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ABSTRACT  

Advances in digital technologies are transforming the way in which firms function, how they are 
structured and the manner in which they compete in the global economy. The following paper 
contributes to our understanding of digital technology usage by assessing changing patterns in the use 
of specific types of hardware and software and identifying the extent to which various plant 
characteristics and policy environments correlate with ICT investment. The results suggest notable 
changes in the use of a number of digital technologies across countries between 2000 and 2012. A 
range of establishment-level determinants appear to be important for hardware and software 
investment including size, being in a knowledge intensive sector and if the establishment is the 
headquarters of a firm. The effects of policy measures however are markedly different across various 
ICTs. Heterogeneity in the effects of policy indicators on a number of ICTs suggest a reconsideration 
is needed regarding the relevance of traditional aggregate policy measures for digital technology use.  
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EXECUTIVE SUMMARY 

The evolutionary progress of digital technologies has transformed the way in which firms 
function, how they are structured and the manner in which they compete in the global economy. 
Despite the perceived importance of ICT use, considerable differences exist in the adoption of these 
technologies across countries. Such differences can quickly become exacerbated since the diffusion of 
digital technologies appears to be occurring at a faster rate in recent years. This is particularly relevant 
to policy makers since disparities in ICT use between countries are thought to contribute to the 
divergence in aggregate productivity growth (Van Ark et al 2008). It is, not surprising that 
governments around the world are enacting policies to encourage firms to implement emerging 
technologies. A recent survey by the OECD (2015c) for example found that 27 out of 34 surveyed 
countries had or were enhancing an overarching digital strategy which included product and labour 
regulations, access to credit, broadband infrastructure and so on. 

Most policy and empirical research however relies on an aggregate measure of ICT investment. 
The use of aggregate ICT measures to assess changes and trends of technology adoption is likely to 
mask the churning of distinct forms and bundles of ICT usage over time. Since future production is 
expected to be driven by the convergence of distinct types of hardware, software and ICT services, our 
understanding of technology needs to be based not only on an aggregate sum of investment but also 
disaggregated measures of digital technology at the micro level. 

In addition, while researchers have identified a number of determinants for ICT use over the 
years, (including firm characteristics and policy environments) less is known as to whether these 
factors homogenously lead to greater technology use. In order to address these questions, the 
following paper exploits establishment level data which contains detailed information on hardware and 
software usage for roughly 250 000 entities across 19 countries from 2000 to 2012.   

The results suggest a considerable churning in the use of ICTs across countries over this period. 
For most countries, the average business uses both servers and PCs less intensively between 2006 and 
2012. This patter suggests a shift (long discussed within the computer literature) away from fixed to 
portable computing and from investing in hardware to renting hardware, or buying computing services 
(“cloud”). For software, the results are more heterogeneous across countries. For half the countries in 
the sample, establishments appear to be investing more in ERPs and database management systems 
between 2006 and 2012 and in other countries less.   

Establishment characteristics are generally consistent in predicting hardware and software use. 
Larger entities (both in terms of employment and those connected to multiple plant firms), those in 
knowledge intensive sectors and plants that are headquarters use more hardware and are more likely to 
adopt software.  

However, the effects of the policy measures are markedly different between hardware and 
software. Favourable labour market and entrepreneurial environments appear relevant for tangible 
ICTs (hardware technologies), but less so for intangible ICTs (software technologies). Software, 
unlike hardware, enables scale without out mass therefore traditional macro policy measures may be 
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less effective in determining intangible ICT use. This suggests that a single policy approach to ICT use 
may not result in the adoption of all types of digital technologies.  
 

Finally, the paper finds that the effects of policies are different across various types of firms and 
industries. For example, more favourable credit environments appear to induce greater investment in 
PCs and servers amongst younger plants than for older entities. More favourable EPLs result in greater 
use of servers in establishments in high-KIS sectors than those in low-KIS sectors. It therefore seems 
important for policy makers to consider the overall composition of firms within their country when 
selecting appropriate policies. Taking these nuances into account may not only increase investment but 
allow firms that are important for job creation and aggregate productivity to obtain essential inputs for 
growth.  

The paper clearly demonstrates that classical policy measures will likely require some 
reconsideration and may be less suited for investments in new types of ICTs. In addition firms 
increasingly shift from investing in hardware and software to purchasing ICT services or accessing 
open source software (freely available online) thereby creating more challenges for developing and 
implementing the right policy measures. Having a better understanding on the usage of ICT as a 
service and open source software across more countries will provide essential information to create 
indicators attuned towards the next generation of digitalisation.  
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DETERMINANTS OF DIGITAL TECHNOLOGY USE BY COMPANIES  

Timothy DeStefano and Koen De Backer 

1. The policy rationale  

Digitalisation has dramatically been changing how companies operate and compete in today’s 
global economy. Continual advances in information communication technology (ICT) are influencing 
the nature of production, the organisational structure of firms as well as their ability to interact with 
consumers and suppliers. For example, the progress in communication technologies has allowed 
companies to gain greater access to foreign markets and to fragment their production internationally 
within Global Value Chains (GVCs). More recently, growing real-time communication across devices 
has been facilitating automated decision making via the Internet of Things (OECD 2016a). The ability 
of firms to adopt these emerging technologies will thus directly influence their current and future 
global competitiveness (OECD 2016b).   

Unlike previous transformative technologies, digitalisation is happening very rapidly with 
adoption rates of ICT occurring much faster than in the past (Figure 1). While it took 35 years after the 
telephone was commercially available for 25% of the US population to adopt the technology, the 
diffusion of the internet and smartphones to reach 25% of the US population took roughly 7 and 3 
years, respectively. Faster rates of ICT diffusion and increased diversity and convergence of digital 
products and services means that it is particularly important for countries to have the right policies in 
place to incentivise adoption, otherwise they might quickly fall behind. Policy makers need to better 
understand the degree in which firms are investing in emerging (digital) technologies and identify the 
likely drivers of this digital use by firms.   

Figure 1. The Acceleration of Technology Adoption Over time 

Years until used by 25% of US population 

 

Source: Calculation based on Economist (2014) and US Census (2011).  
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Indeed, important differences in the adoption of digital technologies exist across countries.  
Figure 2 illustrates differences in ICT investment (including IT hardware, communication equipment 
and software) as a percentage of GDP and Gross Fixed Capital Formation. The intensity of ICT use 
found in countries like Switzerland, Czech Republic and Japan are roughly double that of the lower 
intensity users within the sample. This is particularly alarming to policy makers since disparities in 
ICT use, between countries are thought to contribute to the divergence in aggregate productivity 
growth (Van Ark et al 2008).   

Figure 2. ICT Investment by capital asset, 2013 

as a percentage of GDP and Gross Fixed Capital Formation 

 

Source: OECD Digital Economy Outlook (2015c). 

Digital use is in the first place a business decision; hence firm characteristics constitute a first – 
and most important - group of drivers of technology use by companies. For example, the nature of new 
technologies often favours large firms as opposed to small businesses or entrants. Digital technologies 
may trigger “winner takes all” dynamics that benefit a minority of leading frontier firms (OECD 
2015e and Brynjolfsson et al., 2008). Advances in information and communication technology have 
enabled large multinationals to coordinate and profit from complex and fragmented production 
networks (OECD and World Bank, 2015). Given the complexity of ICT, firms with greater human 
capital may also more effectively adopt and implement digital technology. In addition, the age of the 
firm may also be important for ICT use depending on whether the accumulation of knowledge or the 
cost to change (both prevalent in older firms) is more important for ICT use.  

Government policies and the broader competitive environment can also be hypothesised to 
determine digital use by companies. Previous OECD work has shown the importance of the policy 
environment for innovation and economic performance through the adoption of new technologies 
including general-purpose technologies (OECD, 2015e). Markets with considerable competitive 
pressure are thought to incentivise firms to invest in emerging technology in order to maintain market 
share and competitiveness (Conway et al (2006). Easier access to credit can allow firms to more 
effectively adopt new technologies that require considerable investment (Hall 2002 and Hall and 
Lerner 2010), particularly for SMEs and start-ups.  
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Flexible labour market policies help reduce the potential risk of exiting the market in the event of 
a macro shock, thereby allowing firms to make costly investments today (Bartelsman 2013). 
Moreover, the availability of broadband is found to be an important determinant for ICT use. A recent 
paper by DeStefano et al (2016) for example finds that firms with access to broadband increase their 
investment in a number of complementary hardware and software technologies. Gaining access to 
advanced internet technologies appears to increase the rate of return on certain types of ICTs and thus 
leads to greater investment of these technologies.  

An important observation however is that much of the policy and academic research on digital 
use relies on an aggregate sum of ICT capital stock. Relying on aggregate ICT measures however is 
likely to mask the churning of distinct forms and bundles of ICT usage over time. Directly related to 
this, it is also not clear if specific determinants (be it firm-level or policy drivers) homogenously lead 
to greater technology investment. One could assume that certain policies are more influential for the 
adoption of some ICTs than others. For example, the rate of broadband adoption may be influenced 
more by policies which improve access to the internet than policies which make it easier for firms to 
shed workers. In addition, policies meant to encourage ICT adoption by enhancing the skill and human 
capital of the labour pool may be more important for the use of ERPs (given the complexity of these 
systems) rather than inducing businesses to launch a website. Heterogeneity in the effects of policies 
on ICT use may to some extent explain the variation found in the diffusion of different technologies 
illustrated in Figure 3. 

Figure 3. Diffusion of selected ICT tools and activities in enterprises, 2014 

Percentage of enterprises with ten or more persons employed 

 

Notes: Supply chain management refers to the use of automated data exchange (ADE) applications. For countries in the EU 
Statistical System, e-commerce variables (online purchases and online sales) refer to 2013. For Australia, Canada, Japan and 
Korea, data refer to 2013. For Mexico and New Zealand, data refer to 2012. For Switzerland, data refer to 2011. Source: (OECD 
2015d). 

