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ICT-based innovation and its competitive outcome:
the role of information intensity
Research Paper
Purpose
Prior research highlights the vital role of Information and Communication Technologies (ICT) for
innovation in response to environmental conditions. However, there is a lack of studies that analyse the
determinants of ICT investments on the innovation activities of firms in relation with their impacts on
the industrial and competitive dynamics using large datasets.
Design/methodology/approach
In this paper, we investigate the effects of ICT investments on the industrial and competitive dynamics
for a large and representative panel dataset. All the industries are included, and lagged effects of ICT
investments are studied. Our model is tested on a seven-year panel (2008-2014) of 231 Italian industries
using two-stage least squares instrumental-variables (IV) estimators with industry time and fixed effects.
Findings
The results indicate that munificent industries and higher ICT spending are interrelated facts, showing
that in sectors with more growth opportunities firms invest more in ICT and this leads to higher industry
concentration, greater profit dispersion and higher competitive turbulence in the sector. Also, the paper
shows that SMEs can rarely take advantage of their ICT-based innovation to start high-growth
phenomena.
Practical implications
The results suggest that ICT-based innovation may create competitive advantages that are hard to
sustain over the long-term raising important implications for managers involved in ICT-enabled
innovations and policy-makers involved in building programs to foster innovation.
Originality/value
Against the backdrop of today’s digital transformation, the paper enriches our understanding on the
disruptive effects exerted by the digitalization of the innovation process and provides a base to continue
the investigation of industrial changes and competitive dynamics.
Keywords: Information and communication technologies, Competitive dynamics, Digitalization, ICTbased innovation, Industry effects
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1

Introduction

Information and Communication Technologies (ICT) enable a variety of innovation types, due to their
long-term evolution trend from being an asset supporting information processing and automation of
administrative activities to ubiquitous technologies that today can make products capable of processing
and communicating information over the Internet (Nolan, 1979; Porter and Heppelmann, 2014).
In Information Systems literature, the multipurpose nature of ICT has led to the distinction between two
types of innovation that can be enabled by these technologies (Stoel and Muhanna, 2009; Neirotti and
Raguseo, 2017).
Innovations falling in the first type placed cost reduction, efficiency, operational results and business
process improvement among the main goals for ICT investments. This first type of technologies is
relatively mature and is triggered by the adoption of enterprise systems that support production planning
and control, inventory management, invoicing, asset maintenance, collaboration and data sharing and
integration with supply chain partners to manage demand and material flows. Being related to
technologies like Enterprise Resource Planning (ERP) systems that are today well established, this type
of innovation may not affect competitive dynamics in an industry to a larger extent, despite the fact that
the diffusion of such innovations has reached only in recent years the late majority and SMEs (Eurostat,
2014). The second type of innovations supports firms in “doing new things” rather than “doing the same
things with less”. In doing so, they are aimed at improving external orientation towards customers and
services through improvements in new product development, Customer Relationship Management
(CRM), and the development of new business logics like servitization (i.e., selling an integrated
combination of products and services) and e-commerce. Whereas innovations consisting in “doing the
same things with less” are aimed at reducing operational expenses and at protecting a firm’s profit
margin from competitive pressure on prices, the type of innovations consisting in leveraging ICT to “do
new things” can be aimed at a firm’s revenue growth, at finding more munificent and high-growth
market segments, or at increasing a customer’s willingness to pay thanks to additional products or
services jointly provided. Not all the firms in an industry can have the capability to realize such type of
innovation and this can contribute to explain the evidence of intra-industry heterogeneity in the
accumulation of intangible assets and capabilities (Arrighetti et al., 2014). Hence, this second type of
innovation can have a more profound impact on industry dynamics compared to relatively mature
innovations that are aimed at improving a firm’s internal efficiency.
At the same time, these two innovation typologies can have different rates of diffusion in industries and
profound implications for industrial and competitive dynamics. Industry-level studies can contribute to
the understanding of the differences in the economic impact of ICT-based innovation, especially when
studies can compare such effects across industries. This topic has been marginally investigated so far in
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both innovation studies and in Information Systems research due to the complexity of building large
datasets of industries with a time series dimension that can capture the economic impact of ICT in a
comprehensive manner.
Information Systems studies show that ICT enhances innovation by increasing a firm’s strategic agility,
yielding more options for competitive actions (Sambamurthy et al., 2003). Notably, the existing
literature on ICT and innovation has tended to focus on product innovation (Pavlou and El Sawy, 2006)
or on ICT as a form of process innovation (Benner and Tushman, 2003). However, the extensive
research on the linkages between these two streams of literature, and specifically on the connection
between ICT and innovation (Roberts et al., 2012) has not explored the ICT effects and implications for
industrial and competitive dynamics. Among the few exceptions, on US industry-level data Brynjolfsson
and colleagues (2008) have provided a first contribution to the effects of ICT-based innovation on
industrial dynamics showing that information intensive sectors exhibit more concentration dynamics
and greater profit dispersion. While this has been an important theoretical contribution on the strategic
value of ICT-based innovation, there is still need for further understanding in the form of both theoretical
and empirical contribution. For example, there is no evidence whether few firms (rather than many) are
capable of seizing the opportunities in “doing new things” by investing in new ICT features. This is
especially worth of investigation in countries where products and processes are less digitalized
compared to the US, where most of the research on the business value of ICT-based innovation has
taken place. In this regard, past innovation studies (Bell and Pavitt, 1993) show that there are
considerable differences in technological regime, technological accumulation, path and rate of capability
building between countries. These differences may, to some extent, change or even challenge those
existing conclusions mostly based on the experiences from digitalized economies such as the US,
particularly when discussing the process of technological development in a country with a very
diversified industrial composition like Italy.
Here we investigate this phenomenon by combining the implications at the industry-level of the
Resource Based View (Barney, 1991) and of institutional theory (Scott, 1987; Powell and DiMaggio,
2012) to analyse how industry structures and competitive dynamics have been evolving in Italy using a
seven-year panel (2008-2014). We draw on Resource Based View to understand how the heterogeneity
in capabilities “between” and “within” sectors can influence the outcome of ICT investments on
industrial dynamics. The period under analysis is adequate to this purpose since it includes the deep
economic recession between 2008 and 2013. Recent studies show that countries like Italy that have been
particularly hit by such economic recession have seen an increase in the industry heterogeneity of
performance (Landini, 2016).
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Using instrumental variables and taking into account unobserved heterogeneity of industries and
endogeneity of ICT investments, our findings suggest a bi-directional causality between the digital
options enabled by ICT investments and the industry competitive environment. Specifically, the results
suggest that munificent industries and higher ICT spending are interrelated facts, showing that in sectors
with more growth opportunities firms invest more in ICT. Higher spending in ICT also leads to higher
industry concentration, greater profit dispersion and higher competitive turbulence in the sector. Also,
the paper shows that in industries with more spending in ICT, SMEs and start-ups can rarely take
advantage of their ICT-based innovation to start high-growth phenomena.
Taken together, these findings contribute to the literature on ICT and innovation (Roberts at al., 2012)
underscoring the role of industrial competitive dynamics for the successful use of ICT and the realization
of economic gains from innovation and enriching our understanding on the disruptive effects exerted by
the digitalization of the innovation process. The results raise implications for managers involved in ICTenabled innovations and policy-makers involved in building programs to foster innovation.

