The more firms implement such ICTs as a
strategic move of the firm towards achieving higher innovation capabilities, the better
these firms perform.
Koellinger (2008) considered the impact of, among other factors, ICTs on the
probability of turnover increase (and decrease and equality), on the probability of firm
profitability, and on the probability of an increase (and decrease and equality) of
firms’ employment level. He found that there was mild support for the claim that ICT
impacts these variables. There was a positive (negative) though small effect on the
probability of turnover increase (unchanged) and no effect on the probability of a
decreased turnover. There was a negative but small effect on the probability to
experience unchanged employment levels, a significant but small effect on the
probability to experience decreased employment levels, and no effect on the
probability to experience an increase in employment levels. Furthermore, the effect
of ICTs on profit was not significantly different from zero. However, Koellinger (2008)
used a rather crude measure for ICT adoption, namely simply the total number of ICTs
implemented. We test whether a more detailed measurement of ICTs can make the
effects of ICTs on firm results more salient.
Our main hypotheses are:
Hypothesis 1
Business ICTs can be ordered sequentially and can be seen largely as a step‐by‐step
process (an ’ICT‐ladder’). Simpler technologies are adopted first and more complex
technologies are adopted only after the simpler ones have already been adopted.
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Hypothesis 2
The higher a firm is on the ICT‐ladder (that is, the more ICTs have been adopted):
a.

the more likely that a firm has a turnover increase

b. the less likely that a firm has a turnover decrease 7
c. the more likely that a firm has an increase in profitability
d. the more likely that a firm experiences an employment increase
e. the less likely that a firm experiences an employment decrease

3. Data and Methodology
3.1.

Data

Our study uses the same data as Koellinger (2008), consisting of firm‐level data
obtained from a large sample of European firms during the year 2003. We briefly re‐
iterate some a description of the data here. The e‐Business Market W@tch survey
consisted of 7,302 observations, obtained through computer‐aided telephonic
interviews (CATI). Participating firms were randomly selected from 10 sectors and 25
European countries, though not all sectors were covered in each country. The
decision‐maker in the enterprise targeted by the survey was the person responsible
for IT within the firm, typically the IT manager (European Commission, 2004). Overall,
the sample contains 101 markets with approximately 60 firms surveyed per market.
The dataset contains qualitative information about firm performance. In particular,
firms were asked the following questions relating to their performance:

7

Koellinger (2008) is not clear about why one would expect an effect of ICTs on the probability that
turnover remains unchanged. As there are three categories (increase, unchanged, decrease), using
‘unchanged’ as a binary target variable implies that one considers effects on the likelihood of stability in
turnover. That is, a negative effect in a logistic analysis would imply an increased likelihood to have either
an increase or a decrease in turnover. Although it is imaginable to have hypotheses along such lines, we do
not think this is what Koellinger (2008) addresses. In the empirical part we will nevertheless show such
analyses to be consistent with Koellinger (2008). We do not include predictions about the likelihood of
equality though. The same goes for the likelihood that a firm experiences no change in their employment
level.
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Has your firm been profitable over the past 12 months? (yes / no / don’t
know, not applicable)



Has the turnover of your firm increased, decreased or roughly stayed the
same when comparing the last financial year with the year before?
(increased / decreased / roughly stayed the same / don’t know, not
applicable)



Has the number of employees in your firm increased, decreased, or roughly
stayed the same during the past 12 months? (increased / decreased /
roughly stayed the same / don’t know)

Answers to these three questions were recorded as three categorical
performance variables (profit, turnover, employment). The categorical values were
then used to generate seven binary variables that serve as dependent parameters in
the analysis. In both Koellinger’s and this study, all seven binary variables are analyzed
in separate estimation models. All models follow the same basic structure; they are
only different in the dependent variable. Further details about the sample and data
collection are available from the European Commission.

3.2.

Technology Adoption Mapping

We analyze the ICT‐related data using a Mokken Scaling Analysis (MSA). The MSA is a
non‐parametric item response theory procedure, in essence a probabilistic version of
Guttman scale analysis (which is probably best known for its use in assessing the
dimensionality and scalability of psychometric measures)(see, e.g. Mokken, 1971;
Molenaar, 1997). Both Guttman and Mokken scaling are based on the assumption
that the items are hierarchically ordered. In our context, this hierarchical order
implies that a respondent who has adopted a ’difficult’ ICT is assumed also to have
adopted an easier ICT. The key difference between a Guttman and Mokken scale is
that Mokken scaling is probabilistic in nature. The assumption is not that every firm
who has adopted a difficult ICT will necessarily have adopted an easier ICT. Violations
of this assumption are called Guttman errors. Instead, the assumption is that
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respondents who have adopted more difficult ICT are more likely to have adopted an
easier ICT. The scalability of a Mokken‐scale is measured by Loevinger's coefficient H.
H compares the actual Guttman errors to the expected number of errors if the items
would be unrelated. H‐values below 0.3 suggest that the items are unscalable. Larger
H‐values lead to weakly scalable (0.3 – 0.4), moderately scalable (0.4 – 0.5) and
strongly scalable (H>0.5) scales (Mokken, 1971; Sijtsma & Molenaar, 1987).
One‐dimensional scales are formed in MSA using a ’bottom‐up’ hierarchical
clustering criterion; the item scores must be locally stochastically independent and
the item response function must not intersect. Further, the probability of a positive
response must be monotonously non‐decreasing function of the latent scale. Using
the homogeneity coefficient ����� ��as the clustering criterion, the pair of items with

the highest ����� ��is selected (Van Schuur, 2003). After the first pair of items has been

extracted, the items with the next best fit in the scale are selected. Inclusion of items
onto a respective scale is based on the fulfilment of the criterion of positive co‐

variation with the previous item; a Loevinger H‐value ��� above the coefficient value

��� and of the item increasing the overall � value of the previously selected item

(Meijer & Baneke, 2004). This procedure is repeated until no remaining items meet
the inclusion criteria. Once a scale has been saturated with items meeting its inclusion
criteria, a new scale is formed and the process continues until all of the items have
been used or specifically excluded due to failure to fulfil the inclusion criteria.

3.3.

ICT Adoption and Firm Performance ‐ Estimating Heterogeneous
Choice Models

The data is a cross section of N number of firms with the index�� � ���� � �. Each firm

operates at least in one market and there are � markets with the index � � ���� � �.
The outcome variable ��� is a binary outcome variable dependent on a vector of

observable firm specific characteristics��̅�� . Here, ��represents the previously

mentioned firm performance variables such as turnover (increase, decrease,
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unchanged), profitability and employment (increase, decrease and unchanged). The
vector of firm performance characteristics  ݔincludes observable factors such as the
technologies adopted, innovative performance of the firm, market share, size and

level of education of employees. Further the performance also depends upon
unobservable characteristics measured by the error term. As explained in detail in
Koellinger (2008), an analysis of the relation between ICT and firm performance needs
to control for alternative factors that influence performance, while simultaneously
taking into account that not all factors that could play a role are actually observable in
the data. The market characteristics are especially likely to play an important role
(Dunne, Roberts, & Samuelson, 1988, 1989). When market conditions for firms
operating in the same market are similar but different for firms in the other sectors,
there will be intra‐market correlation between firms operating in a similar industry.
To model the heterogeneity within each ‘country‐sector cluster’, we use random
effects logistic regression or ‘error component model’ as Koellinger (2008) labels it.
Hence each country‐sector is assumed to have its own level of firm performance. A
binary logistic random effect model has a binary outcome (the abovementioned firm
performance characteristics) and regress the log odds of the outcome probability on
different independent variables to estimate the probability that happens, given the
random effects, while controlling for effects at the country‐sector level.

4. Results
4.1.

Descriptive Findings

We make a list of adopted ICTs for Mokken Scaling Analysis (MSA). Table 1 shows the
percentage of firms who have adopted those ICTs that we use for MSA. Use of a
website is most common; almost all the firms have a website. The most adopted ICTs
include Email (99%), World Wide Web (95%), and LAN (69%) while the least adopted
ICTs are Supply Chain Management (5%), Knowledge Management System (9%) and E‐
learning (11%).
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Table 1: Descriptive Statistics for the ICTs (ordered by prevalence)
No.

Type of ICT Adopted

1
2
3
4
5
6
7
8
9
10
11

Website
Use of Email
World wide web
LAN
Intranet
Content Management System
WAN
Extranet
Wireless LAN
Enterprise Resource Planning (ERP)
Customer Relationship Management
(CRM)
E‐Learning
Knowledge Management System
(KMS)
Supply Chain Management (SCM)
Number of observations

12
13
14

%Use in firms
(Firms for which all
data
points
are
available)
60.3
96.2
89.6
55.8
39.0
28.5
12.5
16.2
12.5
10.7
10.1

% Use in firms

8.5
6.3

11.4
8.6

3.8
From 4176 (for CMS)
to 7280 (for website)

4.9
3394

100
98.8
94.9
69.4
50.9
28.1
27.4
21.9
18.2
14.9
14.6

Note the difference between the two right columns. Considering only those cases
for which all data are available drastically reduces the total number of cases (it more
than halves the sample). Closer inspection of the data suggests that there are quite
some missing values in the data set (and much less ‘don’t know’) answers. We stick to
the analysis with 3,394 cases as it allows for a direct comparison with the results from
Koellinger (2008). Moreover, the correlation between the two right columns in Table
1 is 0.96. It is however reasonable to assume that the firms we leave out have less ICT
than the ones who have at least answered all questions.

4.2.

Using Mokken‐scaling to develop an ICT‐ladder

The results of a MSA can be found in Table 2. The procedure creates a subset of all
ICTs, in such a way that the Mokken scaling property ‐ that next steps on the ICT‐
ladder are made only after previous ones have been made ‐ is safeguarded. The scale
then consists of (in this order) Email, World Wide Web, LAN, Intranet, WAN, Wireless
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LAN, Enterprise Resource Planning, Customer Relationship Management, and E‐
learning. The scale has a Mokken  ܪvalue of 0.591, which is considered a strong scale.
This confirms Hypothesis 1, at least when we restrict the data to the ICTs as

mentioned in Table 2.
Table 2. Mokken Scale of ICTs (N=3394)
% Use in businesses

Loevinger’s H
coefficient

Email

0.99

0.59

World Wide Web (WWW)

0.95

0.50

Local Area Network (LAN)

0.69

0.64

Intranet

0.51

0.54

Wide Area Network (WAN)

0.27

0.51

Wireless LAN (W‐LAN)

0.18

0.35

Enterprise Resource Planning (ERP)

0.15

0.35

Customer Relationship Management (CRM)

0.15

0.39

E‐learning

0.11

0.31

As Table 2 shows, some ICTs have been left out of the scale (for instance using a
Knowledge Management System). This implies that empirically the particular ICT does
not follow the logic of an ICT‐ladder, where a next step on the ladder only occurs
when all previous ones have been made. The Loevinger’s H coefficient in column 3
measures the quality of pair of items as proposed by Mokken (1971). The expected
value under the null hypothesis states that the items are independent hence ܪ is 0.

In case no error is observed then ܪ is 1. A good scale should have Loevinger’s

coefficient of greater than 0.5. We see that the items Email, WWW, LAN, Intranet, and
WAN have a strong scalability. However, the more advanced ICTs such as W‐LAN, ERP,
CRM and E‐learning constitute useful but weak scalability since the value of
Loevinger’s coefficient ܪlies between 0.3 and 0.4. This indicates that the simpler
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forms of ICT provide stronger scalability compared to their more advanced
counterparts. The order of the items also makes intuitive sense: simpler forms of ICT
are lower on the ladder. One could therefore also interpret this as measuring the
maturity of a firm’s ICT adoption in terms of the complexity it manages. In addition,
this line‐up of ICTs can be interpreted as the empirical implementation equivalent of
the theoretical ICT‐ladder Earl (2000) and Martin & Matlay (2001).

4.3.

Increasing Complexity of ICT, Innovation and Firm Performance

4.3.1.