This paper aims to provide a better understanding of digital use by companies, by assessing the 
role firm characteristics and government policies play in the adoption of ICT technologies. And as 
future production is expected to be driven by the convergence of distinct types of ICT, digital use 
needs to be not only an aggregate sum of investment but also on individual types of technologies so as 
to capture the substitution and complementarity between technologies. In order to address these policy 
concerns, the paper exploits information on the use of individual ICTs at the establishment-level for 19 
countries. The report provides first a qualitative analysis on the change in the use of specific ICTs 
overtime. Second, a more formal empirical analysis is undertaken to identify the extent to which 
various firm characteristics and regulatory environments influence the use of each of these digital 
technologies.  
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Box 1. The Ci Technology Database 

The ICT dataset used for this paper comes from the Aberdeen Group (formerly known as Harte Hanks), 
which collects detailed information on ICT usage to sell to suppliers, and producers of IT goods and services 
such as IBM and Cisco. The dataset known as the Ci Technology Database (CiTDB) has also been used for 
economic analysis by a number of empirical papers on ICT and firm/industrial performance, such as Bresnahan 
et al (2002), Brynjolfsson and Hitt (2003) Bloom, et al (2014) and Bloom et al (2016) Forman et al (2014). 

The data is made up of a sample of large businesses across most industries of the economy (excluding 
the public sector) from 2000 to 2012. The cleaned sample used in this paper consists of roughly 250,000 
establishments. Both sectoral and regional variation of the data appears to be approximately consistent with the 
population of firms for a number of countries, including the United Kingdom. The Aberdeen Group surveys firms 
with 100 employees or more, therefore excluding SMEs and start-ups. The sample restriction however is made 
at the firm level, thus the CiTDB does contain establishments with less than 100 workers that are connected to 
a multi plant firm with more than 100 employees.  

The surveys are implemented annually, providing specific information on hardware and software use such 
as the number of computers and users, various forms of software such as business management systems, 
intranet infrastructure, IT personnel and so on. The CiTDB also contains a number of establishment-level 
characteristics, which are used to assess the relationship between establishment types and ICT use. These 
include size, (measured by employment) multi-plant (whether an entity is connected to a multi-plant firm), sector 
(high or low knowledge intensive sector), position within the firm (branch or headquarters) and age. 

For this paper, the types of hardware and software selected for analysis is based on both the technical 
function of the ICT and its perceived importance for firm performance. Equal emphasis is placed on both 
hardware and software since to date there is minimal policy and empirical assessment on cross-country 
software usage. In terms of hardware, the paper examines the use of PCs, servers, extensions and network 
lines. As for software, the project assesses the employment of ERPs, database management applications, 
innovation software, security and groupware software. Descriptions and sample statistics of the different 
hardware and software can be found in Appendix I & III. 

Due to the functionality of these types of technologies, hardware data are collected as a count, whereas 
for software, the dataset indicates whether or not an entity is using a particular program (0,1 dummy scenario).  
Give these differences, the descriptive analysis uses different methods for assessing hardware and software 
usage. Since we know the number of units for hardware units, we calculate an intensity measure by taking the 
average hardware units of plants in a country divided by average employment. For software however, we 
calculate the proportion of plants using a particular software within a country. 

 

In order to examine the effects of various regulatory environments on business ICT use, the paper 
draws on a range of data from the OECD and other institutional sources. Data on product market 
regulations (PMRs) in the telecom sector and employment protection legislation (EPL) measures come 
from the OECD. Measures of the ease of doing business and entrepreneurial environment originate 
from the World Bank, while those on governments' stance on ICT use and digital regulation come 
from the World Economic Forum (WEF).  

The sample period for the analysis ranges between 2000-2012 but varies based on data 
availability of the indicators (World Bank and WEF data start in years 2004 and 2007, respectively) 
and information on establishment ICT use for Eastern European countries (Czech Republic, Hungary, 
and Slovak Republic) is available from 2003. The data used in this paper consists of roughly 250 000 
privately owned entities across 19 countries and the sectoral coverage is around 40% in manufacturing 
and the remaining 60% in services.   

It is important to note from the beginning that this paper is exploratory in nature and while it 
provides greater detail into the specific types of ICT used across countries and establishments, there 
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are a number of shortcomings of using the CiTDB database. The prevalence of cloud computing in 
recent years enables firms to access to both hardware and software as a service which has led to a shift 
away from investing in these technologies (Van Ark 2016). Also, not all ICT employed within a firm 
is purchased but in fact is produced in-house. For example it is not rare for firms to design their own 
software, in order to carry out unique functions required by the business, which will not be accounted 
for in many ICT datasets. In addition, over time an increasing number of software packages are 
available free online, known as open source software. As the reputation and availability of open source 
software improves, it is reasonable to assume that firms will begin relying on these more. In fact, in 
recent years businesses have begun to embrace Linux operating systems as opposed to the more 
traditional providers (PC World, 2011). This shift from standard investment to open source is also not 
captured in many datasets. Finally, it is impossible to assess all types of digital technology use given 
the substantial numbers and unique varieties of ICT employed by firms. For the purpose of this 
analysis, technologies need to be categorized to some extent by similar functionality and therefore 
some detail may be lost in the aggregation.     

2. Trends in the digital use by companies  

2.1 Disaggregating ICT  

Much of our understanding of ICT usage across countries relies on an aggregate measure of ICT 
investment and/or capital stock. Such information is useful to policy makers, as it illustrates the 
variation in investment of ICT overtime (see Figure 2). What remains unclear however is what each of 
these bundles represents. Given the substantial differences in both the function and capabilities across 
types of hardware and software, a useful exercise would be to disentangle the types of ICT contained 
within each of these three technology bundle.  

Previous research shows that using disaggregated measures of digital investment is necessary for 
understanding the effects of ICT on firm performance (Bloom et al 2016, Garicano and Heaton 2010, 
Garicano and Rossi-Hansberg 2006). Different "bundles" of hardware and software will have very 
different implications for different outcomes, as different types of investment will act as substitutes or 
complements. Moreover the extent to which they are substitutes or complements will change over 
time.   

Since the CITDB contains a substantial range of ICTs used at the establishment level, hardware 
can be further decomposed into computing and telecom equipment including PCs, servers, extensions 
and network lines. Software, which represents for most countries the greatest portion of ICT 
investment, is broken down into five functional categories including ERPs, data management 
applications, innovation systems, security and groupware software.  

One of the difficulties however faced when classifying ICT is that some technologies contain 
multiple functions meaning they could be allocated to more than one classification. For example, 
ERPs are used to integrate real time business information regarding the main functions of the 
enterprise including in some cases, external communication. In such instances, ICTs are allocated to 
classifications that are related to the central function of the technology.  
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Figure 4. ICT Disaggregation 

 

 

 

2.2 Changes in ICT use over time 

2.2.1 PC Intensity  

Perhaps surprisingly, considerable heterogeneity in the intensity of PC usage (desktops+laptops) 
is observed across countries (see Figure 5). Finland, Luxembourgh, Sweden and Norway for example, 
use roughly one PC per employee, while the less intensive users like France and the United Kingdom 
however employ around 1 PC for every two workers. The majority of countries experienced a growth 
in establishment PC intensity from 2000 to 2006 with a decline six years later in 2012. In contrast, in 
Sweden, Finland, Belguim and the Netherlands , PC intensity continued to increase after 2006. 

One potential reason for the decrease in PC-intensity between 2006 and 2012 for most countries, 
is the subsitition between technologies where businesses are replacing some PCs with more mobile 
devices such as smartphones and tablets. A number of reports suggest for example that global PC sales 
are at their lowest levels since 2007 (the year Apple’s Iphone was released) partially influenced 
substantial growth in the demand for smart phones and tablets (McMillan 2016). A second explanation 
may be that firms are learning to use computers more efficiently through shared office planning and 
other changes in organizational structure. 
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Figure 5. PC per employee: 2000, 2006 and 2012 

 

Note: since hardware is an account variable in the CITDB, the above are listed as intensity measures. 

Source: Calculations based on CiTDB database. 

2.2.2. Server Intensity 

Many countries in the sample also witnessed a decrease in server intensity from 2000 to 2012 
(Figure 6). The trend in server usage is similar to PCs intensity, with firms using more servers per 
employees between 2000 and 2006, after which server intensity decreases in 2012. Some exceptions to 
these are Sweden, Finland, the Netherlands and Portugal which experienced a modest increase. 
Interestingly, 3 out of the 4 countries who experienced an increase in server intensity also saw a rise in 
PC intensity during the same period, suggesting the strong complementaritiy between these two types 
of hardware.  

Firms looking to increase server usage do so in order to enable greater file sharing within a 
department, hosting web based applications, provide resources to store files or a central location for 
additional processing power. However the decrease in server intensity illustrated in Figure 6 does not 
necessarily mean that firms are becoming less information intensive; again, the interpretation of the 
observed trends has to be done carefully. In recent years for example, the emergence of cloud 
computing enables firms to rent servers from a third party provider rather than investing in the 
physical infrastructure. The benefit of renting server space is that it can reduce the fixed cost of 
investing in the IT structure of the firm, allowing greater investments in other areas such as R&D, 
marketing and other activities of their core business objectives (Columbus 2013, OECD 2015c). 
Therefore as more and more businesses transfer to cloud computing, the usage of servers within firms 
is expected to decrease. A recent case study carried out by the Lawrence Berkley National Laboratory 
find that if US businesses would shift all their email activities from in-house servers to the cloud there 
would be a reduction in the number of servers from 3.5 million to 47 700 units, given that cloud 
providers use their hardware more efficiently (Masanet et al 2014). Examples such as this illustrate the 
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importance of having disaggregated measures of ICT investment, and understanding the extent to 
which different types of investment are complements or substitutes. 

Figure 6. Servers per employee: 2000, 2006 and 2012 

 

Note: since hardware is an account variable in the CITDB, the above are listed as intensity measures. 

Source: Calculations based on CiTDB database. 

2.2.3 ERP Software 

The proportion of entities using ERP systems across countries is markedly different, both across 
countries and over time. For some countries establishment adoption of ERP systems is over 80% 
whereas in other economies less than 40% of the plants are using ERPs systems. A majority of 
countries experienced an increase in the proportion of firms using ERPs from 2000 to 2006 followed 
by a subsequent decline in 2012. 1 

One potential reason for the decline in ERP use amongst plants towards the end of the sample 
period is the recent ability to access ERP applications again through the cloud. Rather than investing 
in the fixed costs of hardware to run the application and IT staff to install and maintain the system, 
firms can rent a tailored application on a third party server for a rental fee. Shifting from onsite ERP 
systems to ERP on the cloud may allow for considerable reductions in upfront cost for servers, IT 
personnel and so on (OECD 2015c). Continued improvement of the service as well as strong data 
protection by third parties may enable greater reliance on ERP cloud solutions further into the future. 
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Figure 7. Proportion of Establishments using ERP Software: 2000, 2006 and 2016 

 

Note: since software is an indicator variable in the CITDB, the above are listed as propensity measures. 