2
2.1

Theoretical Background
ICT-based innovation: implications of ICT spending on competitive
dynamics

It is widely acknowledged that industry is the factor that mostly influences the firm’s accumulation of
intangible assets such as ICT resources (Arrighetti et al., 2014). Since within a sector firms tend to face
similar conditions in the competitive and institutional environment (Scott, 1987; Powell and DiMaggio,
2012), they face the same market supply of technologies and deal with the same operational problems.
Also, managers tend to use their industry peers as frames of reference when determining choices of ICT
strategy whose returns are affected by a high degree of uncertainty (Neirotti and Paolucci, 2014). Such
phenomena may lead to industry-level commonalities, particularly in terms of observable aspects such
as the heuristics driving ICT spending and the timing in the adoption of certain technologies (Mauri and
Michaels, 1998). Higher spending in ICT can capture more complex usage patterns of ICT and more
sophisticated industry-specific capabilities that are built on ICT (Neirotti and Paolucci, 2014). As such,
ICT spending can be used as a condensed variable that explains “between” sector differences in the
extent of ICT adoption and of ICT-related capabilities. In other words, there might be a great deal of
“between-sectors-heterogeneity” in ICT spending, which is associated with different outcome in
industrial and competitive dynamics.
Our stylized analysis has discriminated three types of possible situations associated with different level
of ICT spending existing at the industry-level. First, a “normal” average situation involving several
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industries can be represented by a wide industry-level diffusion of technologically mature ICT solutions
that require limited ICT spending due to low implementation and running costs due to the standardized
features that characterize such systems. Today, simple standard applications of ERP systems supporting
inventory management, sales and administrative activities can be an example of such technologies. As
Figure 1A depicts, the diffusion of such technologies may have involved a large number of firms at the
industry-level, even among SMEs (Raymond and Uwizeyemungu, 2007; Dibrell et al., 2008), for which
investments in ICT is limited due to the maturity of the technologies. Under these conditions, such
industries may thus exhibit a relatively “medium” spending in ICT by all the companies in the industry.
The second situation in our stylized analysis can be associated with traditional low-tech sectors with a
very limited capability of absorbing and deploying ICT. In such circumstances, within the industry just
a restricted tier of relatively more technologically savvy (and larger) enterprises - compared to the
industry average - may have made investments in relatively mature technologies like ERP. Compared
to the first circumstances, these sectors can exhibit a limited spending in ICT at the industry-level, which
depicts that even more mature ICT resources have not been institutionalized in the industry recipe. This
situation is depicted in Figure 1B and may be categorized as a situation of “low” spending in ICT at the
industry-level.
Finally, the third possible stylized scenario is of “high” ICT spending at the industry-level. Such scenario
can be associated with situations in which the most technologically savvy firms have a more complex
portfolio of ICT solutions and information systems that support a broad array of functions. Such
portfolios require relatively higher operational expenses and capital expenditures compared to the
situations depicted above. This may be the case of ICT systems supporting more complex organizational
processes like new product development, supply chain collaboration, Customer Relationship
Management (CRM) and e-commerce initiatives. Most of these technologies can support firms in new
initiatives aimed at revenue generation, responding to market changes and broadening the repertoire of
competitive actions (Sambamurthy et al., 2003). This situation - where in the industry mature
technologies have been institutionalized and some firms have invested in a more complex array of nonmature technologies - can be associated with higher spending at the industry-level, and also with greater
industry heterogeneity in resource deployment and capabilities. In fact, in the situation depicted in
Figure 1C, a vast array of firms is characterized by a more limited spending in ICT due to the deployment
of a less rich portfolio of ICT systems. This situation can be accompanied by a greater level of “withinindustry” heterogeneity in the extent of ICT adoption and in the firm-level spending in ICT. This is due
to the fact that for the restricted tier of savvy and better managed firms the broader implementation of
non-mature information systems involves a high level of social complexity (Mata et al., 1995, p.497)
and path dependency (Dierickx and Cool, 1989) – due to the fact that emerging ICT usually requires the
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previous successful adoption of more mature ICT, and complementary investments in human capital
and managerial practices (Brynjolfsson and Hitt, 1996; Bresnahan et al., 2002).

-------------------------Figure 1 about here

--------------------------

In a nutshell, our idea is that higher spending in ICT at the industry-level can capture higher
heterogeneity within sectors in ICT-related innovations and capabilities and this can explain differences
in the industrial and competitive dynamics compared to sectors where ICT is object of lower spending
at the industry-level. There is vast empirical evidence in supporting this assumption. On firm-level data,
Faggio et al. (2010) found evidence that more intensive ICT investments lead to higher dispersion in
productivity and wage at the industry-level. Arrighetti and colleagues (2014) found that in sectors with
more investments in intangible assets some firms with superior human capital and historical intangible
asset base persist in accumulate intangible assets, while others tend to diverge towards less knowledge
intensive types of production.
The idea is that intensive ICT investments can provide growth opportunities that just a limited tier of
more savvy and better managed firms can capture. The consequences of such dispersion on industrial
and competitive dynamics have not been studied yet and calls for exploring a range of outcomes at the
industry-level, which is presented in the next section.
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2.2

ICT-based innovation and consequences for industrial dynamics: the
quest for dependent variables