Replication of Koellinger’s Analysis

Before reporting our own analyses, we first replicated the results of Koellinger (2008)
in Table 3. The results are not exactly identical. We were able to trace this discrepancy
to a coding difference in the variable that represents that size of the firms
(apparently, Koellinger had more firm sizes or perhaps imputed some firm sizes in the
data set. The differences are negligible (a statistical comparison between the two is
highly insignificant). Table 3 shows that a greater level of Internet‐enabled product
and process innovation is related to firm performance variables. Only product
innovations are positively associated with profitability and on this point, Koellinger
suggests that this can be due to the fact that process innovation takes longer to
generate positive returns compared to product innovations and also that the strategic
advantages can be retained only when competitors have not imitated the innovation
yet. Alternatively, it might be that profitable firms invest more in product innovation
compared to process innovation. The number of e‐business technologies relates to
turnover increase, to the turnover unchanged variable and employment decrease and
employment unchanged. Although we report the results of the ’unchanged’
categories to be consistent with Koellinger (2008), we find the interpretation of these
analyses unclear already in the original. Whereas an increase (in turnover, or
employment levels) or a decrease represents the ends of the scale, the unchanged
category represents the mid‐point of the three categories. With such a dependent
variable, a negative effect of x should be interpreted as ’if x increases, it is more likely
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that the dependent variable either increases or decreases’. Stated otherwise, analyses
with ‘unchanged’ as the dependent variable consider effects on volatility. Although
this is certainly possible, the nature of such hypotheses is totally different from
hypotheses about mean (likelihoods of) increases or decreases.
As an interesting aside, we estimated the variation at the country‐sector
level for all seven dependent variables (three turnover variables, three employment
variables, and profitability). It turns out that this variation is relatively low (ranging
from 0.02 to 0.10). Apparently, by far, most of the variation is within country‐sectors,
and much less between country‐sectors (ranging from 0.00 to 0.07).
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0.373***
(4.29)
0.324***
(4.31)
0.250***
(3.55)
0.270***
(3.38)
0.422**
(3.25)
‐0.281**
(‐2.79)
‐0.0453
(‐0.47)
0.229*
(2.06)
0.122
(1.17)
0.147
(1.89)
0.000791
(0.74)
0.133***
(4.36)
5697

0.387***
(4.41)
0.433***
(6.28)

Turnover
Increase

‐0.335***
(‐3.66)
‐0.221**
(‐2.85)
0.0117
(0.17)
0.123
(1.52)
‐0.146
(‐1.06)
‐0.129
(‐1.30)
‐0.157
(‐1.62)
‐0.0560
(‐0.50)
‐0.0766
(‐0.72)
‐0.0931
(‐1.19)
0.000896
(0.84)
‐0.107***
(‐3.34)
5697

‐0.199*
(‐2.19)
‐0.278***
(‐4.00)

Turnover
Unchanged

‐0.112
(‐0.98)
‐0.166
(‐1.74)
‐0.342***
(‐4.08)
‐0.564***
(‐5.63)
‐0.454**
(‐2.64)
0.485***
(4.41)
0.271*
(2.43)
‐0.284
(‐1.94)
‐0.0697
(‐0.52)
‐0.0891
(‐0.90)
‐0.00243
(‐1.84)
‐0.0628
(‐1.56)
5697

‐0.277*
(‐2.45)
‐0.214*
(‐2.56)

Turnover
Decrease

‐0.00160
(‐0.01)
0.0334
(0.34)
0.0339
(0.38)
‐0.0310
(‐0.31)
‐0.00808
(‐0.05)
‐0.527***
(‐4.61)
‐0.0365
(‐0.30)
‐0.0143
(‐0.10)
0.337*
(2.33)
0.227*
(2.26)
‐0.000490
(‐0.36)
0.0421
(1.04)
5796

0.346**
(2.96)
0.235**
(2.67)

Profit

0.564***
(6.18)
0.482***
(5.92)
0.924***
(11.14)
0.869***
(9.48)
0.888***
(6.64)
‐0.0661
(‐0.55)
‐0.00811
(‐0.07)
0.177
(1.44)
0.325**
(2.95)
0.0785
(0.93)
0.00151
(1.27)
0.0390
(1.24)
6415

0.396***
(4.22)
0.375***
(4.79)

Employment
Increase

t statistics in parentheses; * p<0.05, ** p<0.01, *** p<0.001; Reference categories: No innovation last year, 1‐9 employees, market share unknown

N

# e‐business technologies

% employees with university degree

Market Share >25%

Market Share 11‐25%

Market Share 6‐10%

Market Share 1‐5%

Market Share < 1%

Large (>250 employees)

Medium (50‐249 employees)

Small (10‐49 employees)

Non Internet Related

Internet Process Innovation last year
Internet Related

Non Internet Related

Product or service innovations last year
Internet related

Covariables

Table 3: Replicating the analyses in Koellinger (2008)

‐0.380***
(‐4.66)
‐0.391***
(‐5.52)
‐0.706***
(‐10.48)
‐0.823***
(‐10.93)
‐1.207***
(‐10.08)
‐0.223*
(‐2.36)
‐0.179
(‐1.96)
‐0.209*
(‐1.97)
‐0.355***
(‐3.60)
‐0.104
(‐1.43)
‐0.000408
(‐0.40)
‐0.0926**
(‐3.23)
6415

‐0.169*
(‐2.05)
‐0.150*
(‐2.28)

Employment
Unchanged

‐0.108
(‐1.01)
0.0641
(0.71)
0.155
(1.76)
0.426***
(4.48)
0.907***
(6.49)
0.390***
(3.39)
0.288*
(2.55)
0.135
(1.00)
0.176
(1.40)
0.0871
(0.91)
‐0.000921
(‐0.69)
0.0859*
(2.45)
6415

‐0.190
(‐1.76)
‐0.174*
(‐2.09)

Employment
Decrease

4.3.2.

Including the ICT‐ladder

We now construct a variable ‘Mokken scale ICT’ on the basis of the ICTs as indicated
by the MSA. The result provides us a measure of ICTs used in a firm based on the level
of complexity. The correlation of this variable (calculated on the 3394 base cases)
equals 0.67. Table 4 shows the correlation of this variable with all seven dependent
variables, and the correlation of the number of e‐business ICTs (the variable that was
used in Koellinger, 2008).
Table 4: Correlation of two ICT measures with firm characteristics (N=3394)
Turnover

Mokken

Profit

Increase

Unchanged

decrease

0.14

‐0.09

‐0.08

0.12

‐0.09

‐0.05

Employment
increase

Unchanged

Decrease

0.02

0.12

‐0.17

0.08

0.02

0.07

‐0.12

0.06

ICT scale
e‐
business
count

Table 4 shows that the correlation of the Mokken‐ICT scale measure with all
dependent variables is slightly further away from zero than the correlation of the e‐
business count variable with these same measures (on average about 15%).
In Table 5 we use our variable ‘Mokken scale ICT’ variable instead of the e‐
business count variable to estimate whether an increasing level of ICT‐complexity
contributes to firm growth. As it turns out, the Mokken scale ICT‐variable has
significant effects in all analyses. In case of turnover increase, ‘Mokken scale ICT’
shows a positive coefficient of 0.88, p=0.00. This means that increasing level of
‘Mokken scale ICT’ would increase the odds of a turnover increase by a factor of 2.40
(=exp(0.88)), keeping everything else constant. The variable is significantly negative
for both turnover unchanged and turnover decrease with a coefficient of ‐0.59,
p=0.001 and ‐0.49, p=0.03 respectively. We note that an increasing level of ICT
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difficulty is positively correlated with turnover increase while negatively with turnover
unchanged and turnover decrease. Apparently, firms with increasingly complex ICTs
perform better on sales growth while averting a negative or constant sales growth.
For profitability, the coefficient of ‘Mokken scale ICT’ is 0.69 (p=0.004). Hence, using
more complex ICT is also positively affecting the profitability. While some recent
papers find that the impact of Enterprise systems / e‐business applications is
irrelevant for profitability (Wieder, Booth, Matolcsy, & Ossimitz, 2006; Zand & van
Beers, 2010), and also including Koellinger (2008), our results indicate that ICT
enterprise systems are in fact positively correlated with a firm’s profitability when
measured as an ICT‐ladder construct instead of a mere count of e‐business ICT
applications. Further, the Mokken scale ICT variable is positive and significant for
employment increase (coefficient value: 0.57, p=0.003), significantly negative with
employment unchanged (coefficient value: ‐0.84, p<0.001) and significantly positive
again for employment decrease (coefficient value: 0.63, p=0.004). Apparently, ICT
increases the variability in employment levels. The number of e‐business technologies
used by Koellinger is not significant in all the cases (only significant for Turnover
increase, decrease, Employment unchanged and decrease) while the magnitude is
also very small (ranging from ‐0.16 to 0.15). Hence the count for e‐business
technologies is not a strong predictor if we compare it to Mokken ICT for firm
performance variables.
The other important predictors of firm performance are Internet and non‐
Internet related product and process innovations. Both Internet related and non‐
Internet related product innovations are positively and significantly associated with
turnover increase (coefficients: 0.35, p<0.001 and 0.40, p<0.001), while significantly
negative with turnover unchanged (coefficients: ‐0.19, p=0.03 and ‐0.27, p<0.001) and
turnover decrease (coefficients: 0.25, p=0.03 and 0.18, p=0.03). This indicates that
product innovations, whether or not Internet related, are an important factor for
sales growth. Further, product innovations (Internet and non Internet related) are
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significantly and positively correlated with profitability (coefficients: 0.30, p=0.01 and
0.22, p=0.02). For employment increase, the Internet related and non‐Internet related
product innovations are significant and positive (coefficients: 0.34, p<0.001 and 0.35,
p<0.001); we do not find significant relationships of both innovation types with
employment unchanged and employment decrease, though all effects are negative
and close to significant (p‐values of 0.067, 0.08, and 0.11). All the results for product
innovations are similar to Koellinger’s results.
For the process innovations, the Internet related and non Internet related
innovations are both positive and significantly related to turnover increase
(coefficients: 0.37, p<0.001 and 0.30, p<0.001), negative and significantly related to
turnover unchanged (coefficients: ‐0.34, p=0.01 and ‐0.21, p=0.01) while no significant
relation is found between process innovation types and turnover decrease. There are
no effects of Internet related and non‐Internet related innovations on profitability and
employment decrease. However, both innovation types are positively and significantly
related to employment increase (coefficients: 0.55, p<0.001 and 0.48, p<0.001) and
negatively significant with employment unchanged (coefficients: ‐0.34, p<0.00 and ‐
0.38, p<0.001). These results are also similar to Koellinger’s results. While he states
that any form of innovation is important, the difference between the effects of
Internet related and non‐Internet related is smaller than the differences between
process and product innovation. We also find that our one‐dimensional measure for
ICT adoption positively correlates with profitability. The human capital (we measure it
in terms of percentage of employees with a university degree) is not significant for
any of the dependent variables, as was the case in Koellinger (2008). In short, the
Mokken‐ICT variable causes the effects of ICT to be more prevalent without causing
major disruptions in the results of other predictor variables.
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Market Share >25%

Market Share 11‐25%

Market Share 6‐10%

Market Share 1‐5%

Market Share <1%

Large (>250 employees)

Medium (50‐249 employees)

Small (10‐49 employees)

Non Internet Related

Internal Process Innovation last
year
Internet Related

Non Internet Related

Product or service innovations last
year
Internet Related

0.366***
(4.21)
0.298***
(3.93)
0.185*
(2.53)
0.167*
(1.97)
0.311*
(2.29)
‐0.186
(‐1.82)
‐0.134
(‐1.35)
0.214
(1.89)
0.135
(1.28)
0.141
(1.80)

0.349***
(4.01)
0.398***
(5.68)

Turnover
Increase

‐0.341***
(‐3.74)
‐0.212**
(‐2.72)
0.0503
(0.68)
0.156
(1.83)
‐0.0887
(‐0.62)
‐0.212*
(‐2.10)
‐0.138
(‐1.40)
‐0.0557
(‐0.49)
‐0.116
(‐1.08)
‐0.137
(‐1.72)

‐0.192*
(‐2.14)
‐0.270***
(‐3.83)

Turnover
Unchanged

‐0.0956
(‐0.83)
‐0.149
(‐1.54)
‐0.321***
(‐3.64)
‐0.492***
(‐4.58)
‐0.389*
(‐2.15)
0.496***
(4.31)
0.382***
(3.32)
‐0.273
(‐1.78)
‐0.0453
(‐0.33)
‐0.0410
(‐0.41)

‐0.246*
(‐2.17)
‐0.182*
(‐2.11)

Turnover
Decrease

Table 5. Results‐ xtlogit after adding Mokken Scaling Component

‐0.0650
(‐0.56)
‐0.0246
(‐0.25)
0.00414
(0.04)
‐0.169
(‐1.57)
‐0.203
(‐1.17)
‐0.505***
(‐4.21)
‐0.0471
(‐0.38)
‐0.00303
(‐0.02)
0.340*
(2.30)
0.184
(1.79)

0.300*
(2.56)
0.215*
(2.36)

Profit

0.547***
(6.03)
0.475***
(5.81)
0.830***
(9.73)
0.721***
(7.51)
0.720***
(5.17)
‐0.0809
(‐0.67)
‐0.0703
(‐0.63)
0.140
(1.13)
0.308**
(2.80)
0.0549
(0.65)

0.342***
(3.69)
0.345***
(4.38)