Source: Calculations based on CiTDB database. 

2.2.4 Database management software 

A considerable proportion of establishments across countries use database management software. 
In some countries like Austria, Sweden and Denmark, roughly 90% of the plants are using data 
management systems. Similar to ERPs, most countries experienced an increase in the proportion of 
data management software users from 2000 to 2006. For some countries, there has been little change 
in the usage of data management systems from 2006 to 2012 however for some economies there has 
been a considerable decline since 2006, for example Canada, Portugal, Spain and the UK.  

While firms can purchase a database management package from a software producer like Oracle 
and Microsoft, competitive options are also available free online. There are a number of popular open 
source database management alternatives including MYSQL, SQLite, PostgreSQL, MongoDB, 
CUBRID and so on. While commercially licensed data management systems are still used by a 
majority of firms, Finely (2015) suggests that the popularity of open source options has been growing 
overtime. This may result in continued substitution away from purchased to open software, which 
appears somewhat consistent with the trends highlighted in Figure 8. 
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Figure 8. Proportion of Establishments using Database Management Software: 2000, 2006 and 2012 

 

Note: since software is an indicator variable in the CITDB, the above are listed as propensity measures. 

Source: Calculations based on CiTDB database. 

In summary, the evidence shows the large differences in digital use across countries and over 
time. For many countries, the average plant increased their usage of hardware and software from 2000 
to 2006, while after this period a significant decrease in ICT usage is observed up to 2012. Part of this 
is most likely related to the economic climate with the effects of the financial/economic crisis 
influencing the degree ICT use from 2008. But part of the downward trend in digital use is structural, 
directly related to substitution between technologies; and very importantly in the most recent years, a 
move away from traditional investment in ICT to the acquisition of ICT as a service.  

Indeed, the prevalence of cloud computing in recent years enables firms to access both hardware 
and software as a service2 which has led to a shift away from investing in these technologies (Van Ark 
2016). A recent paper assessing the changes in ICT use across 25 OECD countries between 2000-2011 
finds economies shifting away from tangible investment in ICT to the use of digital technologies as a 
service (Marcolin, et al 2017). Figure 9 for example, illustrates a considerable divergence in ICT use, 
with increased reliance on ICT services over a similar period to our analysis, which appears to be 
consistent with the results discussed above.   
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Figure 9. Growth of deflated ICT investment and purchases, 2000-2011 

 

Note: ICT service purchases” stands for purchases of ICT services from ISIC rev.3 industry 72, while “Hardware purchases” 
stands for is the same for ICT equipment producing sectors ISIC rev.3 number 30, 32, 33. Data for purchases are available for 
2000, 2005 and 2008-2011 only (ICIO). Values are averaged across all countries and industries in the economy’s branch, the 
resulting average scaled to 1 in 2000. All figures are net of the purchases of ICT inputs by the sectors 30, 32, 33 and 72.  

Sources: OECD calculations based on OECD-WTO Inter-Country Input-Output data, OECD National Accounts Database, and 
World Input-Output Database.  

3. Determinants of digital use  

3.1 Firm Characteristics and digital usage 

Previous research suggests various firm characteristics may affect the use of ICTs by businesses, 
including firm size, human capital, age and location of the entity within the firm. This section starts by 
discussing why the following characteristics are likely to be important for technology use. After which 
an empirical estimation is carried out to assess the effects of various establishment characteristics on 
hardware and software use.   

3.1.1 Firm characteristics - variables 

Size 

The size of the firm has long been thought to be an important predictor of technology adoption 
however the empirical results are mixed. Larger firms tend to be more financially able to invest in new 
technologies relative to smaller firms who may face financial constraints. In addition, large firms are 
likely to have more knowledge based capital and more accumulated technology, making it easier for 
them to adopt emerging technologies (Gibbs and Kraemer 2004). ICTs may also favour multinational 
firms as advances in information and communication technology enable large multinationals to 
coordinate and profit from complex and fragmented production networks (OECD and World Bank, 
2015).  
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At the same time, the larger a firm becomes the greater its adjustment costs when implementing 
new technology. Businesses that are smaller may be quicker and more agile to adopt advanced capital, 
as their organization structure is more flexible in the event of a technological shock. Past research by 
Giunta and Trivieri (2007) and Fabiani et al (2005) find evidence to suggest that larger firms tend to 
adopt more technology whereas others such as Love (2005) and Teo et al (1997) find either no or a 
modest impact of firm size on adoption. Recent work by the OECD (2015b) also finds qualitative 
evidence of a strong relationship between ICT use and firm size and a number of ICTs.  

Human Capital 

Another characteristic found to be important with ICT use is the degree of human capital within 
the firm. Early on Bartel and Lichtenberg (1987) suggested that the cognitive ability of workers 
enables greater flexibility with the implementation and usage of new technologies. IT technology can 
be thought as a complementary asset to skilled workers and those with more training tend to be more 
proficient in using ICT. As a result, firms which employ higher skilled employees (such as university 
graduates) also use digital technology more than firms who employ workers with less academic 
training (such as high school education) (Bresnahan et al 2002).   

Recent empirical research finds that the effects of skill intensity on ICT use are different 
depending on the group of skilled workers and the type of technology (Haller and Siedschlag 2011). 
The share of management/technical staff and the share clerical employees results in a higher 
propensity to use a website, while the proportion of clerical workers statistically influences the 
propensity of firms to receive online orders. Moreover, the share of management/technical and clerical 
staff is positively related to PC intensity (computers per worker) but neither group appear to robustly 
influence turnover from online sales. The OECD (2015c) suggests that cloud computing adoption is 
higher for businesses which also employ other complex ICTs which require substantial human capital, 
such as consumer resource management, finance and accounting software as well as computing power.  

Age 

Firm age is thought to be an important determinant for the adoption of emerging technology in 
general, however its importance as a determinant to ICT has received little attention in the literature. 
Theoretically, firm age may either be positively or negatively related to technology adoption. For 
example, older firms may have greater amounts of accumulated know-how, potentially allowing them 
to adopt and exploit advanced technology more effectively than young firms. At the same time, the 
adjustment costs incurred when implementing new forms of technology may be more substantial for 
older firms. Mature firms for instance are likely to have more vintage assets which are not compatible 
with newer technologies (Baldwin and Rafiquzzaman 1998). Empirical evidence within the literature 
shows rather mixed results. Dunne (1994) finds little evidence of a statistically significant correlation 
between firm age and advanced technology adoption. Arvanitis and Hollenstein (2001) however find 
that age can be positively related to the adoption of advanced technologies when the firm is large, 
concluding that the know-how effects outweigh adjustment costs effects.   

Headquarters 

Another potential determinant of ICT adoption could be a plant's position within the firm, and 
specifically whether it is a branch office or corporate headquarters. Arguably most important decisions 
are made at the headquarters, suggesting such sites would require greater numbers of servers and host 
most of the software applications. While there has been some research on ICT usage between single 
and multi-plant firms (Baptista 2000 & Bertschek and Fryges 2002) limited empirical evidence exists 
in terms of differences in ICT usage between establishments located at different points in the hierarchy 
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of the firm. While the academic and policy literature provides evidence for the importance of the 
above characteristics on ICT implementation, less is known whether the effects homogenously related 
to a range of hardware and software.  

3.1.2 Empirical Strategy  

To assess the relationship between various firm characteristics and digital use, an empirical 
model on itict  usage of establishment i  in time t  (see equation 1.0) is proposed.3 The model contains 

a number of characteristics including itsize  (measured by employment), whether or not a plant is 
connected to a multi-plant firm, itmulti , whether an entity resides in a knowledge intensive sector 

itkis  (a proxy for human capital), the position of the establishment within the firm (headquarters or 

branch office) ithq , and the age of the plant itage .4 In addition, a vector of control variables iδ  is 
added to control for likely variation across time, countries and industries and changes in ICTs between 
industries overtime. The inclusion of the following explanatory variables is determined both by their 
economic importance (discussed above) and the availability of data.  

0 1 2 3 4 5it it it it it it i itict size multi kis hq agea a a a a a δ e= + + + + + + +  (1.0) 

 

3.1.3 Results for hardware 

Overall the results suggest that many of the firm characteristics are positively correlated with 
hardware use (see Table 1). Size for example is an important determinant for all forms of hardware 
(asides from PC intensity) suggesting that larger plants, unlike small entities, have greater amounts of 
knowledge accumulation and greater access to finance that may be important for adopting IT 
equipment (Gibbs and Kraemer 2004 and OECD 2014b). Similarly, entities which reside in knowledge 
intensive sectors, those that are connected to a multi-plant firm, and establishments which are the 
headquarters of the firm also seem to use more hardware. These results suggest that a greater 
proportion of skilled workers employed within the firm, establishments attached to a conglomerate 
known for being more knowledge intensive, and entities which are the headquarters use hardware 
more. Regarding the effect of age, the results suggest that older establishments use less technology 
(with the exception of telephone extensions) than young entities. This seems to imply that older firms 
may struggle to adopt emerging hardware technologies than younger plants potentially due to more 
rigid organizational structures or that their vintage capital stock is less compatible with IT equipment 
(Baldwin and Rafiquzzaman 1998). Alternatively, younger firms may have different business models 
that are more hardware intensive.  
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Table 1. The effects of establishment characteristics on hardware use 

 

Note: Establishment size is measured by employment, whereas multi-plant, KIS and headquarter are indicator variables that 
take the value of 1 if the plant is connected to a multi-plant firm, in a knowledge intensive sector or if the establishment is the 
headquarters respectively. Additional control variables include year, country 2 digit sector fixed effects and 2 digit sector year 
interaction term. The time period for the analysis is 2000 to 2012. Level of significance is as follows,  ***  1%, ** 5% and * 10%. 
Standard errors estimated with country-year clusters. 

3.1.4 Results for software  

Similar to hardware, several firm characteristics illustrated in Table 2 are found to be related to a 
higher use of different types of software. Larger firms (employment and multi-plant) are more likely to 
adopt ERPs, innovation software database management systems, security and groupware software. 
Being located within a knowledge intensive sector also leads to a greater probability to use innovation, 
database management and groupware software but seems not related to other ERPs and security 
software. The results also suggest that corporate headquarters of a firm are more likely to use all these 
forms of software as opposed to a branch office. Similar to what was found with hardware, it appears 
that firms tend to concentrate greater amounts of ICT within the decision making centre of the firm as 
opposed to branch offices. Older firms are more likely to adopt most types of software (asides for 
groupware) which is somewhat at odds with the results found hardware use. This may however reflect 
pre-cloud computing behaviours where firms previously purchased software packages off-the-shelf.  