The idea that higher spending in ICT at the industry-level can imply for a certain number of firms more
opportunities of business growth calls for an interest in exploring the effect of ICT spending on industry
munificence, which depicts the availability of opportunities and resources for growth and which is
traditionally analysed as the revenue growth rate in an industry. Two elements lead to an interest over
exploring the effects of ICT-based innovation on this variable. First, ICT can improve a firm’s strategic
agility, yielding more options for competitive actions (Sambamurthy et al., 2003) and for growth in
revenues. This is well expressed in the multi-side and multi-layered nature of ICT-based innovation, for
which innovation in a sector can be monetized in another one (Lucas et al. 2013). The second element
is due to the fact that business processes, once they are codified and standardized in an information
system, can be easily replicated throughout an organization. This implies that organizations can extend
their operational effectiveness in various geographical areas and “add scale without mass” (Brynjolfsson
et al., 2008).
The “scale without mass” principle raises interest in analysing whether, due to ICT-based innovations,
sectors associated with high ICT spending are subject to more significant market concentration and
profit dispersion and are thus “dominated” by a restricted tier of large and more effective enterprises.
At the same time, the evolving nature of ICT and its ongoing development may destroy the dominant
market position of ICT leaders in favour of rivals or new entrants, thereby putting an industry in
conditions of hypercompetition (D’Aveni, 1994) and high-growth opportunities for entrepreneurial
firms. Another driver of hypercompetition can lie in the effect that ICT and the Internet have in
increasing market transparency and contestability and in reducing barriers to entry (Porter, 2001). In this
vein, hypercompetition may go along with a process of growth for small enterprises and start-ups that
can reflect their ability to use the Internet as an effective distribution channel. Hence, we considered as
dependent variables also industry dynamism and the revenue share of high-growth enterprises.

2.3

Industry-level effects of ICT-based innovation and relevant country-level
factors: the case of Italy

For innovation studies on ICT and their competitive impact, Italy represents a European context that is
profoundly different from the US, where the majority of studies on the business value of ICT have been
taken place.
Several comparative statistics depict for Italy a less favourable terrain for ICT penetration. Italy has a
low percentage of ICT investment – 11.3% of total non-residential gross fixed capital formation – as
opposed to 32.14% of the US and 25% of the UK and Sweden (OECD, 2017). This is due to the fact
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that Italy has an economic structure based primarily on manufacturing industries and small and medium
enterprises, which explains its difficulties in accessing international markets: in fact, Italy is the fifthlargest manufacturer in the world, but it is “only” the seventh exporting economy (OECD, 2013a).
Hence, for many sectors ICT might be hardly leveraged to address opportunities of business growth
existing in foreign markets. The international research on management practices made by Bloom and
Van Reenen (2007) reveal for Italy a low level of management practices, especially among SMEs. In
addition, the educational conditions are not favourable to rapid ICT penetration since the number of
graduates and investments in education and continuous training are fairly below the OECD average
(OECD, 2013b). Finally, Italy has been more severely hit by the economic recession between 2008 and
2013 and this has been shown to have increased “within” industry heterogeneity in performance
(Landini, 2016)
Despite this average unfavourable situation for the diffusion of ICT-based innovation, Italy has a number
of highly innovative firms on the efficient “frontier” of productivity, an international business scope,
and a wide domestic base of revenue and employment. This happens in industries like car-making (e.g.,
FCA), aerospace (e.g., Leonardo), food (e.g., Barilla and Ferrero), gas and electrical utilities (e.g., Eni
and ENEL), luxury goods in textile, apparel and leather products (with plenty of firms with world-class
capabilities in product design and international marketing). OECD studies (e.g., Andrews et al., 2015)
show that in any developed country for such “frontier firms” technological innovations and advanced
management practices are spreading more rapidly across countries than they are within them. Thus, the
gap between an elite US firm and an elite Italian firm is narrowing even as the gap between an elite
Italian firm and its haggardly compatriot is expanding. Frontier firms may also push their domestic
suppliers towards more investments in ICT integrating their supply chain. The spillover of knowledge
and new operational practices from frontier firms to their suppliers may be slow. This fact can reinforce
industry heterogeneity, especially when sectors increase their investments and spending in ICT.
The existence of highly innovative frontier firms and of less innovative and worse managed firms within
the same sector implies a situation of high heterogeneity, which may also involve ICT-based innovation
and ICT-related capabilities. In such context, the effects related to ICT spending on industrial and
competitive dynamics can be puzzling and are worth of investigation. Specifically, high spending at the
industry-level in ICT may imply for the sector a high effort in ICT-based innovation and in doing new
things. Given the high heterogeneity existing at the industry-level, not all the firms – in countries like
Italy – may cope with this challenge.
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3