Employment
Increase

‐0.344***
(‐4.26)
‐0.379***
(‐5.32)
‐0.652***
(‐9.31)
‐0.702***
(‐8.90)
‐1.033***
(‐8.33)
‐0.267**
(‐2.78)
‐0.212*
(‐2.29)
‐0.189
(‐1.74)
‐0.340***
(‐3.44)
‐0.103
(‐1.41)

‐0.148
(‐1.83)
‐0.157*
(‐2.36)

Employment
Unchanged

‐0.133
(‐1.24)
0.0531
(0.58)
0.147
(1.60)
0.378***
(3.73)
0.817***
(5.56)
0.465***
(3.91)
0.389***
(3.39)
0.129
(0.93)
0.167
(1.31)
0.102
(1.05)

‐0.170
(‐1.59)
‐0.150
(‐1.75)

Employment
Decrease
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‐2.636***
(‐7.97)
5376

(0.85)
‐0.590**
(‐3.24)
‐0.162
(‐1.82)

(0.42)
0.875***
(4.80)
‐1.011***
(‐10.24)
‐1.614***
(‐7.60)
5376

0.000882

0.000444

‐1.243***
(‐5.30)
5376

(‐1.58)
‐0.490*
(‐2.12)
‐0.987***
(‐8.32)

‐0.00210

‐0.931***
(‐5.50)
5518

(‐0.94)
0.685**
(2.85)
1.451***
(11.22)

‐0.00129

‐1.859***
(‐7.50)
6072

(1.50)
0.571**
(2.95)
‐2.477***
(‐22.18)

0.00174

‐2.841***
(‐8.49)
6072

(0.01)
‐0.836***
(‐5.00)
1.504***
(17.30)

0.00000618

t statistics in parentheses; * p<0.05, ** p<0.01, *** p<0.001; Reference categories: No innovation last year, 1‐9 employees, market share unknown

N

ln σ2u
_cons

Constant

Mokken ICT

% employees with university
degree

Table 5 (continued). Results‐ xtlogit after adding Mokken Scaling Component

‐1.490***
(‐6.44)
6072

(‐1.56)
0.629**
(2.91)
‐2.094***
(‐17.66)

‐0.00208

In Table 6, we account for market effects in a bit more detail by considering the make‐
up of the market in terms of firm sizes. To do this, we replace the variables small,
medium, and large (representing firm sizes), by their country‐sector means and the
deviations from these means, as is customary in multi‐level analyses. That is, instead
of the binary variable representing whether a firm is small (10‐49 employees), we
calculate the proportion of small firms in a country‐sector and call this variable
m_small (for ‘mean of small’). Then, we calculate the variable d_small (representing
the ‘deviation of small’ from its mean value) as the difference between the original
dummy variable and m_small. We do the same for medium and large sized firms.
Obviously, the variable ‘mean of small’ is constant within a country‐sector (or id) but
it will vary across country‐sectors. If ‘mean of small’ turns out to have a positive
significant effect, it implies that country‐sectors with a larger proportion of small
firms, score higher on the dependent variable. In contrast, if ‘deviation of small’ turns
out to have a positive significant effect, this implies that –on average– small firms
within a country‐sector score higher on the dependent variable (for a more detailed
explanation of this procedure, see Snijders & Bosker, (1999)).
The regression results show that the Mokken ICT variable is significant in all
the cases (with identical signs to Koellinger, 2008), while its magnitude has slightly
increased. In almost all the cases, the deviation from the mean is significant which
indicates that the effects of firm size are due to differences within the country‐sector
level (and not to differences between country‐sectors). For turnover increase,
‘deviation of small’ and ‘deviation of large’ are significant (coefficients: 0.192, p=0.00
and 0.297, p=0.03), Turnover unchanged ‘deviation of medium’ being significant
(coefficient: 0.173, P=0.04), and for Turnover decrease all of the ‘deviation of small’,
‘deviation of medium’ and deviation of large’ are significant (coefficients: ‐0.326,
p=0.00, ‐0.499, p<0.00, and ‐0.381, p=‐0.03). For profitability, none of the size related
dummy is significant. For Employment increase and unchanged, ‘deviation of small’,
‘deviation of medium’ and ‘deviation of large’ are all significant (for Employment
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increase, coefficients: 0.843, p<0.00, 0.746, p<0.00, and 0.724, p<0.00 and
Employment unchanged, coefficients: ‐0.658, p<0.00, ‐0.726, p<0.00, ‐1.057, p<0.00).
For Employment decrease, ‘deviation of medium’ and ‘deviation of large’
(coefficients:

0.378,

p=0.00
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and

0.840,

p<0.00).
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Market Share 1‐5%

Market Share <1%

d_large

m_large

d_medium

m_medium

d_small

m_small

Non Internet Related

Internal process
innovation
Internet Related

Non Internet Related

Product or service
innovations
Internet Related

0.364***
(4.19)
0.298***
(3.92)
‐1.074
(‐1.21)
0.192**
(2.61)
‐0.313
(‐0.51)
0.164
(1.91)
1.036
(0.77)
0.297*
(2.18)
‐0.191
(‐1.87)
‐0.135
(‐1.36)

0.348***
(4.00)
0.398***
(5.67)

Turnover
Increase

‐0.340***
(‐3.73)
‐0.213**
(‐2.74)
0.787
(1.18)
0.0461
(0.62)
‐0.0191
(‐0.04)
0.173*
(2.00)
0.193
(0.19)
‐0.0720
(‐0.50)
‐0.203*
(‐2.00)
‐0.137
(‐1.40)

‐0.186*
(‐2.07)
‐0.267***
(‐3.78)

Turnover
Unchanged

‐0.0953
(‐0.83)
‐0.147
(‐1.51)
0.334
(0.32)
‐0.326***
(‐3.69)
0.483
(0.65)
‐0.499***
(‐4.63)
‐1.922
(‐1.16)
‐0.381*
(‐2.10)
0.495***
(4.30)
0.382***
(3.33)

‐0.249*
(‐2.21)
‐0.183*
(‐2.12)

Turnover
Decrease

Profit

‐0.0630
(‐0.54)
‐0.0240
(‐0.24)
‐0.464
(‐0.38)
0.00790
(0.08)
‐1.109
(‐1.30)
‐0.154
(‐1.42)
‐0.822
(‐0.46)
‐0.191
(‐1.10)
‐0.501***
(‐4.18)
‐0.0493
(‐0.40)

0.304**
(2.60)
0.216*
(2.37)

Table 6: Model with Mokken‐scale Added and Market Effects Untangled

0.548***
(6.04)
0.473***
(5.78)
‐0.222
(‐0.26)
0.843***
(9.85)
‐0.686
(‐1.17)
0.746***
(7.69)
1.700
(1.35)
0.724***
(5.17)
‐0.0789
(‐0.65)
‐0.0740
(‐0.66)

0.348***
(3.76)
0.347***
(4.41)

Employment
Increase

‐0.346***
(‐4.28)
‐0.381***
(‐5.35)
‐0.209
(‐0.34)
‐0.658***
(‐9.37)
‐0.167
(‐0.39)
‐0.726***
(‐9.06)
0.0845
(0.09)
‐1.057***
(‐8.49)
‐0.271**
(‐2.82)
‐0.209*
(‐2.27)

‐0.154
(‐1.90)
‐0.160*
(‐2.40)

Employment
Unchanged

‐0.133
(‐1.24)
0.0574
(0.63)
0.594
(0.62)
0.142
(1.53)
1.238
(1.77)
0.378***
(3.69)
‐2.068
(‐1.40)
0.840***
(5.68)
0.466***
(3.92)
0.390***
(3.39)

‐0.172
(‐1.61)
‐0.150
(‐1.75)

Employment
Decrease
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‐2.692***
(‐7.91)
5376

(1.04)
‐0.602***
(‐3.30)
‐0.360
(‐1.20)

(0.32)
0.886***
(4.85)
‐0.582
(‐1.49)
‐1.643***
(‐7.66)
5376

‐0.0498
(‐0.43)
‐0.116
(‐1.08)
‐0.138
(‐1.74)
0.00108

0.214
(1.88)
0.135
(1.29)
0.141
(1.80)
0.000342

t statistics in parenthesis; * p<0.01, ** p<0.05, *** p<0.001

N

lnsig2u
_cons

Constant

Mokken ICT

% employees with
university degree

Market Share >25%

Market Share 11‐25%

Market Share 6‐10%

‐1.275***
(‐5.50)
5376

(‐1.58)
‐0.502*
(‐2.16)
‐1.293**
(‐2.77)

‐0.277
(‐1.80)
‐0.0458
(‐0.33)
‐0.0393
(‐0.39)
‐0.00210

‐0.966***
(‐5.67)
5518

(‐0.86)
0.700**
(2.91)
1.863***
(3.41)

‐0.00269
(‐0.02)
0.339*
(2.29)
0.181
(1.76)
‐0.00119

‐1.971***
(‐7.59)
6072

(1.65)
0.586**
(3.03)
‐1.908***
(‐5.05)

0.142
(1.15)
0.305**
(2.78)
0.0537
(0.64)
0.00192

Table 6 (continued): Model with Mokken‐scale Added and Market Effects Untangled

‐2.963***
(‐8.26)
6072

(‐0.15)
‐0.855***
(‐5.11)
1.158***
(4.20)

‐0.188
(‐1.73)
‐0.338***
(‐3.42)
‐0.103
(‐1.41)
‐0.000142

‐1.566***
(‐6.46)
6072

(‐1.56)
0.630**
(2.92)
‐2.201***
(‐5.05)

0.125
(0.89)
0.166
(1.30)
0.104
(1.07)
‐0.00209

4.3.3.

Extensions: generalized ordered logit, further disentangling ICT, and
modeling the variance in turnover and employment

Finally, we try to extend the modeling some more, in three ways, based on what the
data allows us to do. First, a closer inspection of the Mokken ICT items suggests that
we can define three groups of ICT: email availability and www‐access (ICT base),
network connectivity through intranet, LAN, WAN and WLAN (ICT network), and
dedicated solutions such as e‐learning, ERP and CRM (ICT e‐biz). These three groups
represent the first two items on the Mokken‐ICT scale, the next four, and the top
three. We create dummy‐variables that denote whether a firm owns ICT base (both
email and www), whether a firm owns ICT network (equal to 1 if the firm owns at
least 2 out of 4), and whether a firm owns ICT e‐biz (equal to 1 if at least one of the
three is available). Further, the target variables turnover and employment are
measured as having three categories, so could in principle be analyzed using ordered
logit models. Finally, it is possible to consider effects of predictor variables as we had
in the previous analyses on the variance of the target variable. We have already
encountered this issue several times, in particular when Koellinger (2008) considered
the hypotheses related to the middle categories (turnover or employment unchanged
versus either increased or decreased).
Let us first consider the target variables turnover (increase, unchanged,
decrease) and employment (increase, unchanged, decrease): applying ordinal
regression models assumes that the error variances are the same for all three
categories (the ‘parallel lines’ assumption; Long (1997)). If not fulfilled, not only the
standard errors of the estimates are wrong but the estimates are also biased
(Williams, 2010, p. 1). In our case, a likelihood ratio test shows that this assumption is
clearly violated (p<0.001 for both turnover and employment – analysis not reported
here). Williams (2010) explains how heterogeneous choice models can approach the
problem, namely by first determining for which predictor variables the parallel lines
assumption is violated, and then using these variables to predict the variance in the
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target variable (effectively ‘modeling the heteroskedasticity away’). The procedure is
accomplished by first using a generalized ordered logit model to find the violations of
the parallel lines assumption using Williams’ (2006) ‘gologit2’ command in Stata and
then adding the appropriate variables as predictors of the variance of the target
variable using Williams (2010) ‘oglm’ command. Closer inspection of the data shows
that for the analysis with turnover as the dependent variable, the assumption is
violated for non‐Internet product innovations, Internet related process innovations,
smaller market shares, medium firm sizes, and basic ICT. For employment as the
dependent variable, the assumption is violated for all process innovations, small and
medium sized firms, basic ICT, and Internet ICT. We then proceed to use the variables
for which the parallel lines assumption fails to model the variation in the target
variable. Table 7 shows the results of these analyses. A comparison of the
heterogeneous models in Table 7 with a more elaborate generalized ordered logit
model in which variables have a separate effect for different categories, suggests that
both are roughly equally good (AIC and BIC are quite close to each other for about the
same degrees of freedom). We therefore prefer to show the heterogeneous model as
interpretation is a bit easier.
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Table 7: Heterogeneous ordered logit model on turnover (decrease, unchanged,
increase) and employment (decrease, unchanged, increase). Positive coefficients
represent an increase on the ordered target variable.
Turnover
Product or service innovations last year
Internet related
Non Internet related
Internal process innovations last year
Internet related
Non Internet related
Small (10‐49 employees)
Medium (50‐249 employees)
Large (>250 employees)
Market share <1%
Market share 1‐5%
Market share 6‐10%
Market share 11‐25%
Market share >25%
% employees with university degree
ICT‐base
ICT‐network
ICT‐e‐biz
Product or service innovations last year
Non Internet related