 

 

 

 

 

 

Variables Total PCs PC Intensity Desktop Laptop Servers Extensions Network Lines
Size 0.771*** -0.229*** 0.747*** 0.711*** 0.478*** 0.474*** 0.095***

(0.00) (0.00) (0.00) (0.00) 0.00 (0.01) (0.00)
Multi-plant 0.298*** 0.298*** 0.283*** 0.282*** 0.262*** 0.138*** 0.096***

(0.00) (0.00) (0.00) (0.00) (0.00) (0.01) (0.01)
KIS 0.180*** 0.180*** 0.148*** 0.199*** 0.160*** 0.116*** 0.000

(0.01) (0.01) (0.01) (0.01) (0.01) (0.04) (0.02)
Headquarters 0.100*** 0.100*** 0.125*** 0.060*** 0.195*** 0.104*** 0.041***

(0.01) (0.01) (0.01) (0.01) (0.01) (0.02) (0.01)
Age -0.012*** -0.012*** -0.002 -0.031*** -0.022*** 0.076*** -0.002

(0.00) (0.00) (0.00) (0.00) (0.00) (0.01) (0.00)
Control Variables

Year       
Country       
2 digit sector       
2 digit sector*year       

Adjusted R-squared 0.4950 0.1950 0.4800 0.4250 0.3560 0.2540 0.0650
Observations 322,466          322,466          311,401            261,735             289,827               68,785             51,000                  
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Table 2. Effects of establishment characteristics on software use 

 

Note: Establishment size is measured by employment, whereas multi-plant, KIS and headquarter are indicator variables that 
take the value of 1 if the plant is connected to a multi-plant firm, in a knowledge intensive sector or if the establishment is the 
headquarters respectively. Additional control variables include year, country 2 digit sector fixed effects and 2 digit sector year 
interaction term. The time period for the analysis is 2000 to 2012. Level of significance is as follows,  ***  1%, ** 5% and * 10%. 
Standard errors estimated with country-year clusters. 

 
Summarising, the results imply that large, multi-plant, knowledge intensive and headquarters use 

more hardware and software than small, single-plant low-knowledge intensive and branch offices. 
This suggests that size, human capital and decision making are important determinants for digital use. 
In order to alleviate some of the disparities found in ICT use, policy makers could consider policies 
targeting smaller firms which are less knowledge intensive facing credit constraints. One of the 
reasons why larger firms are thought to use more technologies is potentially due to more accumulated 
knowledge, and deeper financial pockets. Therefore policies which help to enhance the skill, know-
how and credit of small and less knowledge intensive, may enable these firms to adopt and implement 
ICTs more effectively.  

3.2 The Effects of Policy Environments on ICT Use  

3.2.1 Government policies - variables  

While the results above find some evidence regarding the importance of firm characteristics on 
ICT use, the geographic location of the firm is also expected to affect the digital use by companies. 
This section starts by discussing a number of policies both the academic and policy literature identify 
as important determinates for ICT use, including production PMRs, EPLs, entrepreneurial regulations 
(cost of running a business, ease of entry, access to finance and so on) and government effectiveness at 
using, promoting and regulating ICT use. After an analysis of the cross country heterogeneity in 

Variables ERP Innovation
Database 

Management
Security Groupware

Size 0.322*** 0.452*** 0.039*** 0.001** 0.018***
(0.00) (0.00) (0.00) (0.00) (0.00)

Multi-plant 0.233*** 0.311*** 0.031*** 0.019*** 0.022***
(0.01) (0.01) 0.00 0.00 0.00

KIS 0.029 0.096*** 0.007** 0.001 0.010***
(0.04) (0.02) (0.00) (0.00) (0.00)

Headquarters 0.519*** 0.604*** 0.056*** 0.061*** 0.043***
(0.01) (0.01) (0.00) (0.00) (0.00)

Age 0.107*** 0.102*** 0.007*** 0.008*** -0.001
(0.01) (0.00) (0.00) (0.00) (0.00)

Control Variables

Year     
Country     
2 digit sector     
2 digit sector*year     

Observations 333,168          333,205          333,259            333,259             333,259               
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regulatory environments, an empirical framework is used to examine the effects of these traditional 
policy measures on distinct types of hardware and software and whether these effects are 
heterogeneous across various types of firms.    

Employment Protection Legislation 

The OECD has compiled a number of policy indicators which the literature suggests as being 
important for technology adoption. The first of these include EPLs. These indicators provide measures 
on the cost of employment dismissal within an economy.5 Higher barriers to labour shedding may be a 
disincentive for firms to adopt new technologies. For example, costly EPLs have been shown to 
discourage firms from adopting new uncertain technologies, given that it is more expensive to shed 
workers in the event of poor economic performance (Bartelsman et al 2016 and Bartelsman 2013). 
They also show that countries with larger barriers to labour dismissal have smaller IT intensive 
sectors, which the authors argue is a key contributor to the disparity in IT intensity across countries.  
Similarly, Samaniego (2008) finds that the high costs associated with shedding works adversely 
impacts the profits of sectors where technology change is fast. In addition, countries with high firing 
costs have greater concentration of industries with slow technology change.  

Product Market Regulation 

Another regulatory indicator compiled by the OECD, is the competitive nature of the 
economic/business environment. Strictness in PMRs has been found to be important for the efficient 
allocation of resources, the growth of successful firms and the exit of unsuccessful establishments 
thereby contributing to overall aggregate growth. Empirical research suggests that less restrictive 
PMRs can induce greater ICT use since competitive pressure induces firms to adjust to productivity 
shocks by investing in new technologies. Conway et al (2006) for example finds that economies with 
less stringent PMRs use more ICT than economies with stricter regulations. There are also papers 
which find that strict PMR environments discourage foreign direct investment (FDI), which may 
further reduce the adoption of emerging technology (Nicoletti and Scarpetta 2003; Conway et al 2006; 
Bertschek 1995; Bertschek and Fryges 2002) 

A better competitive environment particularly in the telecoms sector is also believed to encourage 
technology adoption by reducing the price of telecom products and services and therefore enabling for 
more ICT use. Information on regulatory strictness for the telecom sector including, rigidity of the 
sector as a whole, barriers to free entry, the proportion of public ownership and the market structure of 
the industry is also provided by the OECD (Koske et al 2015). Past papers find that greater 
competition within the telecoms sector results in lower costs and higher quality of technological goods 
and services thereby inducing ICT investment (Boylaud and Nicoletti 2000). While the literature finds 
that effective telecom regulation leads to greater ICT use, the effects of these policies may be more 
complementary to specific types of ICT which interface with communication technologies as opposed 
to ICTs which process data internally within the firm.  

Entrepreneurial environment 

The World Bank produces a number of policy indicators drawn from the “Ease of Doing 
Business” dataset which may determine technology adoption and use. These measures include the ease 
of starting a business, access to credit, the ease of insolvency as well as regulatory tax environments.6 
Starting with entry, the empirical literature suggests stricter barriers for starting a business can be a 
disincentive to the adoption of new technologies (Riordan 1992, Nicoletti and Scarpetta 2003). Firms 
in open markets are found to invest and innovate to increase efficiency due to competitive pressure 
both from imports and FDI (Bertschek 1995). Work by Aghion et al (2009) however suggests that the 
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effects of entry regulation may be heterogeneous favouring firms closer to the frontier than more 
laggard businesses. Laggard firms are likely to be discouraged to employ new technologies because of 
the threat from new entrants, lowering their anticipated gains from investments.  

Similarly exit costs have been shown to be detrimental for advanced technology adoption. While 
investing and experimenting with new technologies can lead to considerable reward, it also increases 
the chance of exiting. Therefore, high barriers to exit may adversely impact “innovative entrants” 
more so than “conventional entrants” (Aghion et al 2008). Countries with higher costs of abandonment 
may therefore encourage more entrants to implement a follower strategy, investing in more 
conservative technologies rather than those investing in frontier inputs and processes.  

The degree of corporate taxation has traditionally been considered a deterrent for investing in 
technology (Hall and Jorgenson 1967: Summers 1981, Auerback and Hassett 1992: Hassett and 
Hubbard 2002; and Schwellnus and Arnold 2008; Djankov et al 2010). While differences in the size of 
the coefficients across these studies vary, the overall message is that adverse tax environments lead to 
less investment. It is therefore likely that higher corporate tax and a more rigid tax system adversely 
affects ICT use. Within the literature however, few have explored the impact of taxation on ICT use. 
One exception is Jerbashian and Kochanova (2016) who recently showed evidence at the industry 
level that cumbersome tax policy is negatively related in investment in digital technology.  

Even if firms are induced to invest in emerging ICT due to competitive market pressures, flexible 
employment regulation and a favourable tax environment, many entities require access to formal 
credit. Given the considerable costs involved in adopting new technology, the presence of financial 
constraints within the economy can be a major deterrent to investment. Within the empirical literature, 
financial barriers are found to hamper R&D and investment in firms (Hall 2002 and Lerner and Hall 
2010). A recent study by Gorodnichenko and Schnitzer (2013) found that financial barriers 
substantially hinder technological investment, where for example a modest increase in financial 
constraints reduced the probability of adopting emerging technology by 22%.7 The authors also imply 
that barriers to finance are one of the main reasons for the gap in productivity and innovation between 
domestic and foreign-owned firms. 

While there are a range of indicators measuring the product and labour regulations overtime, 
there is less information on government policy settings related specifically to ICT adoption. An 
exception to this is the Global Information Technology Network Readiness Index produced by the 
World Economic Forum (WEF) which has a number of indicators referring to ICT. This data from 
WEF is collected from the Executive Opinion Survey which surveys business leaders around the world 
regarding their opinions on a number of broad and specific issues which there is little or no accurate 
information available for (Browne et al 2014). Since there are few indicators specifically related to 
ICT regulation, this paper assesses the effects of these indicators as an exploratory exercise.  