Hypotheses

The fact that in industries characterized by a higher spending in ICT are expected to have a higher
strategic dependence on ICT implies that in these settings firms may more likely use ICT-based
innovations for broadening their repertoire of competitive actions (Sambamurthy et al., 2003).
Specifically, in industries where products, services and processes can be powered by digital technologies
have increased possibility to rapidly scale up operations and revenue – due to the low marginal costs in
replicating information – (Brynjolfsson et al., 2008), to expand their operations in foreign countries
(Malhotra and Temponi, 2010) and to support product innovation and collaboration with partners (David
et al., 2003) – even in sectors that have been traditionally unrelated to the one of the focal firm. At the
international level, evidence of this trend can be observed in how digital platforms such as Google and
Amazon reapplied their core competences by entering a multitude of markets (e.g., publishing,
advertising, media, smart appliances). In countries like Italy, this can be the case of the utilities industries
that in the last years have intensified their ICT spending to seize the opportunities of enlarging their
bundle of services towards new markets like Internet provisioning, electric mobility solutions and smart
home services (Porter and Heppelmann, 2014; Iansiti and Lakhani, 2014). The same could be applied
in sectors like luxury goods (with wearable applications), car making and appliances (connecting them
through IoT architectures).
These mechanisms imply that sectors with more intensive spending in ICT are more likely to be
munificent environments that present opportunities for business expansion in existing and new markets
and in markets that are rich in slack resources through which firms – even the less efficient ones – can
pursue growth (Keats and Hitt, 1988). Therefore, a condition of high spending in ICT in an industry can
be associated with higher levels of munificence in the industry.
Thus, we posit what follows:
H1. A condition of high spending in ICT in an industry is associated with a higher
munificence (i.e., growth in industry revenue).
Higher extent of spending in ICT at the industry-level may be associated with higher market
concentration within the industry, since some firms cannot easily replicate the ICT-based initiatives
introduced by leaders in ICT use (McAfee and Brynjolfsson, 2008). There are asset stock accumulation
dynamics (Dierickx and Cool, 1989; Eisenhardt and Martin, 2000) and time compression diseconomies
(Rumelt, 1984) that hinder followers from bridging the gap in ICT use separating them from leaders by
simply accelerating the pace of annual expenditures on ICT. This can be particularly evident in a country
like Italy where the majority of firms in many sectors are characterizing by low management practices
and human capital (Arrighetti et al., 2014). In other words, the ICT adoption process is cumulative and
the opportunities for innovation enabled by ICT are path-dependent and firm-specific (Franklin et al.,
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2013): the foundation of resources and capabilities already accumulated by a firm influences the
marginal costs and the returns of adopting an additional ICT resource (Knott et al., 2003). Thus, although
many technologies are readily available to firms on the open market, the need to predicate new ICT
purchases on existing resources explains the response lag of competitors in replicating the resource
portfolio of leaders in ICT use (Neirotti and Paolucci, 2007).
A second element favouring market concentration is due to the ambivalent impact that ICT can have a
on a firm’s strategic agility. ICT can hinder agility in firms that are poor in ICT management capabilities
or in human capital (Lu and Ramamurthy, 2011), since ICT can ossify business processes rather than
making them more agile and easy to reconfigure. Past studies (Sambamurthy et al., 2003; Overby et al.,
2006; Lu and Ramamurthy, 2011) have also shown that high ICT spending in the face of change and
uncertainty reinforces the current underlying patterns and logic in managerial and organizational
routines when firms lack the competences to manage ICT-based innovations. This leads to unintended
firm rigidity in responding to radical environmental changes (Lu and Ramamurthy, 2011). At the
industry-level, the consequence of the fact that ICT can be a driver of strategic agility for some ICTsavvy companies and a driver of rigidity for other firms can be reflected in increasing market
concentration, as ICT-savvy companies are able to take advantage of ICT to enter new businesses and
serve new unexplored customer needs. As such, sectors where more ICT spending is needed are more
likely to be dominated by a restricted tier of firms that have sustained high fixed costs for developing
their platforms and brands online and can now leverage their data, brand and competencies to enter a
multitude of new businesses and to exploit network economies in information exchange.
Another reason for market concentration lies in the ability of larger firms to encode operational best
practices in information systems such as Enterprise Resource Planning (ERP) or Customer Relationship
Management (CRM), and to replicate them across their operational units. This allows firms to achieve
an operational predominance due to superior efficiency or organizational effectiveness in many market
segments at the same time (Brynjolfsson et al., 2008).
Thus, we expect the following:
H2. A condition of high spending in ICT in an industry is associated with a higher
concentration of sales revenue.
The increased market concentration favored by high spending in ICT may be accompanied by a process
of increasing dispersion in profitability at the industry-level. Specifically, asset stock accumulation
dynamics (Dierickx and Cool, 1989; Eisenhardt and Martin, 2000) and time compression diseconomies
(Rumelt, 1984) may hinder followers from bridging the gap in ICT use separating them from leaders by
simply accelerating the pace of annual expenditures on ICT. This is more likely when in a sector,
institutional pressures toward investments in specific fields (ICT, in our case), increase. Under such
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circumstances, institutional theories explain that mimetic, coercive and normative mechanisms are likely
and may leave firms to accelerate the rate of investments in technologies even when they do not rely on
pre-existing complementary capabilities. Therefore, divides in profitability may increase.
Also, the technical and organizational complexity of ICT-initiatives requiring higher ICT spending and
the ambivalent nature of ICT as a resource that enhances agility in some firms and hinders it in others
implies that sectors approaching higher investments in ICT may become more amenable to seeing
profitability divides with the increasing spending in ICT.
Thus, we may expect the following:
H3. A condition of high spending in ICT at the industry level is associated with greater
profit dispersion within the industry.
Despite an expected high level of market concentration and profit dispersion, a high level of turbulence
can characterize industries with higher spending in ICT. Specifically, dominant positions cannot be
maintained over the long term due to the low sustainability of competitive advantages based on ICT.
This occurs for a variety of reasons. First, sectors with a high penetration of the Internet exhibit high
price competition, lower barriers to entry and more competition from substitute products (Porter, 2001).
Second, the evolving nature of ICT implies a higher level of turbulence in technology and then in market
conditions, since firms can always deploy the “next big thing”. As we mentioned above, in the last
decade, technology evolution in ICT has included new enabling technologies such as IoT, Big Data,
artificial intelligence, cloud computing, additive manufacturing and distributed ledgers. It is unlikely
that all the firms that have dominated an era of ICT can still maintain their dominant position in the
following one. At the international level, this has been, for example, the case of Yahoo!, which has been
displaced by Google in the industry of content distribution and advertising, by Apple in music
distribution, which now risks being displaced by other players whose value proposition lies in online
streaming (e.g., Spotify), by television networks that have been first disrupted by on-demand satellite
television channels (e.g., Sky) and then by over-the-top platforms like Netflix and Amazon. In a country
like Italy where the “average firm” exhibits limited capabilities of ICT-based innovation, turbulence can
be driven by the fact that not all the leaders in a sector can successfully cope with an intensification of
the spending in ICT occurring at the industry-level and with increased market contestability brought by
Internet-based business models. Hence, part of these incumbents can lag behind international
competitors with superior capabilities in developing and fine-tuning Internet-based business models.
This might happen, for example, in sectors like retail and grocery - where “national champions” can be
disrupted by the entrance of players like Amazon - newspapers and publishing, where again Amazon
and the digital book are disrupting the entire value chain.
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At the firm level, these trends imply that ICT can offer firms an avenue for new competitive actions
(Sambamurthy et al., 2003), which at the industry-level result in a greater level of turbulence and into
trends of creative destruction and paradigm shifts.
The other argument in favour of a high level of turbulence characterizing industries with high
information intensity is the fact that ICT-based innovations are characterized by weak appropriability
regimes, that favour the observability and the imitability of innovation and also “inventing around”
phenomena (Björkdahl, 2009). This can increase the hyper-competitive natures of sectors with high
spending in ICT.
Based on these considerations, we offer the following hypothesis:
H4. A condition of high spending in ICT in an industry is associated with a higher level of
turbulence (dynamism).
The higher expected level of turbulence in sectors with a higher spending in ICT may also go hand-inhand with a process of growth for small enterprises and entrepreneurial firms. High-growth phenomena
for such organizations can be the consequence of distinct mechanisms. First, in sectors with more
spending, some new entrants can use digital technologies to alter their way of doing business in the
sector and the distribution of market shares in the industry and can thus bring a phase of creative
destruction. Second, due to their high specialization, small and medium-sized enterprises can become
“complementors” of web platforms like Amazon and Google and can exploit the growth of platforms to
their advantage. Third, the more a sector start investing in ICT, the more likely can be co-specialization
phenomena between the established firms’ competencies and new digital startups that can support the
former in embracing digital logics. This can be the case of software companies in the textile industry to
support apparel makers in embracing e-commerce logics.
In sum, based on these considerations we may expect what follows:
H5. A condition of high spending in ICT in an industry is associated with a higher rate of
high and medium growth enterprises.
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4
4.1