Employment

0.342***
(3.59)
0.400***
(5.07)

0.386***
(3.31)
0.288***
(3.29)

0.494***
(4.41)
0.347***
(4.13)
0.280***
(3.62)
0.263**
(2.94)
0.492**
(3.11)
‐0.492***
(‐4.63)
‐0.206
(‐1.91)
0.203
(1.73)
0.0647
(0.59)
0.150
(1.88)
0.00277**
(2.69)
0.323***
(4.31)
0.257**
(3.26)
0.0762
(0.84)

0.585***
(4.69)
0.429***
(4.03)
0.521***
(5.62)
0.173
(1.59)
0.0110
(0.05)
‐0.516***
(‐4.39)
‐0.416***
(‐3.43)
‐0.211
(‐1.42)
0.0813
(0.58)
‐0.0518
(‐0.53)
0.00430***
(3.63)
0.149
(1.71)
0.201*
(2.08)
‐0.0477
(‐0.41)

0.150***
(3.36)
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Table 7 (continued): Heterogeneous ordered logit model on turnover (decrease,
unchanged, increase) and employment (decrease, unchanged, increase). Positive
coefficients represent an increase on the ordered target variable.
Internal process innovations last year
Internet related

0.155**
(2.66)

Non Internet related
Small (10‐49 employees)
Medium (50‐249 employees)

‐0.0684
(‐1.41)

Large (>250 employees)
Market share >1%
Market share 1‐5%
ICT‐base

0.120*
(2.04)
0.141*
(2.38)
0.139**
(3.03)

ICT‐network
N

5697

0.162***
(4.16)
0.177***
(4.98)
0.299***
(8.84)
0.343***
(8.90)
0.620***
(9.81)

0.116***
(3.43)
0.0863**
(2.60)
6447

t statistics in parentheses, ** p<0.05, * p<0.01, *** p<0.001

Table 7 shows that all innovation types maintain their significance. There is a positive
effect of all innovations on turnover and employment, micro‐sized firms are less likely
to experience an increases turnover, and those with a smaller market share are less
likely to experience an increase in turnover or employment. Furthermore, we see that
the differences in ICT are not caused by the e‐biz ICTs. In itself, this is perhaps not that
surprising as many firms had not yet adopted e‐biz solutions at this point in time. The
largest effects of basic and network ICT we find on turnover. Only network ICT has a
small effect on employment. Perhaps more interestingly, we also see that several
variables have an effect on the variance of turnover and employment. Although
process innovations increase employment on average, they also increase the variance
in employment. Loosely speaking, one could argue that with increased process
innovations, the risk also increases: employment is (most) likely to increase but there
is a higher risk of decrease as well. A similar argument applies for turnover when it
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comes to Internet related process innovations and non‐Internet related product
innovations: both the probability of a higher turnover and the variance in turnover
increase.
With respect to the effects of basic and Internet ICT on the variance in turnover
and employment, similar arguments seem to hold. Both having basic ICT and having
network ICT facilities have a positive effect on the probability to do better on turnover
but also a positive effect on the variance in turnover, increasing business risk.
Network ICT has a positive effect on the probability of an increase in employment, but
also on the variance of employment. In short, what these analyses show us is that [1]
the effects of ICT run through the availability of basic ICT and network ICT (not e‐biz
ICT) and [2] both basic ICT and network ICT tend to lead to an increase in the variance
of turnover and employment, increasing the business risk. Hence, these final empirical
findings amend the general ’all ICT is good for everything’ to a considerable extent. In
our data, the e‐biz ICT does not drive the differences between firms, but instead the
basic and network ICT. However, although an increased availability of basic and
network ICT is generally positive, it is also riskier.

5. Conclusion, Limitations and Future Research Direction
Previous research has (often but not always) found evidence of strong linkages
between investments in ICTs and a broad set of firm performance variables. In this
study, we make an attempt to move from the current research stream taking ICT as a
general purpose technology towards investigating the ICT adoption as a step‐by‐step
process: more advanced forms of ICT are adopted only after easier ones have already
been adopted, and the benefits of different forms of ICT need not be identical. A re‐
estimation of the data as used in Koellinger (2008) provides new insights into how
deconstructing ICTs into functional units can enhance our understanding of the
impact of ICTs on firm performance. The data used in Koellinger (2008) and in this
study consider 7,302 European based firms and measure firm performance in terms of
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turnover, profitability and employment. We draw several conclusions. First, the data
support the notion that the adoption of ICT in firms can be seen as a successive
process in which a baseline ICT is adopted before more advanced forms of ICT are
adopted. While most of the firms have implemented the simpler ICTs (such as email),
moving further up the ICT ladder, the adoption rate gets lower. One can think of this
ICT adoption ladder as representing the level of maturity of ICT, although obviously
the mere adoption of a certain form of ICT says nothing in principle about whether it
is competently used. Second, our analyses show that, with ICT implemented in this
way, we find stronger effects of ICT on firm performance than in the original analysis
of Koellinger (2008). Apparently, not all forms of ICT always help, and Koellinger’s
emphasis on e‐business applications misses out on some of the positive effects of ICT
around the time of the data collection. Further analyses show that rather the easier
forms of ICT (base and network) seem to drive the effect of ICT on firm performance.
In addition, we find evidence of the fact that, all else equal, these more basic forms of
ICT also have a positive effect on the variance in firm performance. That is: (basic and
network) ICT increases firm performance on average, but it also increases risk and
therewith the probability of a decrease in firm performance. We also considered the
effects of one specific market characteristic: the composition of small, medium, and
large firms in certain sectors within countries. We find that within market differences
may affect firm performance. For instance, being a small firm in a given sector in a
given country, on average, decreases the probability of a decrease in turnover. A final
new result that follows from our re‐analysis of the data is that process innovations
increase employment on average, but also induce more variations in employment
which implies that process innovation also increases the probability of an
employment decrease.
There are several limitations to our study. One is that using a cross‐sectional
dataset implies we cannot observe the causality of ICTs on firm performance and also
cannot include past performance indicators based on lagged variables. In general,
using firm performance variables elicited from respondents directly, especially the
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inclusion of profitability is often criticized because answers might be affected by social
desirability and the aspiration level of the respondent. How social desirability and
aspiration levels might affect the results is not clear (e.g., if all respondents are
answering more positive than matters really are, this would probably not distort our
results). It is important to note that although we present our results on the effects of
ICT as being nicely linear, we are well aware that ICT adoption is not a linear and
sequential process and involves complex elements such as firms’ inherent structure,
financial constraints, external environment, industrial organization etc. We
nevertheless find that this classification in terms of different ICTs, including their
separate functionalities and performance implications helps in understanding and
visualizing that ICT is not one big container that either helps or not. We do agree
however, that at the intra‐firm level, such simplified approaches do not capture the
complete dynamics of the process of ICT adoption.
Since the dataset is relatively old (from 2003, which indeed is prehistoric in
ICT years) it would be wise to replicate the analyses on a more recent dataset. A more
recent dataset would likely show substantially more variations in the rate of adoption
of more advanced (i.e., e‐biz) ICTs hence future research can certainly capture impacts
of ICTs on firm performance in a more fine‐grained way, especially given that our
findings now show that the larger part of the ICT effects run through the more basic
ICTs. In and of itself, however, we do not see that the use of an older dataset is
limiting just because additional forms of ICT have evolved. The question is whether
the underlying mechanisms that govern the benefits of ICT have changed, and it is not
obvious at all why these would have changed over recent years (even though ICT itself
has). An important consideration for future research would also be to consider how
different types of ICT affect various organizational practices, so that the causal
mechanism behind the effects of ICT can be studied more in depth.
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CHAPTER 5
The specific roles of ICT types in adoption: A case study in
the Dutch design sector
Abstract
This paper analyzes processes and effects of ICT enabled innovation in the Dutch
design sector. Although the adoption of Information and Communication
Technologies (ICT) is considered as vital in the design sector, little is known about
whether and how ICTs affect firm performance of small and medium‐sized firms
(SMEs) in the industry. After introducing a conceptual distinction between ICT
supporting information processing versus ICT supporting communication, the paper
first examines the determinants of ICT adoption. Next, we analyze the effects of ICT
adoption on product and process innovation as well as on firm performance, focusing
on the mediating role of the innovation processes. The analyses rest on survey data of
a sample of 189 Dutch firms in the Web, Graphic, and Industrial Design Sector in the
Netherlands. The results indicate that the information processing role of ICT supports
the exploitation of organizational learning, while the communication role facilitates
exploration in organizational learning. Exploitation enables process innovation while
exploration enables product innovation. Lastly, information processing technologies
and product innovation are shown to be important determinants of superior firm
performance.
Keywords: exploration, exploitation, knowledge brokers, information processing ICTs,
communication ICTs, product innovation, process innovation.
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1. Introduction
Within the Digital Agenda for Europe (DAE), the European Commission (EC) has taken
a new step in developing measures to foster innovations based on the adoption of
Information and Communication Technologies (ICT) within small‐ and medium sized
enterprises (SMEs) in Europe. These measures ‐ ranging from financial stimuli and
improved framework conditions (such as standardization) for innovation as well as
innovative public procurement ‐ have been aimed at ‘scaling up the ICT innovation
ecosystem in Europe’ (CEU, 2010, 2014 a). The EC took this step as the Progress
Report on Digital Agenda Targets show that SMEs in Europe are still lagging behind
DAE targets in the adoption of information supporting technologies such as online
selling and buying (CEU, 2014a). With its Horizon 2020 program, the EC allocated a
total budget of €2.8 billion over the period 2014 to 2020 targeting for the first time
explicitly SMEs in ‘ICT‐related creative industries’ in order to stimulate economic
growth and innovation in Europe (CEU, 2014b). In 2013, the EC characterized in its
Creative Europe Program (CEU, 2013a) not only the importance of creative industries,
but also acknowledged the design sector as vital for the growth of these industries in
Europe (European Parliament and Council of Europe, 2013). To achieve further
progress with respect to DAE targets, the EC requires better insights into processes of
innovation and ICT adoption of SMEs as well as appropriate policy measures to
stimulate these processes. Our study contributes to gaining such insights.
Rapid technological change in conjunction with new emerging strategic
opportunities (Sadowski, Maitland, & Dongen, 2002) and a growing need for speed
(Mack, 2014) increasingly requires from SMEs to integrate ICT adoption and
innovation processes. The literature shows that the extent to which these firms are
able to deal with different forms of ICTs depends on a large variety of factors ranging
from size and sector differences (Fichman, 2000; C. Forman & Goldfarb, 2005) to very
specific processes of learning and adaptation (Fichman, 2004). With respect to
organizational learning, we distinguish between two different processes, namely
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exploration and exploitation (March, 1991). Concerning the use of ICT within firms,
similar to Forman et al. (C. Forman, et al., 2003, 2005), we make a distinction between
ICT aimed at information processing versus communication. In the literature on
organizational learning (OL), ICT is considered as vital for the survival of SMEs. ICTs
provide unique opportunities for SMEs by creating ICT‐enabled learning mechanisms
(Nicolas & Acosta, 2010). As demonstrated by Forman et al., (2003) and Forman
(2005), two central roles of ICT use in firms can be identified related to information
processing versus communication. The information processing role of ICT refers to the
provision and distribution of corporate or commercial information to stakeholders
(Huizingh, 2000). With respect to the communication role, ICT enables a two‐way
information exchange, facilitating collaboration across different stakeholder(s)
(Bardhan, 2007). This distinction allows us to better characterize processes of
innovation and ICT adoption in SMEs. In this study, we look at the ICT adoption and
its implications for SMEs in the Dutch design sector. We aim at studying two
phenomena in the design sector. First, we examine the determinants of adoption of
ICT and focus on the firm owner’s perception of how ICT enables OL. Second, we
analyze the effects of adopted technology on firm innovation and performance. The
rationale behind selecting very small firms belonging to the design sector is that
design firms are part of the creative industries which are involved in knowledge
intensive firms: they are often engaged in the generation and exploitation of
knowledge. The design sector is of strategic relevance as ‘[d]esign is a factor that will
often give firms its competitive edge’ (Kotler, 2003, p. 321; see also Verganti, 2008;
Veryzer, 2005). Examining design firms thus has we enhances our understanding of
the role of ICT for innovation in the smallest SMEs which have a strategic relevance.
Such an understanding needs to be gained for the realization of the Digital Agenda for
Europe.
We put two novel ideas to the test. First, we argue that in addition to the
traditional arguments about adoption of technology, more attention should be paid to
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subjective criteria such as a firm owners’ perception of the importance of ICT for
specific forms of knowledge management. As we will explain in more detail in the next
section, we argue that ICT can fulfil (at least) two different functions with respect to
OL: ‘exploration’ and exploitation’ and based on these functions, firms are expected
to adopt distinct types of ICT. Second, we discuss the relationship between ICT
adoption and firm performance. The idea that mere investments in ICT matter for
superior firm performance has already been criticized in the recent literature
(Fernández & Sánchez, 2009; Aral, Brynjolfsson & Wu, 2012). That is, taking ICT as a
‘general purpose technology’ may be misleading and it is necessary to disentangle the
different forms of ICT (Ciarli & Rabellotti, 2007). In this context, we argue that a
distinction between different capabilities of ICT provides us with important insights
into how ICT can serve as an essential input for both product and process innovation.
In general, our main research question is how organizational learning influences
processes of technology adoption and innovation in creative firms.
The article is structured as follows. In section 2, we summarize relevant
theoretical and empirical findings of the literature on organizational learning, ICT and
innovation. We also describe important characteristics of the Dutch design sector. In
section 3, we explain our arguments that lead to a number of hypotheses about
determinants of the adoption of ICT and about the effects of ICT adoption on
innovation processes and firm performance. In section 4, we describe our research
design and descriptive findings. In section 5, the results of the hypotheses tests are
presented and discussed. In the final section, we summarize the results and discuss
their implications for further research on the relationship between ICT and firm
performance. Moreover, we derive a number of practical implications for policy
makers and for firm.
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2. Theoretical background
2.1.