Another policy which is directly related to ICT is the provision of broadband technologies. 
Enabling greater access to the internet infrastructure results in more firms and households to adopt this 
technology. In addition, broadband access is also likely to be an important component for the adoption 
of other complementary ICTs. Firms with access to broadband have the digital platform that can be 
used compatibly with a range of hardware and software technologies. Firms that gain access to faster 
broadband may have a larger incentive to implement new ICTs due to a greater rate of return on 
investment than those connected to slower internet. Only modest evidence exists regarding the effects 
of broadband on ICT usage. An exception being Varian et al (2002) which finds that firms in the US, 
Germany and the UK using the internet tend to use hardware and software more intensively. Forman 
(2005) and Forman et al (2005) identify a positive relationship between internet usage and the amount 
of hardware and software employed within the firm. More recently, DeStefano et al (2016) finds that 
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firms who gain access to ADSL broadband internet use more ICT than those with access to narrow 
broadband.8 Moreover, by exploiting the distance dependence of ADSL technology, the paper finds 
that firms connected to longer local loops cables (signifying slower internet speeds) use less ICT. 
Given the scope of the following, these issues will be assessed in subsequent studies. The four policy 
measures used in this paper include, 1) how developed a country’s laws are for ICT use (regulations 
relating to electronic commerce, digital signatures and so on), 2) the level at which a government has a 
regulatory plan for implementing digital technology, 3) the degree to which a government promotes 
ICT use and 4) the effectiveness of government procurement of advanced ICTs. Regulations 
promoting ICT implementation as well as a government’s stance and use of technology adoption are 
assumed to influence the degree in which firms invest in digital capital. 9 

3.2.2 Cross-Country Differences in ICT Policy Environments 

The following section presents a qualitative analysis on the differences in policy environments 
across countries. The focus here is to assess a few regulatory environments related to the telecom 
sector and government promotion of ICT use given the scope of the paper. Additional information 
regarding differences in EPLs and the ease of doing business can be found in other work (OECD 2017 
and World Bank 2016). Furthermore, summary statistics on all policy variables used in this paper can 
be found in Appendix III. The policy indicators presented here include overall strictness of PMRs and 
public ownership in the telecom sector and the effectiveness of government promotion of digital 
technology use.  

The figure below illustrates the varying degree of PMRs for the telecom sector across European 
countries. The degree of strictness increases by number (ranging from 0-6). Empirical evidence 
suggests that greater strictness within the sector results in less competition, higher prices and lower 
quality of telecom goods and services. Figure 10 highlights visible differences in the regulatory 
environments between these economies. For example, the United Kingdom, Italy, Netherlands, 
Denmark and the Czech Republic have low PMR rigidities whereas Luxembourg, Belgium, 
Switzerland and Norway are relatively strict. Given the importance competitiveness in the telecom 
sector, variations in PMR may result in differences of ICT use across countries. It is important to note 
however, that EU countries in general exhibit lower levels of PMR strictness than found in other parts 
of the OECD (Koske et al 2015). 
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Figure 10. Product Market Regulation in the Telecom Sector, 2012 

Least to most restrictive (0-6) 

 
Note: the product market regulation indicator is an aggregate measure which takes into account entry, public ownership and 
market structure regulations in the telecom sector. Source: OECD 

 

One regulatory factor which can influence PMRs in the telecom industry is due to differences in 
the proportion of firms owned by public entities. The assumption being that a greater proportion of 
public ownership results in less competitive pressure in the telecom market. Figure 11 illustrates 
differences in the variation of public ownership of the telecom industries where 0 represents no public 
ownership and 6 refer to complete public ownership. Across Europe, considerable differences in the 
degree of public ownership exist, but no clear regional trend in terms of public ownership seems to 
emerge. For example in countries such as Canada, the United Kingdom, the Netherlands, Denmark, 
Italy Czech Republic, Hungary and Spain the telecom industry is almost entirely private. On the other 
hand, in countries like Luxembourg, Belgium, Switzerland and Norway, public institutions own a 
larger proportion of the telecom sector.  
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Figure 11. Public Ownership in the Telecom Sector, 2012 

Least to most restrictive (0-6) 

Note: the degree of public ownership is measured by the percentage of shares owned, either directly or indirectly, by the 
government in the largest firm. Source: OECD   

 

The next figure illustrates differences in government’s promotion of ICT across countries (see 
Figure 12). This indicator captures the general perception of the effectiveness of ICT promotion by the 
government from business owners residing in different countries, and not the presence or generosity of 
specific promotion schemes such as subsidies, training and so on. Unlike the previous figure, the 
scaling of the WEF indicators are constructed in the opposite direction, meaning 7 is the most 
favourable environment and 1 the least. Sweden, Luxembourg, Finland, the UK, Switzerland and 
Portugal are reported to be among the more effective economies to promote ICT. Whereas Italy, 
Poland, Slovakia, the Czech Republic, Hungary and Spain seem to promote technology use much less.  

Interestingly, there does not appear to be much overlap between PMRs/public ownership 
regulatory environments and a country’s effectiveness in promoting ICT use. A potential reason for 
this may be that PMRs and ICT promotion policies are substitutes meaning that governments may 
attempt to compensate for a competitive environment that is less than ideal by encouraging technology 
use. Given the differences in various policy environments across countries, a useful exercise will be to 
assess the extent to which these policies influence ICT use differently.  
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Figure 12. Government Promotion of ICT, 2012 

Most to least effective (1-7) 

Note: The survey question for this indicator is “how successful is the government in promoting the use of information and 
communication technologies (ICTs)? [1 = not successful at all; 7 = extremely successful]” 

Source: World Economic Forum, Global Information Technology Network Readiness Index. 

3.2.3 Empirical Strategy  

In assessing the effects of various regulatory environments on digital use, a number of things 
have to be taken into account due to the construction of the policy variables. The OECD indicators – 
EPLs and PMRs of the telecom sector10 - range from 0 to 6, where the higher the number the greater 
the strictness in the market. The World Bank indicators on the Ease of Doing Business include the 
ease of doing business, the ease of starting a business, the ease of exiting the market, ease of credit 
regulations and the ease of tax regulation are distance to the frontier measures, where 100 is at the 
frontier and 0 is the furthest distance to the frontier. Finally the WEF indicators - government 
promotion of ICT, government vision for ICT, government use of ICT and regulations related to ICT  
range from 1 to 7, with 1 being the worst and 7 the most favourable environment. Given the 
differences between the measures, for consistency magnitudes illustrated in Figure 10 and 12 are 
adjusted to reflect the effect of a more favourable policy environment on ICT use.  

The basic model is illustrated below in Equation (2.0) where itict  refers to the use of a specified 
ICT technology by firm i  at time t  and ctpolicy  signifies the stated policy indicator for country c  at 
time t .11 A number of firm controls also believed to be correlated with ICT use are included in the 
model, including the size of the firm, measured by employment, whether or not the plant is a member 
of a multi-plant firm, whether or not the entity is the headquarters of the firm and if the establishment 
is in a knowledge intensive sector. In addition, given the considerable differences in ICT use over 
time, across sectors and across sectors over time, year, 2-digit sector and sector*year interaction fixed 
effects are also included. The results that are captured are therefore driven by cross-sectional 
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variations in regulatory environments as opposed to changes over time. As mentioned previously, the 
panel consists of 19 European and North America countries for the period 2000-2012 consisting of 
roughly 900,000 observations. Descriptive statistics on policy environments can be found in Appendix 
III.   

0 1it ct it stict policyαα  c φ ε= + + + +  (2.0) 

3.2.4 Results for Hardware ICTs 

Product Market Regulation, Telecom Sector 

The relationship between PMR in the telecoms sector and hardware use is somewhat ambiguous 
apart from extensions and network lines, where no significant correlation is found (see Figure 13). 
Overall less strict PMRs are correlated with more PC use (at the 10% level) but with less server use. 
One potential reason for this may be due to the differences in the functions of these technologies: PCs 
in general are more outward facing technology than servers. One of the main functions of the PC, 
particularly since the provision of broadband is for communication purposes. Thus greater quality of 
goods and services in the telecom sector may increase the rate of return on investing in complementary 
ICTs, such as PCs. As mentioned above, there is some empirical evidence implying that firms with 
access to faster broadband use PCs more than firms with slower broadband, suggesting the importance 
of higher quality goods and services from the telecom sector for PC usage. The reason why stricter 
PMRs lead to more server use is not apparent and the academic and policy literature does not provide 
any suggestions. One possible explanation may be that servers are substitutes for another technology 
that is more heavily affected by PMRs. The considerable differences in the effects of PMR indicators 
on PCs and servers suggests that traditional policy levers that were important for adoption of more 
traditional technology may be less effective across other types of ICTs.     

Employment Protection Legislation 

EPLs appear to be an important determinant for the adoption of hardware technologies. The 
results suggest that firms located in countries with more lenient regulations on employee dismissals 
use more PCs, servers and extensions than firms located in countries with stricter regulations. To put 
this into an economic perspective, for PCs and servers, a one level reduction in the rigidity of firing 
costs results in an increase of plant level use by around 6% for both types of hardware. Cross-sectional 
differences in EPL strictness appear to be an important determinant for some types of hardware use. 
The results here are consistent with Bartelsman (2013) Bartelsman et al (2016) and Samaniego (2008), 
who also discuss how lower rigidity of employment dismissals can help induce technology adoption, 
since it is difficult for firms to reduce costs in the subsequent event of an economic downturn. This 
may be particularly important for hardware such as servers due to the considerable costs involved in 
purchasing, installing and maintaining the investment. At the same time however, as more firms 
increasingly rely on cloud computing as a source of hardware infrastructure, the effects EPLs on 
server usage can be hypothesised to decrease in the future.  

Network Readiness Index 

Firms located in countries whose governments support and promote ICT tend to use more 
hardware. In particular, government policies perceived to be more successful in promoting ICT and 
exhibit a clear vision for digital technology adoption are positively correlated with PC and server use. 
Countries with governments that use more ICT and have better established ICT regulations also 
contain establishments that use more PCs, servers and network lines than establishments in countries 
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with less government usage and weaker ICT laws. None of these indicators, however, are significantly 
correlated with the use of extensions. 

Ease of Doing Business 

An environment where it is easier to run a business appears to lead to more hardware usage 
overall. For example, firms residing in countries where it is easier to operate a business, have easier 
access to credit, and more favourable tax regulations, use more PCs, servers, extensions and network 
lines than firms in countries with less favourable business environments. In addition, the results show 
that lower barriers to exit are correlated with greater use of PCs and servers. These results are similar 
to Aghion et al (2009) who argue that lower costs to exiting the market encourages entrepreneurs to 
invest in technology and innovation. At the same time there are differences in the effects where for 
example, ease of entry is positively related to PCs and servers, but negatively related to network lines. 