Empirical Methods
Data

Our empirical analysis is based on representative industry-level data on national accounting statistics
collected from the Italian Bureau of Statistics (ISTAT) and an aggregation of firm-level data from
AIDA, a Bureau Van Dijk dataset that collects financial report data on all the Italian enterprises. We
built this dataset specifically for this study and we took into account industries at the three-digit level of
ATECO (Classification of Economic Activity) code1. Since January 2008 ISTAT has adopted the new
Ateco 2007 Classification of Economic Activities. The migration of economic statistics to the new
classification follows a specific calendar for individual statistical surveys and the same for all EU
countries. This classification is the national version of the European nomenclature, NACE Rev. 2
(Nomenclature of Economic Activities). Our final data set for this study consists of 231 industries and
more than 1.3 million firms for which complete data on key variables of interest were available from
2008 to 2014. Appendix A provides the ATECO classification and the description of the 231 industries
considered in this study. We captured industry-level data on the full range of aspects related to
innovation available on ISTAT as well as on general firm characteristics and economic performance
available on AIDA. Industry-level data on ICT spending before the 2008 and after 2014 were not
available from ISTAT.

4.2

Variables

ICT spending as a proxy of process and product innovation. In the Community Innovation Survey
(CIS) – used for firm-level studies – is stated that process innovation refers to any first-time introduction
to a new or improved technology for the production of goods or services. Accordingly to the CIS and
coherently with the Oslo Manual (OECD, 2005), which focuses on technology-related process
innovation and distinguish it from purely organizational changes, we construct for this industry-level
studies the proxy for process and product innovation as the ratio between ICT spending and sales
revenues (Stiroh, 2002) estimated at the industry-level from 2008 and 2014 by ISTAT. Few industrylevel studies have offered a quantitative measure of ICT investments and instead adopt a binary variable
based on previous taxonomies (e.g., Porat and Rubin, 1977) to capture the information intensity of the
industry.
Table B1 in Appendix B summarizes the definitions, operationalizations and the main references for all
variables.

1
Banks, insurance firms, and other financial service firms were excluded from the analysis due to the difference in their
accounting schemes.
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-------------------------Table B1 about here

-------------------------The majority of these measures have been widely used in IS research and innovation studies
investigating the value of ICT and in some cases – such as dynamism, munificence, industry
concentration and profitability dispersion – have their roots in strategic management research. Instead,
to the best of our knowledge, both the rate of high-medium growth enterprises and the revenue share of
high-medium growth enterprises in an industry have not been taken into account in IS research and
innovation studies, due to the limited number of industry-level studies in this field. These measures were
taken by studies on entrepreneurship investigating the phenomenon of small firms registering rapid and
significant trends of growth in revenue (OECD, 2012). In this regard, OECD defines high growth
enterprises (i.e., “gazelles”) those firms with average annualized growth in turnover greater than 20% a
year (10% for medium growth enterprises), over a three-year period, and with ten or more employees at
the beginning of the observation period. Coherently with this definition, the incidence of high-medium
growth SMEs in the industry structure was operationalized as the number of high-growth and mediumgrowth enterprises that could be defined as “gazelles”.
Control variables. In estimating the effects of ICT spending on industry dynamics we checked for other
variables that can affect the dependent variables under analysis. First, the year variables were used to
take into account the economic cycle and in particular the economic crisis in the period between 2008
and 2014. Second, we took into account the number of firms in the industry, given its expected influence
on the level of turbulence, munificence, market concentration and SMEs’ presence shown by an
industry. Also, the number of firms is expected to affect the diffusion process of ICT. In industries with
a high number of enterprises, the diffusion of ICT solutions may take a longer time to involve the late
majority (Moore, 1991) since there is a higher number of enterprises that have to be “infected” by the
diffusion process and many of them are smaller and thus face more obstacles to innovation adoption.
Therefore, sectors with a higher number of enterprises may show a less evident impact of ICT on
outcome variables like munificence and industry turbulence.

4.3

Econometric Analysis

Estimator and instruments. To avoid concerns related to endogeneity (Wooldridge, 2002) and to
control for all the other factors related to industry characteristics and structural changes that may
influence the competitive dynamics and the innovation process, we apply two-stage least squares
instrumental-variables (IV) estimators based on panel regression models with industry time and fixed
effects. In this setting, the IV regressions cover the fixed-effects case which takes care of time-invariant
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unobserved effects (Wooldridge, 2002). Also, we considered Huber-White robust standard errors (i.e.,
robust to heteroskedasticity and autocorrelation) in all our models.
The instrument set was chosen based on earlier studies that identified the lagged versions of endogenous
variables (i.e., ICT spending) as suitable instruments (Brynjolfsson and Hitt, 1996; Mithas et al., 2012).
ICT spending cannot be expected to have an instantaneous effect on competitive dynamics, and therefore
we lagged their impact to mitigate the endogeneity of this measure (Caroli and Van Reenen, 2001).
Also, it is to be expected that a high share of qualified employees and training investments increase the
impact of ICT spending (Zwick, 2003). In this regard, previous studies suggest that human capital
increases the estimated impact of ICT spending (Bresnahan et al., 2002) by demonstrating that the
interaction terms between ICT spending and worker skills – as well as between ICT spending and
reorganizations – are positive and significant. Thus, human capital characteristics – operationalized as
the ratio between labour costs (which considers wages and training activities) and the number of
employees – are taken account of. This allows us to avoid omitted variables bias, unobserved
heterogeneity (i.e., firms with ICT investments that might have been more “information intensive” than
their competitors before investing in ICT technologies) and endogeneity of ICT spending (i.e., firms
with the best relation between ICT investments costs and benefits that were most likely to invest in ICT).
In sum, the instrument set for the once-lagged values of the ICT spending (Brynjolfsson and Hitt, 1996;
Mithas et al., 2012) consists of the once-lagged and twice-lagged values of human capital industry’s
characteristics. All instruments pass the underidentification test (i.e., explain a substantial portion of the
variance of the endogenous variables) and specifically the Kleibergen-Papp test (Kleibergen and Paap,
2006) results in an LM statistic of 1.361 (p < 0.001) for Model 1 and 1.348 (p < 0.001) for all the others.
All instruments pass the underidentification test resulting sufficiently correlated with the endogenous
variable. Also, all instruments pass the overidentification restrictions resulting not correlated with the
error term (Baum 2006). In particular, as we present heteroskedastic-robust estimator, we conduct the
Sargan / Hansen J statistic (Arellano et al., 2012). It reports value of 0.265 for Model 1 and 0.743 for
all the others indicating that the null hypothesis is not rejected. Thus, our instruments are valid.
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5
5.1

Findings
Descriptive Statistics and Hypotheses Validation

Table B2 in Appendix B presents descriptive statistics of the key variables.