The design sector in The Netherlands

Within the growing literature on the business ICT adoption (Fichman, 2000; C. Forman
& Goldfarb, 2005), research has recently focused on the strategic opportunities
created by the adoption of ICT (Forman & Goldfarb, 2005; Sadowski, Maitland, & van
Dongen, 2002) and in particular on the different forms of ICT use within firms (C.
Forman, 2005). In addition, government level financial and other support mechanisms
have been considered as vital for business ICT adoption (Colombo & Grilli, 2007).
As part of creative industries, firms in the design sector have been linked to
buyers in their attempts to provide novel solutions to specific technologies problems
in manufacturing and/or service domains. These firms represent an important
interface with respect to knowledge flows, creativity and artistic expressions (Kirkels
& Duysters, 2010; Vanchan & MacPherson, 2008). Firms acting across multiple firm
domains and engaged in knowledge transfer across them are labelled as ‘knowledge
brokers’ (KB) by Hargadon (1998). Design firms contribute to product and process
innovation by gathering, exploring and synthesizing knowledge from different
domains (Bertola & Teixeira, 2003). ICT is important in the design sector. According to
the Central Bureau of Statistics Netherlands (CBS), design firms belong to the category
‘Management and Consultancy’ and firms in this category have 92% employees with a
computer and 87% employees with internet connection (CBS, 2008). ICT has the
potential to vitally change the design process (Steinmueller, 2000) and to enable a
codification of the knowledge‐set at the core of design activities (David & Foray,
1995). ICT also facilitates virtual exchanges across time and space particularly in
design firms (Salter & Gann, 2003). Hence ICT may support the innovation process in
design firms better than in traditional firms. Further, Mitchell, Inouye, & Blumenthal
(2003) argue that recently, ICT is forming a strong alliance with creative practices in
arts and design which has been resulting in significant economic value.
In the Netherlands, the design sector ‐ as part of creative industries ‐ is
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considered as a top sector with high priority with respect to the national innovation
policy (Affairs, 2014) and related to the European innovation agenda (CEU, 2013a).
The sector currently includes 11.357 design firms with 15.458 professionals working
as a designer in the year 2012 (cross‐innovations.eu). The added value of design firms
is substantial. For instance, in industrial design the added value in the year 2012 was
10.8 million Euros, in graphic design it was 1.3 million Euros. The design sector is
undergoing a substantial growth. From 2008‐2012, the average annual growth rate of
design firms in the Netherlands was 15.7% while the number of employees grew, on
average, by 11% each year (Weda, Kocsis, van der Noll, & van der Werff, 2014). Less is
known about the mechanisms driving innovation and ICT adoption in the sector.
There are 47,000 designers in the Netherlands working in various design categories,
out of which around 3100 work as industrial designers while 18,000 belong to the
category of interior decorator and advertising which is the largest category including
39% of all designers. The graphic designer category was newly added and hence
information on this category is unavailable (CBS, 2005).
Design firms typically work as intermediaries between other firms and users,
facilitating the transfer of knowledge. They operate on multiple markets and in this
sense, can be seen as ‘knowledge brokers’ (KB) (Hargadon, 1998). KBs are traditionally
innovation and design consulting firms (Sutton 2002, Hargadon, 2003). The inability of
firms reaching the right customer at the right time in the right context (Verona,
Prandelli, & Sawheny, 2006) creates knowledge gaps and knowledge brokers profit
from bridging the market by being closer to the customer and being able to spot the
design solutions for them. Hence KB’s support the creation, sharing, and use of
knowledge (Sverrisson, 2001).
Any firm activity that involves the use of imagination or original ideas can be
subsumed under the ‘creative industries’ paradigm. Creative industries are defined as
‘industries which have in their origin individual creativity, skill and talent and which
have a potential for wealth and job creation through the generation and exploitation
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of intellectual property’ (DCMS, 2001, p. 5). However, there are areas where creative
activity affects a variety of sectors, such as in the design area (Lazzeretti, Boix, &
Capone, 2008). Design, which also has different connotations in different fields, is
generally defined as a plan or convention for the construction of an object for a
system. Design also deals with creative problem solving. For instance, Web, Graphic,
and Industrial Design, all deal with solving problems using design to communicate the
solution and span across multiple markets. Our study examines the above‐mentioned
three types of design firms. What these areas have in common is that problem solving
involves synthesizing information and knowledge across various stakeholders which
results in the diffusion of knowledge across sectors and stimulates the creation of
new knowledge and organizational innovation for firms (Kogut & Zander, 1992;
Pfeffer & Sutton, 1999). Hence, design firms are an interesting case to understand the
process of innovation.
Despite the importance of creative sectors, the process through which they
acquire knowledge and distribute information still needs to be studied and we discuss
that in the following section by taking the case of the ‘creative sector’ in general and
‘design’ in particular. In addition, ICTs provide unique opportunities for design and
engineering by supporting the processes in design, managing the regular internal
business processes and organizational decision making (Gann, 2000; Salter & Gann,
2003; Steinmueller, 2000).

2.2.

Types of ICT, organizational learning, and innovation in the
design sector

Although, it has been argued that firms design and develop ICTs that augment
strategic learning even at a distance (Thomas, Sussman, & Henderson, 2001), it is not
clear how learning is conducted through ICT (Small & Irvine, 2006). In this and the
next section, we provide a potential answer to this question. We argue that OL
mechanisms in firms result in the adoption of different kinds of ICT and that these
different kinds of ICT produce distinct innovation outcomes.
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There has been a general consensus about the contribution of knowledge to
innovation. Hargadon (1998) states that each development project generates valuable
spillovers of information that are exploited by KBs to produce innovative outcomes.
With each project, KBs accumulate knowledge to be subsequently applied on later
projects. Also, KBs have access to a wide range of otherwise disconnected sectors. A
lack of communication between divisions of large firms often creates a gap in a firm’s
knowledge sharing and KBs can bridge this gap. In the design context, the knowledge
obtained from users, network, and the firm itself can also promote business
innovation (Bertola & Teixeira, 2003).
A similar distinction in OL has been made by March (1991) who studied
exploration and exploitation as core activities of OL. Exploration refers to the hunt for
out‐of‐box solution, acquisition of new technologies and products with unknown
demand, replacing existing content within a firm’s memory with new knowledge
(Abernathy, 1978; Kane & Alavi, 2007; J. G. March, 1991). Exploitation is making use of
or modifying on‐the‐hand knowledge, technologies, and products that the firms have
more certain knowledge about (Greve, 2007). ICT is a tool that potentially helps
facilitating both exploration and exploitation (Pentland, 1995). For instance, in a study
of the Korean ICT sector, incremental innovation and productivity were both found to
be related to external knowledge search (Hwang & Lee, 2010).
Recently, the effects of ICT on exploration and exploitation in OL have been
investigated by (Kane & Alavi, 2007). These ICT‐enabled learning mechanisms
facilitate capabilities that have distinct effects on exploration and exploitation. The
study emphasizes the distinct ways in which ICT enables the learning processes. For
instance, some forms of ICT can support the sharing of structured knowledge; others
support the sharing of unstructured (tacit) knowledge. In this sense, the issue is not so
much the investment in ICT per se, but in which kinds of ICT a firm invests and which
roles the acquired ICT can fulfill. To understand the importance of ICT‐enabled
mechanisms or capabilities, conceptual ideas come from a number of studies (Aral &
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Weill, 2007; Kohli & Grover, 2008; Nevo & Wade, 2010; Vallabh Sambamurthy,
Bharadwaj, & Grover, 2003). These studies lead to the identification of two central
roles of ICT, usually called the ‘information role’ and the ‘communication role’. The
information role of ICT refers to the provision and distribution of corporate or
commercial information to stakeholders (Huizingh, 2000). In this role, ICT can be seen
as a channel for information dissemination and data access across functional
boundaries and firm levels (Bafoutsou & Mentzas, 2002), providing one way electronic
information to stakeholder(s) (Nicolas & Acosta, 2010). The literature that explains
the information role and its implications is broad (Davenport ТН, 1990; Laudon &
Laudon, 2011; V Sambamurthy & Zmud, 2000; Weill, 1992). In its communication role,
ICT provides a two‐way information exchange, facilitating collaboration across
stakeholder(s). This role of ICT has also been thoroughly discussed (Andersen, 2001;
Bardhan, Krishnan, & Lin, 2007; Lai & Mahapatra, 1998; Sproull & Kiesler, 1992; van
den Hooff & van de Wijngaert, 2005). In sum, OL is regarded as a key to management
innovation (Stata & Almond, 1989) and different kinds of ICT cater to different kinds
of OL, which in turn have an impact on innovation and firm performance.

3. Hypotheses
3.1.

Adoption of ICT

In this subsection, we hypothesize why firms adopt distinct types of ICTs. Firms
allocate dedicated resources to OL and knowledge acquisition through, for instance,
training, hiring new employees, R&D departments etc. ICT can be considered as a tool
that facilitates conducting both explorative and exploitative research (Alavi & Leidner,
2001). The opposite direction, indicating that OL is an important antecedent to ICT
capability building, has also been studied (Bhatt & Grover, 2005). The KBs (design
firms) acquire and utilize knowledge from within and outside of firm boundaries to
conduct OL. This process of OL requires ICT‐enabled mechanisms to undertake more
complex OL processes (e.g. product and process innovation).
We take the case of two basic types of technologies i.e., Information
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Processing Technologies (IPTs) and Communication Technologies (CTs). IPTs process
information so that it is accessible and ready to use in the simplest possible form
while CTs are meant to share novel ideas and designs among the stakeholders.
Examples of IPTs are fax, scanner, electronic calendars and document management
systems; while for CTs examples include social media, VOIP and teleconferencing.
Exploitation refers to learning gained via local search, experimentation
refinement and reuse of existing routines (Baum, Li, & Usher, 2000). Therefore, ICTs
that help the firm to process information according to pre‐defined routines, models,
and roles, and present it in a form tailored to the needs of users, are most appropriate
to conduct exploitation in a firm. These roles are characteristically accomplished by
IPT. Exploration, on the other hand, refers to learning gained through processes of
concentrated variation, planned experimentation and play (Baum, et al., 2000). CTs
allow the possibility to integrate valuable information from outside of the firm
boundaries and can hence facilitate the process of exploration in a firm. We therefore
hypothesize:
Hypothesis 1a: Firms considering ICT as an important factor in exploiting and
retrieving in‐house information are more likely to adopt information processing
technologies than the firms that do not.
Hypothesis 1b: Firms considering ICT as an important factor in conducting
explorative activities are more likely to adopt communication technologies than the
firms that do not.

3.2.