Figure 13. The effects of the policy environment on hardware use 

All magnitudes listed are significant at the 1% or 5% levels of significance 

 

Note: the following figure illustrates the effect of a one unit change in the improvement of the policy environment for indicators 
ranging from 0 to 6 and 1 to 7 (including PMRs, EPLs, ICT Promotion, Government ICT, ICT vision and ICT regulation).  For the 
World Bank policy measures which are not in a rating scale, this represents roughly a 15% improvement of the regulatory 
environment. EDB, ESB, TSB and CSB refer to the ease of doing business, ease of starting a business, time to start a business 
and the cost of starting a business. 

3.2.5 Results for software ICTs 

Product Market Regulation, Telecoms Sector 

Unlike hardware, the effects of PMRs are consistently correlated with all the software 
technologies used in our sample (see Figure14). Plants residing in environments with less restrictive 
competition regulation in the telecom sector are more likely to use ERPs, innovation, data 
management and security software. For some of these technologies such as ERPs, data management 
and security software, telecom equipment is complementary and can be important for effective 
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software use. Thus greater competition within a country’s telecoms sector, which is found to increase 
the quality and lower the cost of communication inputs, may make it easier to use these technologies. 
Moreover, hypothetically, improved access to telecom goods and services may also increase a firm’s 
exposure to the internet and cyber intrusions, inducing greater security software use.   

Employment Protection Legislation 

The main outcome from the results is that a higher cost of shedding workers relates to an 
increased likelihood for ERP and innovation software use. This result is contrary to what was found 
with hardware and previous literature. A potential explanation for this may be that environments 
where it is more expensive to adjust to an economic shock may actually incentivise firms to adopt 
efficiency-enhancing ICTs more so than firms located in regions where operating costs can be quickly 
and easily reduced by shedding labour. ERPs and arguably innovation software are designed to enable 
greater efficiency in performance and innovation and therefore may be an essential component for 
firms located in more costly and restrictive environments. Overall, the results here imply that the 
effects of EPLs are not just different for hardware and software, but also across various types of 
software.  

 Network Readiness Index 

In contrast to hardware use, the effects of government promotion/vision, use and regulation 
towards ICT reduce the likelihood that firms will adopt many of these applications. With the exception 
of groupware software all other applications are negatively related to more favourable government 
regulations of ICT. The reasons for this are not entirely clear. In addition, it is not entirely clear 
whether the indicators have precisely the same meaning across countries. For example, we do not 
know whether a government’s vision of promoting ICT favours hardware or software or ICT labour. 
Overall, a comparison of the results between hardware and software suggest that these policy measures 
do not appear to homogeneously predict the use of different types of ICT use within the sample.  

Ease of Doing Business 

One of the most robust findings is that establishments located in environments where the cost of 
starting and running a business is less favourable have a greater likelihood of software usage. This is 
opposite from what was expected. One reason could be that because higher costs to run a business 
incentivise firms to adopt applications designed for greater efficiency in product and process 
innovation such as ERPs innovation, database management and groupware software. Therefore, firms 
located in countries where the cost of starting business is high may have a greater incentive to adopt 
cost saving technologies than firms in other countries.  
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Figure 14. The effects of the policy environment on software use 

All magnitudes listed are significant at the 1% or 5% levels of significance 

Note: the following figure illustrates the effect of a unit change in the improvement of the policy environment for indicators 
ranging from 0 to 6 and 1 to 7 (including PMRs, EPLs, ICT Promotion Gov ICT, ICT vision and ICT regulation). For the World 
Bank policy measures which are not in a rating scale, this represents roughly a 15% improvement of the regulatory environment.  
EDB, ESB, TSB and CSB refer to the ease of doing business, ease of starting a business, time to start a business and the cost 
of starting a business. 

 

The results from the empirical analysis together illustrate that the effects of various policy 
environments on a range of digital technologies are heterogeneous, with important differences between 
hardware and software. While some indicators exhibit their expected signs and significance, such as 
PMR on software and the ease of doing business and EPLs on hardware use, other policy measures are 
either uncorrelated or show unexpected signs. Possible reasons for this may be explained by the wide 
range in functionality between ICTs across both hardware and software. Some software is designed for 
specific outcomes such as increased efficiency and innovation and may be important tools for firms 
located within more restricted business environments.  

In addition, unlike software, hardware is similar to more traditional forms of capital. For example 
as with other forms of capital, larger firms with more employees require more units of hardware 
equipment (i.e. scale with mass), such as PCs, smartphones, extensions and so on. For software 
however, firms generally only require one software application for the entire establishment. Unlike 
hardware, software enables scale without mass which may run afoul with our classical thinking 
behind labour market indicators. As mentioned, the CiTDB reflects ICT use in this manner, where 
hardware is listed as a count and software as a dummy, i.e. does an establishment use this type of 
software (yes or no). This may explain why in our results hardware use, but not software use, is 
correlated with EPLs and the cost of running a business. Moreover, the speed of adoption of ICTs is 
considerably faster than previous technologies, suggesting that other more direct policy measures such 
as tax incentives for particular ICTs may be more effective than traditional macro regulatory levers. 
The outcome of this section also raises the question of whether the effects of these policies vary across 
different types of firms.  
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3.2.6 Heterogeneous effects of policy environments on various types of firms 

Government policies may impact different firms differently in terms of digital use, hence 
additional analysis focuses on the interaction between policy variables and firm characteristics in 
explaining digital use. This is particularly interesting to policy makers who may want to induce ICT 
adoption amongst a certain type of firm such as SMEs, young entrants or more innovative businesses. 
The types of characteristics assessed in the section include whether or not an establishment is a 
member of a multi-plant firm, the size of the plant (measured by employment), if the enterprise resides 
in a high knowledge intensive sector and whether the plant is young. Noted earlier, establishments are 
considered being knowledge intensive by their 2-digit industry based on the Statistical Classification 
of Economic Activities in the European Community (Eurostat 2012). In terms of age, plants are 
classified as young if they are 5 years old or younger, similar to Criscuolo et al (2014). 

The estimation model is the same as Equation (3.0) with the exception that a policy setting-firm 
characteristic interaction term signified by *ct itpolicy char  is included to capture differences in the 
effects of policy environments on different types of firms. Dummy variables indicate whether the 
entity is a part of a firm with multiple establishments, if the entity resides within a high knowledge 
intensive sector or if they are aged 5 years or younger. In terms of size, the policy variable is interacted 
with the level of employment. This section focuses on policy measure found to be relevant and 
consistent with the literature from the previous section, including EPLs and credit regulation for 
hardware and PMRs strictness for software. The results attempt to provide some insights regarding the 
extent to which the effects of these policies related to ICT use differently across different types of 
plants.  

0 1 2 *it ct ct it it stict policy policy chara a a c φ ε= + + + + +  (3.0) 

Multiple Plants 

The results in Table 3 identify differentiation in the effects of various policy environments across 
different types of enterprises. Less rigid EPLs appear to incentivise the use of PCs and servers for 
single-plant firms but not for multi-plant firms. Since multi-plant firms are likely to be larger with 
greater cash flow, higher costs of firing workers may pose less of a barrier to ICT use than to single-
plant firms. The results also show that the effects of ease of credit enable multi-plants to use PCs more 
intensively than single-plant firms. However for servers, access to credit appears to be more important 
for single-plant firms. In terms of heterogeneity in the effects of the regulatory environment on 
software use, firms located in countries with less stringent PMRs are more likely to use ERPs, 
innovation software and database management systems (see Table 4). The effect however is larger for 
single-plant firms than for multi-plant enterprises.  

Establishment Size 

Less strict EPLs appear to be beneficial for PCs and server use across all types of firms. However 
favourable EPLs environments result in a larger ICT effect for smaller firms. Similarly, the effects of 
PMRs on ERP, innovation and database applications appear relevant, where smaller plants seem to 
benefit more from favourable product regulations. At the same time, more favourable credit 
environments seem to result in greater ICT use for larger plants than smaller establishments. These 
results appear to suggest that product and labour regulations are particularly important to smaller 
entities but credit access less so.  
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Knowledge Intensive Sector 

The effects of policy environments and ICT use for establishments in high-KIS sectors differ 
across various types of hardware. For example, less stringent EPL regulations do not seem to correlate 
with PC use amongst firms in know active sectors. However, lower firing costs enable firms in high-
KIS sectors to use servers more than low-KIS sectors. The fact that environments with looser EPLs 
result in more server use among firms who are considered knowledge intensive is particularly 
important since these firms are perceived to be considerable producers of knowledge and contributors 
to aggregate growth. In addition, easier access to credit is correlated with more server use amongst 
plants in high KIS than in low-KIS sectors. Servers make up the hardware infrastructure of a firm’s 
digital footprint enabling businesses to more effectively store, transfer and process large amounts of 
data. They are (in the past and during this sample period) an integral component of ICT use and 
performance. Therefore, policies which enable greater use of such technologies amongst firms which 
contribute to innovation and growth is an interesting finding.   

In terms of software, plants residing in environments with less rigid PMRs in the telecoms sector 
increase the probability of ERP, innovation and database applications adoption however the magnitude 
is statistically smaller for high-KIS firms than low-KIS firms. 

Age 

In terms of age, the results suggest that less stringent EPL environments are more favourable to 
PC and server use amongst older plants than younger plants. Ease of credit however seems to enable 
younger firms to use more computers and servers than plants over than 5 years. This suggests that 
young firms in countries with more favourable credit environments may be able to employ more ICT 
which can have important performance implications for the overall economy since young firms with 
the ability to growth and succeed can positively contribute to aggregate job creation (Criscuolo et al 
2014). In addition, an environment where young firms invest, experiment with new technology and 
innovate is an important component for productivity growth (Andrews and Criscuolo 2013). Turning 
to software, the results suggest that establishments operating in countries with less rigid PMRs exhibit 
a higher probability of adopting ERPs, innovation tools and database management software. However 
the effects of the policy are insignificant for young plants.  