-------------------------Table B2 about here

-------------------------Table B3 in Appendix B presents the results of the two-stage least squares instrumental-variables (IV)
estimators based on panel regression models with industry time and fixed effects. All seven regression
models have the same dependent variable (i.e., ICT spending) – except for Model-1 (Column 1) that
also takes in the lagged value of the revenue growth rate. All the models include the full control vector
as discussed in the methodology section.
In Hypothesis H1, we posited that “a condition of high spending in ICT in an industry is associated with
a higher munificence (i.e., growth in industry revenue)”. Model-1 (Column 1) shows that the coefficient
of the revenue growth rate is positive and significant (coefficient = 2.3785, p < 0.05) providing some
first evidence of support for H1. Model-2 (Column 2) corroborates this result showing a positive and
significant effect of the ratio between ICT investments and industry revenue on industry munificence
(coefficient = 62.3372, p < 0.05). Therefore, H1 is supported.
Hypothesis H2 predicted that “a condition of high spending in ICT in an industry is associated with a
higher concentration of sales revenue”. Model-3 (Column 3) shows a positive and high significant effect
of ICT spending on industry concentration (coefficient = 8.7591, p < 0.001). Thus, H2 is supported.
In Hypotheses H3 we posited that “a condition of high spending in ICT at the industry level is associated
with greater profit dispersion within the industry”. Model-4 (Column 4) shows a positive and significant
effect of ICT spending on the profit dispersion within the industry thus supporting H3 (coefficient =
6.1654, p < 0.05).
Hypothesis H4 predicted that “a condition of high spending in ICT in an industry is associated with a
higher level of turbulence (dynamism)”. Model-5 (Column 5) shows a positive and significant effect of
ICT spending on the level of industry turbulence (coefficient = 34.9938, p < 0.01). Therefore, H4 is
supported.
Finally, in Hypothesis H5 we posited that “a condition of high spending in ICT in an industry is
associated with a higher rate of high and medium growth enterprises”. Model-6 (Column 6) shows that
the coefficient of the rate of high-medium growth enterprises is negative and partially significant
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(coefficient = -17.3550, p < 0.10) providing some first evidence of reject for H5. Model-7 (Column 7)
probes this result showing a negative and significant effect of ICT spending on the revenue share of
high-medium growth enterprises (coefficient = -7.5809, p < 0.05). Thus, H5 is not validated.

-------------------------Table B3 about here

--------------------------
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6
6.1

Discussion
Main Findings

This study investigates the effects of ICT spending on competitive dynamics for a large and
representative Italian industry-level panel data set. Our model is tested on a seven-year panel (20082014) of 231 Italian industries and more than one million firms using two-stage least squares
instrumental-variables (IV) estimators with industry time and fixed effects.
The results suggest a bi-directional causality between the ICT spending and the industry competitive
environment. Specifically, our results suggest that munificent industries and higher ICT spending are
interrelated facts, showing that in sectors with more growth opportunities firms invest more in ICT.
Higher spending in ICT also leads to higher industry concentration, greater profit dispersion and higher
competitive turbulence in the sector. Also, the paper shows that in industries with more spending in ICT,
SMEs and start-ups can rarely take advantage of their ICT-based innovation to start high-growth
phenomena.

6.2

Research Implications

Prior research in this area has focused on how ICT creates value by favouring product innovation
(Pavlou and El Sawy, 2006), process innovation (Benner and Tushman, 2003), productivity growth
(Brynjolfsson and Hitt, 1996; Bharadwaj, 2000) and profitability (Sambamurthy et al., 2003; Mithas et
al., 2012). However, there has been little quantitative analysis of how these effects impact on industrylevel dynamics (Wade and Hulland, 2004; Chiasson and Davidson, 2005).
This study provides an attempt to close this gap by extending and enriching the results of recent literature
which found evidence of higher dispersion in performance (Brynjolfsson et al., 2008; McAfee and
Brynjolfsson, 2008; Faggio et al., 2010) and increased market concentration (Brynjolfsson et al., 2008)
due to ICT spending in the US and UK. Such evidence may not be necessarily generalized in countries
where the diffusion of ICT-based innovation is slower due to differences in innovation regimes and
where the economic environment has provided more limited opportunities of business growth compared
to countries that have had a faster recovery from the industrial crisis of 2008 (e.g., Germany, the US and
the UK). Italy is an example of such context and provided the setting of our research. Compared to this
stream of studies, we provide new evidence that ICT spending generates growth phenomena at the
industry-level that involves a limited tier of more innovative companies. In such tier - contrary to
expectations - small firms are less likely to enter, since our data shows that high-growth phenomena of
entrepreneurial firms and SMEs are less likely the more an industry spends in ICT (coefficients of Model
6 and Model 7 in Table B3 in Appendix B are negative and statistically significant). Our novelty aspect
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is also related to the wider number of sectors we have taken into account compared to past research: our
data cover the industry structure of a whole economy and includes also service industries, which have
been overlooked by the majority of past studies (e.g., Reichstein and Salter, 2006; Tambe et al., 2012;
Acemoglu et al., 2014; Trantopoulos et al., 2017) on the business value of ICT that focused on specific
segment of industries (e.g., only manufacturing) or firms (e.g., only large and global).
Taken together, these results extend the evidence that ICT provides firms with a greater number of
competitive actions and digital options (Sambamurthy et al., 2003), by showing that these effects lead
to higher revenue growth at the industry-level even in countries like Italy where the economic cycle has
seen a slower recovery from the crisis occurred in 2008. However, such growth phenomena due to ICT
are pulled by a limited percentage of large and well-established enterprises which does not typically
include startups and small firms. This might be the consequence of the weaknesses that the industries of
venture capital funds, startup accelerators, private equity funds have in Italy in providing support to
entrepreneurial firms and SMEs, respectively. This is an Italian peculiarity that has been extensively
reported in studies of the last decade (Hall et al., 2013; Colombo et al., 2007; Malerba, 2006). The
limited entrepreneurial and high-growth phenomena related to high ICT spending in an industry also
contributes to understanding the nature of disruption related to digital transformation in countries like
Italy. The highest turbulence occurred in industries with higher ICT spending seems related to a limited
tier of large enterprises rather than by entrepreneurial firms that have been able to apply new business
logics or new product/service architecture in the industry. Rather, disruption could be triggered by
foreign players (like digital platforms) that can enter the domestic market in Italy with a limited base of
direct investments. We better discuss this topic later on when we address the limitation of our study.