The relationship between types of adopted technologies and
organizational innovation

We now consider how ICT can enable product and process innovation at the firm
level. ICT can enable process innovation for the adopter if a new operational systems
changes existing routines. ICT can facilitate product innovation if it is successfully able
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to deliver products or services that are perceived as new to the firm (Koellinger,
2008).
According to the European Commission, ICT enables almost half of the
process innovations (Eurostat, 2003). Molle & Djarova (2009) find ICT to be mainly
contributing to process innovation. They find a positive relationship between use of
various ICTs, improved speed, reliability of business processes and cost reduction. The
objective of process innovation can be cycle time reduction, coordination and
management of functional interdependencies, and improving financial performance
by reducing costs (Davenport, 1993b). IPT helps acquiring, processing, storing, and
transmitting information and hence makes the information flow easier from
department to department, supporting process innovation throughout the firm
(Davenport, 1993a). Digital information enables modules that help facilitating
significantly improved production or supply methods (Bresnahan, et al., 2002).
Therefore, while IPTs sometimes are also assumed to enable product innovation to
some extent, their role is more eminent in process innovation (Davenport, 1993b).
Hypothesis 2a: Firms that have adopted more IPTs perform better in undertaking
process innovation.
Communication in general has been found to have a significant impact on
product innovation in a direct manner (Damanpour & Aravind, 2006; Harder, 2011;
Wolfe, 1994). CTs provide opportunities for information flows in‐ and outside of the
firm boundaries. The use of electronic communication, as compared to face‐to‐face
communication, has shown to increase overall communication in the firms (Hiltz,
Johnson, & Turoff, 1986). CTs also facilitate problem solving (Edmondson &
Moingeon, 1998) and allow firms to explore new modes of structuring their workforce
(Dewett & Jones, 2001). Nowadays, social media have an indispensable presence in
firms, becoming a valuable asset for marketers and product developers for harnessing
the upcoming business challenges through valuable feedback from customers, gaining
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insightful competencies from collaborators and, most importantly, engaging
customers in building firms’ strategies (Kaplan & Haenlein, 2011). Video conferencing
is a way to share voice and image data among the partners. Designers can share CAD
files over the internet and through video conferencing; global rather than local
specialized talent can be pooled. Sophisticated functionalities of VOIP and obtaining
more than one provider to benefit from various offers and price differentials has also
been shown to benefit firms (Cecere & Corrocher, 2011). In other words, such CTs
supplement information exchange and group memory. Ciarli & Rabellotti (2007) have
found empirically that CTs are correlated with product innovation. We therefore
hypothesize the following.
Hypothesis 2b: Firms that have adopted more CTs perform better in undertaking
product innovation.

3.3.

The relationship between types of adopted ICTs, organizational
innovation and firm performance

First, based on the assumption that ICT tools are adopted to help in conducting
exploration and exploitation activities in a firm, we examine whether these ICT‐
enabled learning mechanisms affect firm performance. Second, using the arguments
from Cainelli, Evangelista, & Savona (2006), and Hempell, Van Leeuwen, & Van Der
Wiel (2004), we see how ICT is affecting firm performance via stimulating specific
types of innovation.
Looking at the impact of ICT‐enabled learning mechanisms on firm
performance, we see the literature concludes that effective knowledge management
leads to increased competitive advantage (Conner & Prahalad, 1996), innovation
(Antonelli, 1999; Carneiro, 2000), superior use of information (Carneiro, 2000), and
improved financial performance (Teece, 1998). The informational role of ICT is
associated with superior financial performance (Aral & Weill, 2007). However, these
advantages, though not always explicitly mentioned as such, are a consequence of the
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benefits due to improved information processing. We therefore hypothesize the
following.
Hypothesis 3: The adoption of IPTs is associated with a) an increase in the number
of clients, b) a higher net monthly income, and c) higher profitability of the adopting
firms.
ICT facilitates communication among stakeholders across functional and
geographical peripheries which enhances coordination of activities that, in turn,
positively affect the firm performance (Andersen & Foss, 2005). The link of CTs with
firm performance is therefore often not direct, but indirect. In our design sector case,
as we argued above, CTs help creating novel designs, leading to retaining clients and
acquiring new ones. CTs’ direct role with respect to income and profitability is less
obvious and therefore we see no reasons why adoption of CT would affect them
directly. This leads to the following hypothesis.
Hypothesis 4: a) The adoption of CTs is associated with an increase in the number of
clients. Adoption of CTs has no direct effect on b) net monthly income and c) higher
profitability.
It is a well‐established fact in economic theory that innovation matters for
output growth (Audretsch, 1995), competitive advantage, and therefore superior
profitability and revenue growth (Roberts & Amit, 2003; Thornhill, 2006). Economists
have been testing this hypothesis for all major types of innovations. At least in the
short run, product innovation can result in earning monopolistic profits (Schumpeter,
1950), above average profits (Artz, et al., 2010; Prajogo, 2006; Roberts, 1999) and
high market valuation in initial public offering (Deeds & Decarolis, 1999). As CTs allow
the creation of novel solutions and product innovations, these product innovations in
turn are likely to attract new clients.
Hypothesis 5: The adoption of CTs raises the number of clients indirectly via product
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innovation.
Process innovation on the other hand has not been much acknowledged to
contribute to economic performance in general (Staw & Epstein, 2000) although some
recent work attributes economic performance to complement product innovation
(Beers & Zand, 2013). Process innovations allow the internal management process to
run more effectively and efficiently, freeing up resources to invest in attracting and
interacting new clients, and allowing a better proposition to prospective clients given
the increased efficiency of the internal firm processes. This leads to Hypothesis 6.
Hypothesis 6: The adoption of IPTs raises the number of a) clients, b) net monthly
income and c) profitability indirectly via process innovation.
The summary of our hypotheses is provided in Figure 1.
We further argue that firms can reap benefits not only by adopting ICT, but
also by developing complementary organizational capital such as human resource
practices and other organizational routines that make smart use of ICT (Brynjolfsson &
Hitt, 2000). Several economists argue that superior human resource and
organizational practices improve returns from ICT We therefore take into account
whether design firms use beneficial human resource practices and keep up‐to‐date
financials as control variables.
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Figure 1: Explaining the role of ICT in Information Processing & Communication leading to creating value for the organization.

4. Method and some descriptive results
4.1.

Research design

We test our hypotheses with data from a new survey of Dutch design firms. We
conducted computer‐assisted telephone interviews (CATIs) with the founders of
Dutch design firms in 2011. In the survey, we gathered information about their
adoption of ICT, innovation activities, and productivity statistics of the firms. We
sampled firms from the Web, Graphic, and Industrial Design sector, using the Dutch
version of the Yellow Pages. We randomly selected firms and approached 737 firms.
From these, 200 firms took part in our study, 238 did not want to participate and 299
could not be contacted, leading to a response rate of 27%. The number of firms active
in Industrial Design is 75, in Web Design 75, and in Graphic Design 90. Because some
firms fall into more than one category, these numbers are approximations. As we
describe in the following tables, the actual number of cases for some analyses is a
little smaller than 200 because of missing observations.

4.2.

Measurements

4.2.1.

Independent variables

Respondents were asked whether ICT is important in maintaining a relationship with
their buyers, suppliers and other designers. A principal component analysis was
conducted on these three items. Using the Kaiser rule led to one factor measuring the
importance of ICT for exploration (explained variance=59%, Cronbach’s alpha=.64). In
addition, we use a one item indicator measuring the importance of ICT for
information storage and dissemination inside the firm. Table 1 provides descriptive
information.
We further asked the firms about their potential adoption of specific ICTs.
For this, we used an exhaustive list of technologies that we iteratively had created and
extended during interviews with several firm representatives before the actual survey
took place. In general, firms are using four types of IPTs: Scanner, Fax, Document
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Management System and Electronic Agenda and three types of CTs: Teleconferencing,
Voice over IP (VoIP) and Social Media (Facebook, LinkedIn, Twitter, etc.). The number
of adopted IPTs and CPTs are both count variables and range from 0‐4 for IPTs and
from 0‐3 for CTs.
Information about CEOs covers the CEO’s level of education, gender,
professional education, and the number of design firms previously founded. The
information on the firm includes firm age, number of employees, and the sector in
which the firm operates.
4.2.2.

Dependent variables

The outcome variables include two sets of theoretical constructs: innovation and firm
performance. Innovation is mostly addressed in the literature in the form of product
innovation and process innovation. In the survey, we asked the firm whether it had
introduced any completely new design (which is not simply an extension of a design
that the firm already offers) or had implemented a significantly improved process
during the past 12 months. This gives us two dummy variables on product and process
innovation of the firms. Performance is measured through three variables that also
have been used in earlier research (see European Commission, 2004; 2008; 2009):
‘change in the number of clients’, ‘net monthly salary’ and ‘profitability’. ‘Net monthly
salary’ is a categorical variable indicating the monthly salary of the firm owner at five
different levels where ‘1’ indicates salary lower than €1000 and ‘5’ denotes salary
above € 6000 per month. ‘Change in the number of clients’ is also a categorical
variable where ‘3’ indicates increase, ‘2’ denotes no change and ‘1’ indicates decrease
in the number of clients during the last 12 months. ‘Profitability’ is a dummy variable
scoring 1 if the firm has been profitable during the past 12 months and 0 otherwise.
An overview of the measurements including some descriptive information is
presented in Table 1.
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Table 1: Measurements
Variable Name
Importance of ICT for
exploration

Importance of ICT for
exploitation
Log Employees
Firm Age
Previous Experience
CEO Gender
CEO higher education
Keeping
financials
Human
practices

up‐to‐date
resource

Variable Name
No.
of
information
technologies

Independent/ Control Variables
Variable Type
Variable Definition
3 point Likert scale Three questions regarding importance of ICT in
variables
maintaining relationship with stakeholders.
Q1. Does ICT have any role in maintaining
relationship with buyers?
Q2. Does ICT have any role in maintaining
relationship with suppliers?
Q3. Does ICT have any role in maintaining
relationship with competitors?
After performing PCA, a single variable has been
obtained
3 points likert scale Q. Does ICT have any role in storing, retrieving
variable
and maintaining information within the firm
Continuous
Logged number of employees in the firm
Continuous
Age of the firm in years
Binary
1 if the owner has founded other design firms in
past
Binary
1 if the CEO is female
Binary
1 if the CEO has obtained HBO or higher level of
education
Binary
1 if the firm keeps up‐to‐date financials
Binary

1 if the firm has valuable human resource
practices like work from home, flexible working
hours, providing training to employees.

Dependent Variables
Variable Type
Count

No. of communication
technologies

Count

Product Innovation
Process Innovation
Number
of
clients
increased, decreased or
stayed the same
Profitability
Net income

Binary
Binary
Categorical
Binary
Categorical

Variable Definition
Total number of information technologies
adopted from fax, scanner, document
management system and electronic agenda
Total number of communication technologies
adopted from social media, VoIP, and video
conferencing.
1 if the firm has introduced radically new design
1 if the firm has conducted process innovation
1 if the number of clients have decreased, 2 if it
stayed the same, 3 if it increased
1 if the firm experienced growth in profitability
1 if the net income < 1000, 2 if net income is
between 1000‐2000, 3 if net income is between
3000‐4000, 4 if net income is between 4000‐6000
and 5 is net income >6000.
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4.3.

Methods of data analysis

For the analysis of most outcome variables, we apply binary or ordered logistic
regression analysis. However, for testing hypothesis 1a and hypothesis 1b our
dependent variables are the number of IPTs and CTs adopted. As these are count
variables, we use a Poisson regression model in this case. The data do not show a lot
of evidence for biases due to over‐dispersion, which is a typical risk in such models
(Wooldridge, 2000).

4.4.

Descriptive analysis

4.4.1.

Characteristics of design firms

Many of the firms operate in two sectors. Forty‐six firms exclusively operate in web
design, 51 firms work exclusively in graphic design, and 63 operate only in industrial
design. There are 28 firms working in web and graphic design, 11 firms in graphic and
industrial design and only one firm operates in web and industrial design. Seventy
percent of the entrepreneurs in the design sector are male, and about 62% have a
professional design education. About 40% of the firms are more than 10 years old.
The firm characteristics show a considerable amount of heterogeneity in our sample
except in terms of size. Our sample is highly skewed towards micro firms (firms having
a size smaller than 10). Around 69% of the firms have the CEO as the only permanent
employee in the firm, most likely because they create project teams on the spot for
larger projects. The details of the firm characteristics are shown in Table 2.
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Table 2: Characteristics of the design firms
Characteristics
Active in Web Designing
Active in Graphic Designing
Active in Industrial Designing

Yes
75
90
75

No
125
110
125

N
200
200
200

Gender (CEO)

Male
140

Female
60

N
200

Employment Size

Micro (1‐9)
193

Small (10‐50)
7

N
200

Professional Education (CEO)

Yes
122

No
76

N
198

(0‐10) Yrs
120

Age (firm)

4.4.2.