As a robustness test, we also further assessed some of the counter-intuitive results found in the 
previous section such as the negative relationship between favourable business environments and ERP 
use by including policy-plant interaction terms. While the size of the effects varied across different 
types of firms, the results did not uncover evidence to suggest that the counter-intuitive results are 
driven by multi-plants, size, age or businesses in knowledge active sectors. Further work is therefore 
needed to examine and identify additional relevant policy indicators for advanced software 
applications.  
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Table 3. Heterogeneous effects of Employment Protection Legislation and Access to Credit on Hardware use 

 

Note: Small is an indicator variable equal to 1, when the establishment has 100 or less employees, whereas multi-plant, KIS and headquarter are indicator variables that take the 
value of 1 if the plant is connected to a multi-plant firm, in a knowledge intensive sector, respectively. Additional control variables include year, country 2 digit sector fixed effects and 2 
digit sector year interaction term. The time period for the analysis is 2000 to 2012. Level of significance is as follows,  ***  1%, ** 5% and * 10%. Coefficients of the controls are 
excluded for brevity and are available upon request. Standard errors estimated with country-year clusters. 

 

 

Dependent 
Variable: ICT PCs Servers PCs Servers PCs Servers PCs Servers PCs Servers PCs Servers PCs Servers PCs Servers

EPLs -0.454*** -0.469*** -0.412*** -0.424*** -0.413*** -0.386*** -0.324*** -0.448***
(0.07) (0.11) (0.07) (0.09) (0.07) (0.10) (0.11) (0.13)

Ease of Credit 0.283*** 0.539*** 0.375*** 0.602*** 0.321*** 0.522*** 0.250** 0.577***
(0.07) (0.09) (0.07) (0.08) (0.07) (0.09) (0.10) (0.10)

EPL*Multi 0.046 0.053
(0.05) (0.05)

Credit*Multi 0.089* 0.034
(0.05) (0.06)

EPL*Small -0.020*** -0.021***
(0.00) (0.01)

Credit*Small -0.001*** -0.001***
(0.00) (0.00)

EPL*KIS -0.084 -0.265***
(0.06) (0.04)

Credit*KIS 0.034 0.161***
(0.05) (0.05)

EPL*Young 0.065*** 0.059***
(0.01) (0.01)

Credit*Young 0.013*** 0.013***
(0.00) (0.00)

R-squared 0.514 0.359 0.492 0.326 0.514 0.359 0.492 0.327 0.514 0.359 0.492 0.326 0.490 0.319 0.474 0.301
N. of cases 856,294  742,594  582,221 501,772 856,294     742,594     582,221      501,772      856,294  742,594  582,221 501,772 324,215  291,354  254,182 227,968 

Multi-Plants Small KIS Young
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Table 4. Heterogeneous Effects of Product Market Regulation on Software use  

 

Note: Small is an indicator variable equal to 1, when the establishment has 100 or less employees, whereas multi-plant, KIS and headquarter are indicator variables that take the 
value of 1 if the plant is connected to a multi-plant firm, in a knowledge intensive sector or if the establishment is the headquarters respectively. Additional control variables include 
year, country 2 digit sector fixed effects and 2 digit sector year interaction term. The time period for the analysis is 2000 to 2012. Level of significance is as follows,  ***  1%, ** 5% and 
* 10%. Coefficients of the controls are excluded for brevity and are available upon request. Standard errors estimated with country-year clusters. 

Dependent 
Variable: ICT ERPs Innovation Data ERPs Innovation Data ERPs Innovation Data ERPs Innovation Data

PMR Telecom -0.475*** -0.436*** -0.557*** -0.310*** -0.369*** -0.318*** -0.422*** -0.448*** -0.510*** -0.548*** -0.566*** -0.552***
(0.10) (0.08) (0.08) (0.08) (0.07) (0.06) (0.10) (0.08) (0.07) (0.14) (0.09) (0.09)

PMR*Multi 0.187*** 0.008 0.226***
(0.04) (0.04) (0.05)

PMR*Small -0.153** -0.133*** -0.246***
(0.06) (0.05) (0.07)

PMR*KIS 0.141*** 0.069*** 0.242***
(0.03) (0.02) (0.05)

PMR*Young -0.029 0.055 0.002
(0.06) (0.04) (0.05)

Observations 882,557          882,534          882,539          882,557          882,534          882,539          882,557          882,534          882,539          335,202          335,121          335,101          

Multi-Plant Small KIS Young
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4. Summary and policy implications  

While disparities in digital use continue to persist across countries and companies, one of the 
main findings is that bundles of ICT used across countries over time are not stagnant but constantly 
fluctuating. For most countries, the average establishment has increased its use of hardware and 
software from 2000 to 2006. In some countries, certain types of hardware and software usage 
continued to rise after 2006 towards 2012, including Finland, Sweden, Belgium and the Netherlands. 
For other countries ICT usage either declined or remained similar. It is suggested that the main reason 
for the downward trends in digital use (proxied by investments) seems to be the growing use of ICT as 
a service. The introduction of smart phones and tablets, cloud computing, and greater improvement 
and acceptability of open source software may have begun to induce firms to switch to mobile 
computing, hardware/software as a service and open applications. Continual changes in ICT use will 
require up-to-date measures of hardware, software and services that reflect the evolution of business 
digitalization.    

Plant characteristics appear to be important drives of both hardware and software use. In 
particular size, knowledge intensity and being the firm headquarters are positively correlated with 
most types of ICTs. These outcomes are consistent with the academic and policy literature which finds 
that larger firms with more accumulated capital and knowledge and businesses with greater human 
capital are more likely to use greater amounts of ICT (Bresnahan et al 2002; Gibbs and Kraemer 2004; 
Haller and Siedschlag 2011). Enabling smaller businesses with lower levels of human capital to 
improve skills and acquire other forms of knowledge based capital may help increase aggregate 
technology use in a country.   

Traditional macro policy measures perceived to be important for technology use, in general do 
not consistently predict the use of all types of digital technology. The analysis finds considerable 
heterogeneity in the effects of policy indicators on ICT use. Variation in the effects of these measures 
exists amongst different types of hardware and software. In addition, differentiation in the impact of 
regulatory environments is identified between hardware and software technologies. Implementing a 
single standard policy may potentially lead to greater investment in some types of ICTs but less in 
others. Such differences need to be taken into account when introducing policy particularly, given the 
accelerated speed at which adoption is occurring today.  

While the effects of different policy settings as proxied by indicators from the work of the 
OECD, World Bank and WEF behave differently across various digital technologies, some general 
trends emerge.  

In particular, the policy measures more consistently correlate with adoption and use of hardware, 
suggesting that traditional regulatory measures are better at predicting tangible ICT as opposed to 
intangible ICT. This could also be interpreted as implying that existing policies may be more targeted 
at more mature forms of ICT and digitalisation like hardware and less on newer - more intangible - 
forms like software. In the policy discussion on growing digitalisation, this has to be taken into 
account and further analysed in more detail.   

Further focusing on the differential effects of policy on both forms of ICT, the results for 
hardware are - unlike software, generally closer to analysis which look at more standard forms of 
capital. This may be a consequence of the fact that as firm size increases they tend to use more units of 
hardware. For software, a single application can be used for a large number of workers. Other reasons 
for differences in the estimated effects of policies may be due to differences in the functions of 
particular ICTs. For example firms located in countries where the costs of running a business are high 
may have a particularly strong incentive to invest in ICTs which enable greater efficiency, relative to 
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ensuring that every employee has access to a PC. Clearly the social benefits of improved policy 
settings are likely to be greater than the benefits of private strategies to mitigate such adverse policy 
settings.    

In terms of the effects of various policy settings, labour market regulations such as EPLs appear 
to be relevant factors explaining the adoption of various types of hardware. In addition, 
entrepreneurship policies like access to credit, ease of starting a business, more favourable tax 
environments and so on also seem to incentivise firms to use greater amounts of hardware. The 
estimated effects of product market policies in the telecom sector on the other hand predict (more 
consistently) greater likelihood of software usage. This suggests that a single policy approach to ICT 
use may not result in the adoption of all types of digital technologies.  

The paper also finds empirical evidence to suggest that the effects are different across various 
types of firms and industries. It therefore seems important for policy makers to consider the overall 
composition of firms within their country when selecting appropriate policies. For example, more 
favourable credit environments appear to induce greater investment in PCs and servers amongst 
younger plants than for older entities. More favourable EPLs result in greater use of servers in firms in 
high-KIS sectors than those in low-KIS sectors. Taking these nuances into account may not only 
increase investment but allow firms that are important for job creation and aggregate productivity to 
obtain essential inputs for growth.  

Further consideration is required to identify or build policy measures more appropriate for 
software and other new emerging types of digital technology. In particular, there are two main trends 
in ICT adoption which may further weaken the effectiveness of standard policy indicators. First, firms 
have begun substituting ICT as a form of hardware and software capital to ICT as a service through 
the use of cloud computing. In addition, firms are relying more on open source software (programmes 
which is available free online) enabling businesses to adopt advanced applications for free. As these 
shifts continue, the effects of EPLs for example on ICT use may become less relevant. Having a better 
understanding on the usage of ICT as a service and open source software across more countries will 
provide essential information to create indicators attuned towards the next generation of digitalisation. 
This would require an extension of the analysis by including more recent data to sufficiently capture 
these new trends in company behaviour.    
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APPENDIX I 

Discussion on the technologies 

The following section provides a general discussion on the technologies assessed in this paper, 
highlighting their technical functionality and compatibility. In addition, some discussion is given as to 
why these selected hardware and software may be important for current and future production.  

Computing Equipment 

Personal Computers (PCs) 

Personal computers are a ubiquitous form of capital used in firms around the world. The PC, 
combined with software found on many operating systems allows the user to produce documents, 
access and manage databases, communicate with people internally and access or distribute information 
externally if connected to the internet. Within the CiTDB, PCs are classified into either desktop 
computers or laptops. The functionality between the two can be relatively similar, the main difference 
being that desktops are more of a fixed form of hardware and laptops are designed to be mobile.  
Given the multi-functionality as well as the compatibility of PCs with other forms of hardware and 
software, it has been used by a number of researchers as a proxy for the IT intensity within the firm12. 
The idea being, the greater number of PCs per employees the greater overall information intensity of 
the firm. Although as noted below the reliability of such an indicator as a general proxy for IT 
intensity may be decreasing with time. Exploring changes in the intensity of desktops and laptops over 
time provides important insights both in terms of the information intensity of the firm as well as 
potential substitution between fixed and mobile forms of hardware.   