6.3

Implications for practice

Our study has relevance for managers involved in ICT-enabled innovations and policy-makers involved
in building programs to foster innovation. Specifically, our evidence of high turbulence (i.e., dynamism)
in industries associated with high ICT spending suggests managers that the returns of their ICT
investment initiatives can be lower over the long term in such industries. In this vein, our results
reinforce the idea of high competitive uncertainty and weak appropriability regimes existing around
ICT-based innovations, recalling the importance for managers - in “information intensive” sectors - to
assess the return of their digital innovation initiatives on a short time interval. Also, our results serve to
inform entrepreneurs that high-growth phenomena based on digital strategies are less likely to occur in
countries like Italy that provides less institutional support (e.g., funding) to startups. A similar
conclusion can be drawn also for managers of SMEs, given the high market concentration associated
with higher spending in ICT. By contrast, our findings suggest the less industries invest in ICT, the more
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firms can potentially extract higher returns from their ICT initiatives, as recalled by recent studies
(Neirotti and Paolucci, 2014).
Our results also suggest the threats that an increasing rate of ICT spending can imply for firms that do
not own the precondition for such investments (i.e., complementary investments in human capital) when
normative and coercive pressures arise at the industry-level. In fact, our evidence shows increasing
profitability divides when an industry increases ICT spending.
Based on our results, policy-making can infer that initiatives aimed at foster digitalization and ICT
investments should not only look at encouraging spending in ICT (with the means of tax aids) for
startups and SMEs but should sustain their business growth with dedicated measures for fostering
entrepreneurship, the acquisition of crucial resources (e.g., human capital), and the support in the
exploration of how disruptive digital technologies can be applied (e.g., through more collaboration with
research centres and universities). Except for this caveat, the results confirm the goodness of policies
(e.g., tax aids) aimed at encouraging ICT investments, by showing that ICT spending leads to high
growth in revenues at the industry-level. However, policy-makers should be aware of the facts that these
measures are not enough to limit increased heterogeneity and performance divides within industry. In
this vein, implementing responsible innovation policy – which has recently emerged as a new approach
in the context of ICT-based innovation (Martinuzzi et al., 2018) – requires collaboration of various
stakeholders in order to find sustainable solutions that can allow firms to stay competitive in a rapidly
changing world by assuring societal desirability of the innovation process and its marketable products
(Stahl et al., 2017). Our study serves to inform policy-makers about the importance of finding measures
that can support followers and laggards in ICT adoption, and especially firms with a poor endowment
of factors that are complementary to ICT investments. Therefore, policy needs to be sensitive to specific
industry-related factors - such as management practices and human capital - and industry-specific
challenges - such as tensions between the need to short-term profit versus long-term stability (Chatfield
et al., 2017). In doing so, policy-makers could build on our findings, and on previous knowledge from
the fields of responsible innovation, to extend beyond existing research governance and policy
instruments such as technology assessment, philosophy and ethics of technology and risk management
(Chatfield et al., 2017; Dreyer et al., 2017), thus developing new instruments to foster innovation at the
industry-level.

6.4

Limitations and directions for further research

In raising these points, our study has some limitations that are inherent in our research design and data
availability.
First, despite our data cover the industry structure of a whole economy, as an econometric study of a
single country will naturally be limited in its level of detail about the effects of ICT spending on
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industrial and competitive dynamics. Although our results should be tested against the Italian
background, this study opens doors to further research on the intersection between Information Systems
and innovation literature.
Second, due to our industry focus, we have not directly analysed the attributes and the diffusion of ICTbased innovation, but we have indirectly investigated their effects in industries associated with high ICT
spending. The lack of data on ICT-based innovation in our research is motivated by the fact that such
information is not available with a panel perspective on a broad array of industries, seen at the threedigit level of ATECO code. Future work should be thus addressed at capturing the effects of ICT through
a scale that operationalize the information content of the industry (i.e., ICT spending) and the field of
application of ICT in core processes. Given the paradigm shift in the competitive relevance of ICT that
may have been occurring after 2014 (i.e., ICT is becoming more pervasive also in less information
intensive contexts such as apparel, appliances, car-making, industrial machinery), the need for new
measures for ICT-based innovation may be particularly important for studies that will analyse the
business value and the competitive impact of ICT in more recent years. In this study, the lack of reliable
data on industry-level performance from national statistics impeded to observe competitive dynamics
after 2014. However, we may expect that the trends of dynamism and market concentration found in
this study may have become more intense in recent years and may have involved also more traditional
sectors that are now amenable to the “digital revolution”.
Third, part of our findings on turbulence and market concentration can be in part also affected by the
economic recession that started in 2008. Despite we apply two-stage least squares instrumental-variables
(IV) estimators with industry time and fixed effects which takes care of time-invariant unobserved
effects (Wooldridge, 2002) and we control for year dummy variables in our empirical models, some
results would have been more or less prominent in a period of “business as usual”. For example, the
crisis could have altered and mitigated the ability of firms to use ICT to create options for new
competitive actions, thereby resulting in a lower level of munificence for sectors associated with high
ICT spending compared to a hypothetical situation of economic stability. By contrast, the prolonged
economic recession could have generated higher turbulence, thereby reinforcing the inherent effect
related to industries associated with high ICT spending shown in this study.
Finally, part of the ICT effects on industry dynamics remains difficult to capture because it may be
invisible in national accounting statistics for two reasons. First, the output measurements at country level
do not take into account the revenue and the cost generated by some global players like web platforms,
since these firms can provide services in the country from the “cloud” and with no need of a local
presence in the sale of ICT-based services. Thus, a great part of their revenues produced at a local level
in a country like Italy may only partially enter into the national accounting statistics of the country.
Second, some new born-digital services have zero price and are thus invisible in the national statistics
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(Brynjolfsson and McAfee, 2014). They add value to the economy in the form of greater consumer
surplus but not to the GDP: as such they may not enter into national statistics. For example, free
messages and free calls like the services provided by WhatsApp instead of a traditional telephone service
can make billions of euros disappear from companies’ revenues and the GDP statistics.
Despite these limitations, this study enriches our understanding on the disruptive effects exerted by the
digitalization of the innovation process from 2008 to 2014 and provides a base from which to continue
the investigation of industrial change and competitive dynamics and how they influence the origin of
competitive advantages at the firm level.
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FIGURE 1

Figure 1 Different level of firm’s ICT spending at the industry-level.
Note: Each vertical bar represents the ICT spending of each individual firm in the industry. The grey area represents the overall ICT spending at the industry-level.
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APPENDIX A