(11‐20) Yrs
51

(20‐52) Yrs
29

N
200

Technology adoption in Dutch design firms

The descriptive findings on technology use show that design firms in our sample adopt
several basic technologies. Among information processing technologies, use of
scanners is most prevalent and 74% of the firms use them. Within the group of CTs,
social media are most popular and used by 68% of the firms. Design firms are also
active users of document management systems and electronic agendas. More
information on the technology adoption is provided in Table 3.
Table 3: ICT usage in Dutch Design Firms
Technology Usage

Yes

Information Processing Technologies
Scanner Use
144
Fax
25
Document Management
113
System
Electronic Agenda
126
Communication Technologies
Teleconferencing
Voice over IP
Social Media

57
86
134
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No

N

52
169
83

196
196
196

70

196

139
110
62

196
196
196

4.4.3.

Innovation activities

In terms of innovation, 36% of the design firms have introduced radically new designs
while 26% of the firms underwent process innovation during the last year. The actual
number of innovations may be higher because many innovations in creative sectors
remain unnoticed (Miles & Green, 2008).
4.4.4.

Profitability and Income indicators

In terms of net monthly income, 22% of the respondents have no idea or they do not
want to provide information on their monthly salary. This may bias our estimates as
we can expect firms with very high or low salary levels to be reluctant to provide this
information. The modal firm (around 23% in our sample) earns between € 1000 ‐ 2000
per month while about 22% of the firms earn between € 2000 ‐ 3000. There are only
2.7% of firms who earn more than € 6000 per month. Most of the firms in our sample
incurred a profit over the past 12 months. In terms of changes in the number of
clients, about 47% of the firms experienced an increase in the number of clients and
12.4% incurred a decrease in the number of clients. More descriptive information on
the variables measuring performance is shown in Table 4. As detailed representative
information about characteristics of firms operating in the Dutch design sector is
unavailable it remains open whether and to what extent our sample might be biased.
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Table 4: Performance indicators of Dutch Design Firms
Relative Frequency
Net to Monthly Income

N
189

No Idea/ Did not provide
information
<1000
1000‐2000
2000‐3000
3000‐4000
4000‐6000
>6000

21.69%

Profit

Has your firm been
profitable over last 12
months?
Yes

77.54%

187

No. of clients com:
Comparison last
financial year with the
year before:

Increased

46.91%

194

Decreased
Stayed the same
No Idea

12.37%
36.08%
4.64

Increased

6.52%

Decreased
Stayed the same

3.25%
90.22%

No. of employees com:
Comparison last
financial year with the
year before:

19.05%
23.28%
20.11%
9.52%
3.70%
2.65%

184

5. Results
5.1.

Relationship between types of ICT adoption and organizational
learning (hypotheses 1a & 1b)

As explained in the theory section, we know that firms conduct learning and search
relevant information from within itself (‘exploitation’) and outside the firm boundary
by approaching, for instance, buyers, suppliers and other designers (‘exploration’).
Firms may consider ICT as important in maintaining relationships with their buyers,
suppliers and competitors. Firms may also consider ICT to be important in conducting
exploitative search. We test whether the relative importance of ICT has different
implications for the adoption of a particular type of technology. The results are
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presented in Table 5.
The firms that consider ICT to be important for maintaining relationships
outside the firm boundaries (in our terms, conducting more explorative search) adopt
more CTs , in line with hypothesis 1b. Our analysis indicates that a one unit increase in
the variable ‘importance of ICT for exploration’ increases the log count of the number
of CTs by 0.1322. The coefficient of the variable ‘importance of ICT for exploitation’
shows that one unit increase in the variable increases the log count of number of
information processing technologies by 0.1468. The coefficients of both variables are
positive and significant. In other words, the number of IPTs would increase by a factor
of exp(0.1322)=1.1 when the firms consider ICT to be important for exploitation and
the number of CTs will increase by a factor of exp(0.1468)=1.2 when the firm believes
ICT to be important for exploration. The findings provide evidence in favour of both
hypothesis 1a and hypothesis 1b, suggesting that the firms that consider ICT to be
important for exploration adopt more CTs and the ones who consider ICT to be
important for exploitation adopt more IPTs.
Further, the CTs are less likely to be adopted by older firms, as a one unit
increase in the age of the firm decreases number of CTs by a factor exp(‐0.0298)=0.97
and less likely to be adopted when the owner has previously founded a firm (a factor
of exp(‐0.3498)=0.70).
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Table 5: Poisson model estimates of technology adoption
# Information Technology
adoption

# Communication
Technology adoption

Importance of ICT for
exploration

0.0272
(0.0474)

0.1322**
(0.0561)

Importance of ICT for
exploitation

0.1468*
(0.0776)

0.1299
(0.0939)

Log (No. of employees)

0.1117
(0.705)

0.1421
(0.0913)

Firm Age

‐0.0002
(0.0059)

‐0.0298***
(0.0086)

Previous Design Firms Founded

‐0.1880
(0.1457)

‐0.3498*
(0.1856)

CEO Gender = female

0.0960
(0.1190)

‐0.0204
(0.1402)

CEO Higher Education

0.0499
(0.1276)

0.0470
(0.1589)

Constant

0.4272**
(0.1764)

0.4671**
(0.2063)

Sector Controls

Yes

Yes

N

189

189

***: coefficient is significant at 0.01 level; **: coefficient is significant at 0.05 level, and *: Coefficient is significant at 0.1
level.

5.2.

Relationship between ICT type and innovation (hypotheses 2a &
2b)

To estimate the relationship between ICT type and innovation, we run logistic
regressions to investigate how the number of IPTs and CTs affect product and process
innovation. The results are provided in Table 6. We run two separate logistic
regressions for product innovation and process innovation as dependent variables.
The results show that the effect of the number of IPTs is positive and significant for
process innovation, whereas the effect of the number of CTs is positive and significant
for product information. For a one unit increase in the number of IPTs, the log odds of
the process (versus no process) innovation increases by 0.6248 (odds increase with a
factor 1.87). For a one unit change in the number of CTs, the log odds of the product
(versus no product) innovation increases by 0.2739 (odds increase with a factor 1.32).
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These findings are in line with hypothesis 2a and hypothesis 2b. Furthermore, the
results suggest that firms with a male CEO tend to carry out more product and process
innovations.
Table 6: Logistic regression on product and process innovation
Product Innovation

Process Innovation

Constant

0.1659
(0.1774)
0.2739*
(0.1644)
0.0917
(0.2400)
‐0.0023
(0.0189)
0.3456
(0.4333)
0.6651*
(0.3817)
‐0.3858
(0.4009)
‐2.1988***
(0.6798)

0.6248***
(0.2191)
‐0.0017
(0.1777)
‐0.0361
(0.2701)
‐0.0463*
(0.0237)
‐0.3066
(0.5154)
1.0716**
(0.4531)
‐0.0293
(0.4376)
‐2.8638***
(0.7985)

Sector Controls

Yes

Yes

N

189

189

No. Information Processing
Technologies
No. Communication
Technologies
Log(No. of employees)
Firm Age
Previous Firms Founded
CEO Gender = female
CEO Higher Education

Prob>Ch2

0

0

Log likelihood

‐115.96

‐98.54

***: coefficient is significant at 0.01 level; **: coefficient is significant at 0.05 level, and *: Coefficient is significant at 0.1
level.

5.3.

Relationship between ICT type, innovation and firm
performance (hypotheses 3‐6)

We use three indicators of firm performance, namely a) ‘increase in the number of
clients’ as categorical variable, b) ‘profitability’ (a binary variable), and c) ‘net monthly
income’ as a categorical variable.
5.3.1.

Increase in the number of clients

The results of the ordered logistic regression are shown in Table 7a and indicate that
the effect of the number of IPTs is positive and significant for changes in the number
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of clients. That is, firms using more information technologies tend to have more
clients. However, more CTs do not directly raise the number of clients. In addition, in
terms of organizational practices, firms that keep up‐to‐date financials have a
significant and positive likelihood of achieving a higher number of clients. Accordingly,
based on the number of clients as a dependent variable, we find support for
hypothesis 3a, but not for hypothesis 4a. The results are shown in Table 7a.
Table 7a: Logit regressions on firm performance

No. of Clients
(Using Ordered Logit)

Profit
(Using Logit)

Net Monthly
Income
(Using Ordered
Logit)

0.2885*
(0.1653)

0.2769
(0.2216)

0.3599**
(0.1789)

CEO Higher Education

‐0.0577
(0.1478)
0.3017
(0.3478)
‐0.0524***
(0.0175)
‐0.3855
(0.3405)
‐0.0929
(0.3641)

‐0.1134
(0.1928)
0.7198
(0.5595)
‐0.0050
(0.0241)
0.2758
(0.4265)
0.5363
(0.4566)

0.0885
(0.1571)
‐0.1392
(0.4126)
0.0662***
(0.0212)
1.1321***
(0.3881)
‐0.0097
(0.4182)

No. Previous Design
Firms
Keeping up‐to‐date
financials
Human Resource
Practices
Sector Controls

‐0.2307
(0.3858)
0.7197**
(0.3060)
‐0.1264
(0.1801)
Yes

‐0.1477
(0.5264)
1.0558***
(0.3719)
‐0.2035
(0.2591)
Yes

0.8276*
(0.4458)
0.9616***
(0.3530)
0.2124
(0.2106)
Yes

Constant
N
Prob>Ch2
Log likelihood

‐
183
0
‐195.75

‐1.8773**
(0.9308)
176
0
‐87.49

‐
140
0
‐197.67

No. of Information
Processing
Technologies
No. of Communication
Technologies
Log(No. of employees)
Firm Age
GEO Gender=female

***: coefficient is significant at 0.01 level; **: coefficient is significant at 0.05 level, and *: Coefficient is significant at 0.1
level.

For testing hypothesis 5 and hypothesis 6a, we include product and process
innovation in the equation. As Table 7b demonstrates, the effect of the number of
IPTs remains positive and significant and the magnitude of the coefficient also
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remains the same. Contrary to our hypothesis 6a, however, the effect of process
innovation on the increase in the number of clients is non‐significant, thus providing
no support for hypothesis 6a.
As predicted by hypothesis 5, product innovation affects number of clients
positively and significantly (log odds of 0.53). Accordingly, the number of CTs has no
direct effect on the number of clients (contrary to our hypothesis 4a), but an indirect
effect (in line with our hypothesis 5). Furthermore, the effect of keeping up‐to‐date
financials remains positive and significant (log odds of 0.69). The effect of the
existence of human resource practices in the firms is insignificant in all cases,
suggesting that the impact of human resource practices is not visible in micro and
small size firms.
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Table 7b: Logit regressions on firm performance
Net Monthly
Income
(Using Ordered
Logit)
0.2020
(0.3386)

No. of Clients
(Using Ordered
Logit)

Profit
(Using Logit)

Product Innovation

0.5328*
(0.3127)

0.2779
(0.4250)

Process Innovation
No. of Information Processing
Technologies

‐0.1170
(0.3482)
0.2785*
(0.1676)

0.1746
(0.4703)
0.2446
(0.2271)

‐0.0731
(0.1486)
0.2373
(0.3546)
‐0.0516***
(0.0175)
‐0.4446
(0.3491)
‐0.0992
(0.3659)

‐0.1179
(0.1927)
0.7342
(0.5631)
‐0.0030
(0.0243)
0.2197
(0.4347)
0.5518
(.4588)

Human Resource Practices

‐0.3116
(0.3908)
0.6909**
(0.3099)
‐0.1005
(0.1860)

‐0.1765
(0.5291)
1.0119***
(0.3776)
‐0.2221
(0.2642)

Sector Controls

Yes

Yes

‐

Constant

‐

‐1.8670***
(0.9358)

N

183

176

140

No. of Communication
Technologies
Log(No. of employees)
Firm Age
GEO Gender=female
CEO Higher Education
No. Previous Design Firms
Keeping up‐to‐date financials

‐0.1603
(0.3655)
0.3709**
(0.1848)
0.0714
(0.1587)
‐0.1998
(0.4191)
0.0649***
(0.0215)
1.1757***
(0.4044)
0.0030
(0.4189)
0.7898***
(0.4482)
0.9548***
(0.3583)
0.2362
(0.2130)
Yes

0
Prob>Ch2

0

0.1

‐197.38
Log likelihood
‐194.19
‐87.22
***: coefficient is significant at 0.01 level; **: coefficient is significant at 0.05 level, and *: Coefficient is
significant at 0.1 level.

5.3.2.

Net monthly Income

We use ordered logistic regression analysis for net monthly income. We first test
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hypotheses 3b and 4b and show the results in Table 7a. These results confirm that the
number of IPTs has a positive and significant effect on net monthly income, providing
support for hypothesis 3b. Firm age, gender of the CEO, and up‐to‐date financials are
all related to net monthly income positively and significantly. Furthermore, in line
with hypothesis 4b, the number of CTs has no direct effect on net monthly income.
This supports both hypothesis 3b and hypothesis 4b.
For testing hypothesis 6b, we add product innovation to the equation.
However, neither product nor process innovation show a significant effect on net
monthly income, providing no support for hypothesis 6b. The (direct) effect of the
number of IPTs remains positive and significant with a coefficient of 0.37. Also in this
case, firm age, gender, and up‐to‐date financials affect net monthly income positively
and significantly. In addition, the effect of a firms’ past experience is also positive and
significant.
5.3.3.