Servers 

Servers (in terms of the hardware component), represent a designated machine which responds to 
requests from other computing hardware. The general function of a server is to share information 
either with other computers or itself. Examples of this include sharing files and folders within a 
department, hosting web based applications, providing computing resources either as a location to 
store files or a central location for additional processing power. The performance capabilities of 
servers can vary across a number of models and sizes (PC Mag 2016). In the past, firms utilizing 
servers needed to have the equipment and applications physically installed within the establishment. 
However with the onset of Cloud Computing businesses can now access an IT infrastructure through a 
third party provider. As a result, firms are beginning to use cloud solutions more since it is easy to 
implement and because it can provide firms with greater flexibility through enhanced scalability 
(OECD 2015b).  

Since the function of servers is to enable the sharing of resources between one or more clients as 
well as processing information, it is also likely to provide insights regarding information intensity of a 
plant. Unfortunately, the CiTDB does not distinguish servers by size, but merely provides the total 
number of servers used within the establishment. Despite this however it is reasonable to assume that 
firms using a greater numbers of servers transfer, store and process information more intensively. 
Differences in server intensity across countries and sectors are thus likely to illustrate disparities in 
overall ICT usage given that all the countries in the sample are at similar levels of development. At the 
same time, changes in the usage of servers overtime may highlight the likely substitutability (for some 
types of firms) between in-house use and the cloud.  
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Telecommunication Equipment 

Extensions  

Extensions refer to the number of business telephone extensions used within the firm. Generally 
speaking a business telephone extension is a phone line within a firm connected to a private branch 
exchange (PBX) which enables multiple phone lines without the need for separate external lines for 
each internal line.  

Network lines 

Network lines refer to a communication used by a business to for specific purposes, unlike public 
infrastructure, like the telephone exchange network. These communication cables are meant to have 
consistent bandwidth properties latency, important for data intensive communication such as video 
conferencing.  

Software 

ERP software 

Information integration software such as ERPs is a technology believed to enable more efficient 
business management through the integration of the main business functions of a firm. ERPs integrate 
firm activities such as logistics and shipping, production planning, sales, payments and so on, 
providing real time information for day to day decision making. An example of this would be say, 
when the last product is sold from a firm’s Asian distribution centre; real time information regarding 
stock depletions are communicated to the production department who can most efficiently produce 
and deliver an additional product to that location. As a result ERPs are thought to be complementary to 
cost effective business practices such as Just-in-Time manufacturing and delivery systems.  

The beneficial effects of ERP investments on firm performance were quantified early on in work 
from Hitt and Zhou (2002). Their results imply that businesses which adopt ERPs exhibit greater 
labour productivity, higher returns on investment and margins, despite an initial decrease in 
productivity during the initial period of the technology rollout. Understanding the differences in ERP 
usage both across and within countries allows policy makers to identify areas in the economy which 
lag behind others in terms of technology adoption. The CiTDB contains information on a range of 
integration software including accounting, finance, inventory management systems and so on. 
Therefore in the descriptive section information integration and ERPs are assessed together, while in 
the empirical section both information integration technology and ERPs are examined separately. 

CAD/CAM and Innovation software 

CAD/CAMs represent a host of ICT systems which enable the creation, evaluation and 
production of products. CADs refer to computer systems which enhance an inventor’s ability to create, 
evaluate and optimize new designs digitally. The design created within CADs results in electronic files 
which can be used in 3D printing, more standard forms of manufacturing and other aspects of the 
production process. CAMs on the other hand, are the software which uses the output of the CAD file 
to guide production equipment during the manufacturing process. The two technologies are therefore 
important complements. CAD/CAMs can enable greater innovative output, through increased 
efficiency in R&D and more flexible production, particularly in the manufacturing sector.   
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The CiTDB provides information on a range of innovative software such as such as engineering, 
product design and laboratory research in addition to information on CAD/CAMs software. Therefore 
similar to integration software, within the descriptive section innovation software will be assessed 
together whereas the empirical section will examine the extent to which firm and regional 
characteristics are correlated with innovation software as a whole and CAD/CAMs separately.  

Data Management software 

Data management software allows businesses to more effectively use large amounts of data 
through enhanced access, storage and integration of information. Such software is usually compatible 
with standard coding language where data structures can be easily adapted to changes in business 
needs. Advances in this technology are enabling even greater storage, manipulation and retrieval of 
data allowing firms to obtain important information from their data in order to enhance their 
competitiveness as well as helping to drive the big data revolution (McAfee and Brynjolfsson 2012). 
At the same time, while this technology is available from standard business providers, more products 
are becoming available free online through open source software (PC Mag 2016).  

Security Software 

Security programs refer to software designed to protect computer users from an unauthorized 
interception of information. There are a large number of software packages for this purpose including, 
anti-malware, anti-spyware, firewalls, encryption software and so on. Firms can also be at risk of an 
intrusion when communicating external over public internet infrastructure. In such cases Virtual 
private networks (VPNs) allows for encrypted communication over public infrastructure enabling 
remote workers or branch offices to more securely access their company’s network.  

Work by OECD (2015a) reports accumulating evidence on increased frequency of incidents of 
digital intrusion targeting firms, public organizations and individuals. These breaches of security can 
result in financial loss, damaged consumer reputation, loss of privacy and occasionally physical 
damage. Increased cyber threats are particularly alarming given both the importance of digital 
interconnectedness of the economy and the growing importance of intangible assets to the firm. 
Therefore firms’ looking to maintain a competitive edge in the coming years need to ensure they are 
not only adopting appropriate ICT, but also securing their systems from cyber attackers. Assessing the 
adoption of security software (although far from straight forward) provides insights to policy makers 
as to whether businesses within their country are keeping up with the ever growth threat of 
cybercrime.  

Groupware software 

Groupware and other forms of collaborative software can enable people to jointly collaborate on 
projects simultaneously towards a common objective. The various functions of groupware include (but 
are not limited to) calendar schedule sharing, group writing and creation, collective database 
availability and so on. One of the benefits of groupware is that it allows people to work together 
regardless of their location thereby, allowing the organizational structure of the firm to be more 
flexible (PC Mag 2016). In addition, by enabling greater collaboration amongst a host of contributors, 
collaborative software may lead to greater innovation and more efficient production processes.  
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APPENDIX II 

Figure A.1      List of countries and their years present in the sample 

 

Country Time Period
Austria
Belgium
Denmark
Finland
France
Germany
Ireland
Italy
Luxembourg
Netherlands
Norway
Portugal
Spain
Sweden
Switzerland
United Kingdom
Canada 2000-2012
Czech Republic
Hungary
Slovak Republic

2000-2012

2004-2012
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APPENDIX III 

Below are the sample statistics on the various policy environments as well as hardware and 
software usage for the year 2012.  

Figure A.2    Summary of Policy Indicators, 2012 

 

Sources: calculations based on data from the OECD, World Economic Forum and the World Bank 

 

Figure A.3   Summary of Hardware use and Employment, 2012 

 

Source: Based on calculations from the CiTDB 
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Figure A.4    Proportion of Establishments using Software, 2012 

 

Source: Based on calculations from the CiTDB 
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APPENDIX IV 

A.5   Extension per Employee: 2012 

 

 

Note: since hardware is an account variable in the CITDB, the above are listed as intensity measures Information of extensions 
is only present for the last three years of the sample period.  

Source: Calculations based on CiTDB database. 
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A.6   Network lines per Employee: 2012 

Note: since hardware is an account variable in the CITDB, the above are listed as intensity measures Information of extensions 
is only present for the last three years of the sample period. Also there is not information on network use available for 
Switzerland and Austria.  

Source: Calculations based on CiTDB database. 

 

A.7   Proportion of Establishments using Innovation Software: 2000, 2006 and 2012 

Note: since software is an indicator variable in the CITDB, the above are listed as propensity measures. 

Source: Calculations based on CiTDB database. 
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A.8   Proportion of Establishments using Security Software: 2000, 2006 and 2012 

Note: since software is an indicator variable in the CITDB, the above are listed as propensity measures. 

Source: Calculations based on CiTDB database. 

A.9   Proportion of Establishments using Groupware Software: 2000, 2006, 2012 

Note: since software is an indicator variable in the CITDB, the above are listed as propensity measures. 

Source: Calculations based on CiTDB database. 
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NOTES  

 
1  It is important to note that the analysis is done at the establishment-level; as such, countries with 

larger numbers of single plant firms may tend to have a higher proportion of ERP usage since these 
applications are usually installed on servers at firm headquarters (Oracle 2004).  

2  Access to the cloud can in some cases negate the need for substantial investment in hardware 
infrastructure while at the same time provide firms with storage facilities, processing power, and a 
range of application services (OECD 2015b and OECD 2015c).   

3. Due to the nature of the CiTDB hardware technologies are listed as the totals, whereas information on 
software is whether or not a firm is using a particular program, i.e. a 0,1 scenario. As a result, when 
ict  represents hardware, OLS is used and when ict is software Logit estimation is employed.   

4  Plants are considered being knowledge intensive by their 2-digit industry based on the Statistical 
Classification of Economic Activities in the European Community (Eurostat 2012). 

5 . Information on the methodology used for these indicators can be found at OECD (2014a).  

6 . A full explanation of the methodology can be found here World Bank (2016).  

7 The modest increase in financial constraints here refers to an increase of one standard deviation. 

8.  During this time dial-up only offered speeds up to 64Kbits/second whereas ADSL technologies could 
deliver connections speeds up to 8,000Kbits/second. 

9. The specific survey questions related to the following indicator are the following: 1) How developed 
are your country’s laws relating to the use of ICTs (e.g., electronic commerce, digital signatures, 
consumer protection, 2) To what extent does the government have a clear implementation plan for 
utilizing ICTs to improve your country’s overall competitiveness, 3) In your country, how successful 
is the government in promoting the use of ICTs, 4) In your country, to what extent do government 
purchasing decisions foster innovation? Please refer to World Economic Forum (2015) for additional 
discussions and technical notes on all WEF indicators. 

10. PMRs for the economy as a whole are also perceived to influence technology adoption. In this paper 
we choose to focus on PMRs of the telecom sector given the likely complementarity between the price 
and quality of telecom goods and services and ICT adoption.   

11 Given the nature of the CiTDB, hardware usage (listed as a count such as total number of PCs) will be 
assessed within an OLS framework whereas software (listed as a dummy) will be assessed within a 
Logit model. As a result, coefficients for hardware reflect elasticities whereas coefficients for software 
are log odds. 

12  See Bloom et al (2016) who notes that PC intensity is a useful measure since technology totals are 
recorded in the same manner and do not require deflators, ensuring that the measures are consistent 
across countries and the sample period. 
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