ATECO (Classification of Economic Activity) classification and description of the 231
industries considered in the study.
Since January 2008 ISTAT has adopted the new Ateco 2007 classification of economic
activities. The migration of economic statistics to the new classification follows a specific
calendar for individual statistical surveys and the same for all EU countries. This classification
is the national version of the European nomenclature, NACE Rev. 2, published in the Official
Journal of 20 December 2006 (Regulation (EC) no 1893/2006 of the European Parliament and
of the Council of 20 December 2006).
https://drive.google.com/open?id=1m7kibCSwYZlX0uQzEUE_Ucv5A4Znr4RR
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APPENDIX B
Table B1
Table B1. Description, operationalization and main references of the key variables
Variable Name

Variable operationalization

Main
references

ICT spending

ICT investments on industry revenue between 2008 and 2014

Human capital

Total labour cost (which considers wages and training activities)
divided by the corresponding number of employees from 2008 and
2014

(Brynjolfsson
and Hitt, 1996;
Bresnahan et
al., 2002)

Revenue Growth

Logarithmic growth rate for the industry sales revenue between 2008
and 2014 (value deflated to 2008)

(Brynjolfsson
and Hitt, 1996)

Industry
Munificence

Industry total sales from 2008 to 2014 (value deflated to 2008 in
thousands of euros) were regressed on the year variable. Munificence
was thus calculated as the regression slope coefficient divided by the
average industry sales

(Dess and
Beard, 1984;
Stoel and
Muhanna, 2009)

Industry
Competition
(Market
Concentration)

Measure of industry concentration, following the procedure
described in Hou and Robinson (2006). The Herfindahl index for
industry j is measured as follows:
!"#$%&'ℎ)* ! =

- ."!#
"

Stiroh (2002)

(Hou and
Robinson, 2006)

where sij is the market share of firm i in industry j
Profitability
Dispersion

Interquartile range (IQR) in Return on Assets (ROA) between 2008
and 2014

(Brynjolfsson et
al., 2008)

Industry
Turbulence
(Dynamism)

Industry total sales from 2008 to 2014 (value deflated to 2008 in
thousands of euros) were regressed on the year variable. Dynamism
was thus calculated as standard error of the regression slope
coefficient divided by the average industry sales

(Dess and
Beard, 1984;
Stoel and
Muhanna, 2009)

Rate of High
Growth enterprises

High-growth enterprises (or “gazelles”) are enterprises with average
annualized growth in turnover greater than 20% a year, over a threeyear period, and with ten or more employees at the beginning of the
observation period. The variable takes into account the number of
firms falling in this condition over the total number of firms in the
industry

(OECD, 2012)

Rate of Medium
Growth enterprises

Medium-growth enterprises are enterprises with average annualized
growth in turnover greater than 10% a year, over a three-year period,
and with ten or more employees at the beginning of the observation
period. The variable takes into account the number of firms falling
in this condition over the total number of firms in the industry

(OECD, 2012)

Revenue share of
High-Medium
Growth enterprises

The revenue share of high-medium growth enterprises on the total
industry revenue

(OECD, 2012)
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Table B2
Table B2. Descriptive statistics
Variable Name

Obs.

Mean

Std. Dev.

Min

Max

ICT spending

1,576

0.0016

0.0038

7.47e-07

0.0851

Human capital (LOG)

1,588

0.0042

0.0138

0.0000

0.2659

Revenue Growth (LOG)

1,351

-0.0069

0.2089

-1.8206

1.7774

Industry Munificence

231

0.0797

1.7546

-6.5476

5.6952

Industry Competition
(Market Concentration)

1,617

0.1097

0.1452

0.0071

0.9286

Profitability Dispersion

1,617

9.6574

3.2890

2.5175

19.69

231

-0.1192

1.6635

-2.26684

7.3938

1,014

1.3894

0.6254

0.0000

3.0547

1.045

0.1654

0.1453

0.0000

1.0000

Industry Turbulence
(Dynamism)
Rate of High-Medium
Growth enterprises
Revenue share of HighMedium Growth enterprises

32

Table B3
Table B3. IV two-stage least squares regression models with industry time and fixed effects, 2008-2014

Regressors

Model-1

Model-2

Model-3

Model-4

Model-5

Model-6

Model-7

H1

H1

H2

H3

H4

H5

H5

Revenue
growth
rate

Industry
Munificence

Profitability
Dispersion

Industry
Turbulence
(dynamism)

Rate of

Market
Concentration

Revenue share

high-medium

of high-medium

2.3785*

62.3372*

8.7591***

6.1654*

34.9938**

-17.3550†

-7.5809*

(0.0758)

(8.9220)

(7.5110)

(1.3401)

(9.0523)

(3.5375)

(2.9443)

0.0028

-0.0031

0.2400†

-0.1521**

-0.0691***

(0.0133)

(0.0050)

(0.1221)

(0.1492)

(0.0107)

0.0653***

-0.0065

0.8487***

-0.1358**

-0.0642***

(0.0126)

(0.0051)

(0.1217)

(0.0500)

(0.0108)

0.0620***

-0.0097**

0.6177***

-0.0055

-0.0741***

(0.0124)

(0.0048)

(0.1218)

(0.0496)

(0.0107)

0.0403*

-0.0134***

0.6747***

-0.1257†

-0.0563***

(0.0126)

(0.0064)

(0.1229)

(0.0236)

(0.0254)

growth
enterprises

growth
enterprises

ICT spending

Year dummy
2011
Year dummy
2012
Year dummy
2013
Year dummy
2014

0.2131***

-0.5121*

-0.0257

0.9115†

0.0356†

0.3790***

-0.0198***

(0.0481)

(0.0814)

(0.0223)

(0.4814)

(0.0662)

(0.0223)

(0.0048)

0.6564***

0.1026†

0.0070

-0.2731

-0.1438†

-0.2829**

-0.0401***

(0.0295)

(0.1816)

(0.0131)

(0.2953)

(0.1553)

(0.0546)

(0.0118)

1.2857***

1.4981*

0.1451**

2.2305

0.3572*

0.4693***

0.3003***

(0.6496)

(0.5998)

(0.2566)

(3.7922)

(0.4410)

(0.1101)

(0.0239)

Observations

1109

231

1110

1110

231

764

789

adj. R2

0.5255

0.3865

0.2631

0.2987

0.3354

0.3563

0.2466

Number of
firms
(LOG)
Industry
revenue
(LOG)
Lagged values
of the growth
rate variables

Constant

0.4209***
(0.0217)

Notes: Robust standard errors (in parentheses) are clustered at the industry level (i.e., robust to heteroskedasticity
and autocorrelation). Instrumented: Once-lagged ICT spending on revenue. Instruments: Once-lagged and twicelagged values of Human capital, Year dummies, Number of firms (LOG), Industry revenue (LOG).
†

p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001
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