Profitability

Finally, we test hypotheses 3c, 4c, and 6c by analyzing profitability as our target
variable. Table 7a shows that profitability is not affected by any form of technology,
thus rejecting hypothesis 3c. The results, however, are in line with hypothesis 4c.
Furthermore, as Table 7b indicates, neither process nor product innovations predict
profitability. Thus, there is no evidence supporting hypothesis 6c. We provide an
overview of the results of the hypotheses testing in Table 8.
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Table 8: Overview of the results of hypotheses testing
Hypothesis
1a
1b
2a
2b
3a
3b
3c
4a
4b
4c
5
6a
6b
6c

x
y
Importance exploitation
# IPTs
Importance exploration
# CTs
# IPTs
process innovation
# CTs
product innovation
# IPTs
# clients
# IPTs
net monthly income
# IPTs
profitability
# CTs
# clients
# CTs
net monthly income
# CTs
profitability
# CTs
product innovation
#clients
# IPTs
process innovation
#clients
# IPTs
process innovation
net
monthly income
# IPTs
process innovation
profitability

Supported?
Yes
Yes
Yes
Yes
Yes
Yes
No
No
Yes (no direct effect)
Yes (no direct effect)
Yes
No
No
No

6. Summary, limitations, policy and managerial implications
6.1.

Summary

The paper analyzes the consequences of ICT adoption in design firms based on the
arguments in the literature on organizational learning. The OL literature emphasizes
the role of ICT in knowledge management, but is not very explicit about how
knowledge management affects the adoption of ICTs. Our study attempts to clarify
the subjective factors behind ICT adoption, the role of ICT in a firm, and how ICT
affects firm performance. We use unique survey data from Dutch design firms to
investigate this relationship between ICT, innovation, and firm performance. The
survey contains information on 200 design firms from The Netherlands collected in
2011. We conduct different logistic and ordered logistic regression analyses on five
measures of firm performance: product and process innovation, profitability, changes
in the number of clients, and net monthly income.
Several insights emerge from our study. First, based on our classification of
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ICTs into two main types i.e., Information Processing Technology (IPTs) and
Communication Technology (CTs), we found that different factors influence adoption
of these different types of technology. Firms that perceive ICT to be important for
exploitation adopt more IPTs and firms that recognize ICT to be important for
exploration adopt more CTs. Second, the question as to how ICT affects firm
performance becomes clearer with our classification of ICTs. IPTs are more linked to
process innovation while CTs are mainly related to product innovation. Third, an
important finding of this study is the strong role of IPTs for other performance
variables such as ‘increase in the number of clients’ and ‘net monthly income’ of the
firms. The number of CTs, however, does not affect any other measure of firm
performance, apart from ‘product innovation’. This is not in line with our hypothesis
4a predicting a positive effect on the number of clients. We offer the following (post
hoc) explanation for this unexpected finding. It might be that while CTs in general and
social media in particular are an important tool for firms to attain competitive
advantage, only a fraction of firms are using social media effectively (Kenslea & Green,
2010). The recent literature points out that many firms apparently fail to harness the
real potential of social media and many do not understand what social media might
be able to do for them (Kaplan & Haenlein, 2010). The lack of support for hypothesis
4a could be a reflection of that. Further, contrary to our hypotheses, neither IPTs nor
CTs are found to support profitability. Though contrary to our hypotheses, this finding
is in line with recent work by Zand & van Beers (2010) and Koellinger (2008) who also
could not find any evidence for such effect on profitability. They argue that
profitability, when asked in a survey, is too subjective to measure and that it would be
more appropriate to use a more objectively quantifiable variable. This may explain
why we cannot predict profitability and thus do not find evidence for hypotheses 3c
and 6c. Fourth, the study sheds light on the important mediating role of innovation in
the ICT value creation process of firm performance. Product innovation is important in
increasing the number of clients as it enables the adopting firm to introduce newer
designs, thereby increasing the clientele base of the firms. Process innovation,
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however, does not predict any measure of firm performance. It may have only a
complementary role towards product innovation, as has suggested earlier by Beers &
Zand (2013). This can potentially explain why we do not find support for hypotheses
6a‐c. IPT remains important for an increase in the number of clients even after the
inclusion of innovation. Finally, firm practices such as better account management
also seem to positively influence the performance measures of the firms.

6.2.

Implications for policy makers and managers

Our research has implications for both policy makers trying to facilitate and managers
intending to foster innovation and ICT adoption in the design sector. With the twofold
drive to stimulate ICT adoption based on its Digital Agenda for Europe (DAE) and
developing of firms in the design sector based on its Creative Europe Program, the EC
has developed rather fragmented measures to stimulate ICT adoption and innovation
of firms in the design sector, respectively. Our findings, however, suggest that ICT
adoption and innovation are linked for firms in the design sector. Therefore more
integrated policy measures are required to simulate innovation and performance in
this sector. As we have shown above, the specificities of knowledge circulation in this
sector between firms, customers and suppliers require, in addition, more specific and
customized programs to foster the ICT adoption and innovation. We argue that
governmental support should target more specific forms of ICT. What forms of ICT are
more suitable depends on the existing ICT equipment of the firm and on the type of
innovation (process vs. product innovation) that the design firm aims at. If firms strive
for product and process innovation then policy makers can design programs, which
foster the ICT investments in both forms of ICT. Furthermore, governmental programs
should be aimed at stimulating learning processes within design firms in order to
guarantee that the different forms of ICT are utilized in an adequate way. For this last
point, more research is needed that clarifies to which extent available CTs are utilized
within firms, whether there are knowledge gaps within the firms, and whether or not
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CTs are adequately used in contributing to an increase in the client base.
With respect to firm managers, our study provides useful insights into the extent
to which organizational learning mechanisms are important for ICT adoption and how
ICT‐facilitated OL mechanisms enable innovation and superior firm performance. In
SMEs, the CEO needs to be aware of the specific benefits and implications of the
technology to facilitate ICT adoption and innovation, as the role of CEOs is eminent for
the adoption of technologies in SMEs. It is important to understand the different roles
of technology for enabling innovation and enhancing firm value. A monolithic view of
looking at ICT does not provide us with sufficient tools to analyze the ICT impact on
firm performance. The findings indicate that ICT portfolio managers can pick up an
ideal suite of technology which caters to the requirements of the firm for superior
firm performance.

6.3.

Limitations and future research

As stated above, the data set used in the study is unique, but it does have
shortcomings. First, it would be desirable to obtain panel data to be able to infer the
causality of ICT on innovation and firm performance. In addition, panel data would
enable controlling for unobserved heterogeneity at the firm level better. Using net
monthly income as one of the outcome variables might have created a bias, as firms
in general are sensitive about this form of information. In addition, profitability is a
subjective measure that can be affected by the aspiration level of respondent.
A similar analysis in other sectors with more or less knowledge intensive
activities would be a useful further step. A comparison of the results would then show
whether and how knowledge intensive firms are different from less knowledge
intensive firms in terms of reaping benefits from ICT. Another extension would be a
more fine‐grained classification of ICT to further clarify the link between ICT and firm
value. Most of all, the study demonstrates that deviating from the idea that ICT would
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be a General Purpose Technology can be quite fruitful for gaining insights about the
impacts of ICT on firm performance. A more detailed look at ICTs and their different
roles for firm performance promises to be profitable for gaining additional insights in
further research.
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Thesis Summary
Information and communication technologies (ICT) are often referred to as “General
Purpose Technologies” (GPT). Several economic studies have investigated whether ICT
indeed contributes towards the performance of the firm, the region, the industry and
the country level to validate the claim that ICT indeed is a GPT. However, most of
these studies make use of ICT expenditures as a measurement tool. Although a
number of studies find a positive link between ICT and productivity, some of them do
not; hence the role of ICT in economic growth remains a puzzle. One issue is that it is
important to highlight that the term ICT entails many different kinds of technologies:
telecommunications, computers, enterprise software, middleware, or audio visual
systems that facilitate to collect, store, process, and disseminate information, to name
just a few. The context free definition of ICT has increasingly been criticized as
undermining our understanding of the economic consequences of ICT for firms.
However, thus far the research on ICT adoption and its contribution to firm growth
has not primarily focused on the different roles that ICT can take. These roles
encompass different vital processes such as organizational change and innovation,
both of which may also have direct effects on economic yield. To uncover these
different roles and consequences of ICT on firm performance, we study Business ICT
from a GPT lens giving particular attention to small‐ and medium‐ sized enterprises.
Our research indicates five key areas in which ICT as a GPT has been studied: 1)
determinants of ICT adoption and diffusion, 2) the existence of a digital divide, 3) the
impact of adopting ICT, 4) the way in which ICT creates firm value, and finally, 5) the
link between ICT and the knowledge economy. Throughout the thesis, we use
quantitative tools to study issues in the above mentioned research areas on the basis
of three datasets on Dutch and European firms.
Besides an introduction to the issue (chapter 1) that includes an overview and general
conclusion and some policy recommendations, the thesis centres around four papers:
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1.

General Purpose Technologies: A survey, a critique and future research
directions.
This study is based on a literature survey of 57 empirical studies published
from 2004 to 2013. One of the main points that this literature survey
points out is that a well‐defined distinction between infrastructure
technologies and applications is required. ICT can have different kinds of
roles, can impact firm performance in different ways (by affecting different
kinds of firm processes) and can impact different kinds of firm performance
(for instance affecting both more “generic” and “strategic” firm
performance). The literature is at this point largely silent about how to
disentangle these.

2.

Broadband Availability at the Industrial Parks: Some evidence from the
Netherlands.
Using a dataset on 26,857 firms in Zeeland, we find that broadband and
next generation infrastructure ICT technologies are only slowly diffusing
across the Netherlands (or at least across Zeeland). The presence of
knowledge firms and higher population density attracts broadband
infrastructure investment but business areas are largely ignored by the
investors. This is potentially where the government could intervene and
ensure a more uniformly available broadband and next generation
infrastructure technologies. In addressing this problem, we also notice that
contrary to the United States, in the European context there is hardly any
data available that would enable a better understanding of the (existence
of and reasons for a) broadband digital divide at the firm level. The study
establishes the existence of such a digital divide in The Netherlands (in the
Zeeland region), and highlights the need for additional data collection in
the area of ICT adoption, especially in a business‐to‐business context.
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3.

Levels of ICT Adoption, Innovation and Firm Performance: Understanding
the problem of diverging ICT effects.
Re‐analyzing survey data on 7,302 European firms from 25 states operating
in the European Union in a variety of sectors, the thesis continues by
studying the adoption and consequences of varying kinds of ICT
applications (ranging from basic ICT to more complex ‘Enterprise Systems’).
The chapter shows that the adoption of ICT can be seen as a process in
which firms adopt ICTs sequentially: more advanced ones are adopted only
if the more basic ones have already been adopted. Our analyses show that
ICT can be usefully ordered in three categories: basic ICTs, network ICTs and
e‐business applications. We find that, when using this distinction, the
effects of ICT‐adoption are more pronounced than they were before.
Moreover, this setup allows us to see which kinds of ICT‐adoption are
related to improved performance: it turns out that the adoption of the
more complicated forms of ICT is the main drivers of the positive effects of
ICT. In addition, we show that although on average there are positive
effects of ICT on firm performance, the risk of a decrease in performance
also increases with increased adoption of ICT.

4.

The specific roles of ICT types in adoption: A case study in the Dutch
design sector.
Using new survey data on 189 Dutch design firms, we investigate to what
extent and how ICT affects performance of micro‐ small‐ and medium‐ sized
firms in the design sector. As earlier research points to divergent effects of
ICT adoption on firm performance, we investigate ICT adoption and how
adopting firms harness ICT to produce different types of innovations. We
distinguish two basic different functions of ICT: i) information and ii)
communication. Based on these functions, firms adopt distinct types of ICTs
that have diverse affects on innovation and firm performance. Examining
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the links between ICT, innovation, and firm performance, we find that
information

technologies

facilitate

process

innovation

while

communication technologies facilitate product innovation. Furthermore,
information processing technologies and product innovation are important
determinants of superior firm performance. The results demonstrate how a
capability‐based distinction of ICTs provides important insights on how ICTs
serve as a significant input for innovation. The study adds insights to the ICT
firm value literature and complements the literature on organizational
learning, thereby recommending the fruitfulness of a knowledge based
distinction of ICTs for future research.
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