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Why does the adoption of ICTs require time? Why do the intensity and the scope of ICT use differ across 

firms, industries and countries? The analysis of ICT diffusion tries to answer these questions. 

This paper presents the main models of technology diffusion and reviews the empirical studies of 

the determinants of ICT adoption in order to get some useful insights for policy making. 

Models of technology diffusion 

Since Griliches‟ seminal contribution (1957), many studies have tried to shed light on the factors 

behind the decision of a firm to adopt a new technology. Following Karshenas and Stoneman (1995), these 

studies can be group under four different approaches: epidemic, rank/probit, stock and order-effects 

models.  

By far the most popular approach, the epidemic model is based on the intuition that the adoption 

of a new technology is limited by the diffusion of information about it. The diffusion process, therefore, is 

analogous to the process by which epidemics spread: users of the new technology pass information onto 

non-users who, in turn, adopt the technology and spread information further. Hence, the higher the number 

of ICT adopters, the more likely a non-user is to get to know about these technologies and start using them. 

One of the main drawback with the epidemic model is that it does not consider the heterogeneity 

of potential adopters, and thus, it does not provide any insights on firms‟ decision-making process on 

whether (and when) to adopt the new technology. Considerations such as these have led some scholars to 

develop models that focus on the factors that determine the potential benefits of adoption.  

Rank models, also known as probit models, are based on the idea that the benefits from adopting 

a new technology depend on the characteristics of the firms and the markets (Geroski, 2000). As the 

returns from adopting a new piece of ICT equipment or software are not known with certainty, firms may 

form different expectations. In addition, a firm‟s capability to exploit ICT is largely determined by the 

skills of its employees, so that the propensity to adopt will vary on the level of human capital. Likewise, 

financial and technical resources determine whether the firm will be able or not to afford the costs arising 

from the adoption ICT. 

In stock and order-effects models, the profitability of adopting a new technology depends on 

the number of previous adopters and the order of adoption. On the one hand, the later adoption takes place, 

the lower the benefit from adoption because the number of competing firms that already use the technology 

is large. On the other hand, later adopters may benefit from positive network externalities and spillovers. 



Network externalities take place when the benefits from the use a technology increases with the number of 

users. For instance, the potential return from e-commerce depends, for a firm, on the number of online 

shoppers. Therefore, the larger the number of Internet users who buy on the Internet, the higher the 

expected return from adopting e-commerce. In addition, late ICT adopters might benefit from learning 

about the experiences of early adopters. 

Empirical findings on ICT diffusion  

The empirical literature on ICT diffusion has tried to integrate several of the theoretical 

approaches presented above (Karshenas and Stoneman, 1995; Battisti et al., 2007, 2009; Hollenstein and 

Woerter, 2008).  

The characteristics of the firms and markets, the availability of ICT infrastructures, the price of 

ICT services and the regulatory environment have been found to be key elements to explain differences in 

ICT adoption across firms and industries. 

Firms’ characteristics  

The role of firms‟ size has been largely explored in the literature on technological diffusion. 

Economic theory suggests a positive relationship between size and technology adoption. Given the risks 

and costs of early adoption, large firms are in a better position to adopt because they have fewer financial 

constraints and are likely to be less risk averse. In addition, they might have stronger incentives to innovate 

in order to pre-empt rivals. Also, the scope for innovation complementarities is likely to be greater in larger 

firms (Haller and Siedschlag, 2010). 

 Contrary to these predictions, the empirical evidence on the relationship between firm size and 

ICT adoption is mixed. While a number of studies find a positive correlation between firm size and 

adoption (Teo and Tan, 1998; Thong, 1999; Fabiani, Schivardi and Trento, 2005; Giunta and Trivieri, 

2007), other studies find a weak or insignificant relationship (Teo, Tan and Buk, 1997; Lefebvre et al., 

2005; Love et al., 2005). 

Hollenstein (2004) suggests that this relationship might be nonlinear. He finds that in a sample of 

Swiss enterprises, firm size is positively related to early and intensive use of ICT only in firms with up to 

200 employees. He also finds that medium-sized companies use the Internet more intensively in 

comparison to large firms. Similarly, Battisti et al. (2007) find that, once they have adopted ICT, small 

firms are likely to use ICT more intensively than larger firms. 

Another key factor in the economic literature is the relationship between human capital and 

technology adoption. The adoption of any new technology requires a workforce with the appropriate skills 

to use it. This requirement becomes particularly important in the case of complex computerised systems 

(Avartinis, 2005). In addition, several authors have shown that firms can fully benefit from ICT as long as 

investment in these technologies is accompanied by complementary investments in human capital and 

organizational change (Brynjolfsson and Hitt, 2000; Black and Lynch, 2001; Bugamelli and Pagano, 

2004). In this sense, Bresnahan et al. (2002) find that firms which have established flexible and 

decentralized forms of workplace organization get higher returns from ICT adoption.  
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ICT diffusion seems to depend on a firm‟s technological experience as well. Considering firm‟s 

age as a proxy for experience, it could be argued that older firms are more likely to adopt ICT than younger 

ones since they might be able to better assess the risks of introducing the new technology. However, being 

older might also imply less flexibility to the organisational changes that the adoption of a new technology 

make necessary. Probably due to these conflicting effects, the empirical evidence on the relationship 

between age and ICT is not conclusive: some authors detect no significant impact (Bertschek and Fryges, 

2002; Bayo-Moriones and Lera-Lopez, 2007; Giunta and Trivieri, 2007), while other do find a negative 

effect (Gambardella and Torrisi, 2001). 

Firms also accumulate experience by using other related technologies. For instance, the adoption 

of e-commerce might be easier for firms that have been doing transactions over networks, such as those 

involved in Electronic Data Interchange (EDI), than for those that have no previous experience. However, 

switching from EDI to Internet trade might also involve learning and sunk costs. Empirical evidence shows 

that the positive effects from the use of predecessor technologies are usually stronger than the negative 

ones (Bertschek and Fryges, 2002). 

Market’ characteristics 

The diffusion of a new technology is also influenced by the characteristics of the market in which 

a firm operates. In this sense, market concentration is expected to be negatively correlated with ICT 

adoption: the more firms in a market, the higher the competitive pressures and the higher the incentives to 

adopt (Arduini et al., 2010).  

Firms facing stronger competition are more inclined to innovate and adopt new technologies, 

such as ICT, in order to strengthen their performance and chances of survival (Porter, 1990). ICT adoption 

can reinforce a firm‟s competitive position by improving its ability to rapidly react to market changes and 

customer needs as well as by reducing costs (Bayo-Moriones and Lera-Lopez, 2007; Bocquet et al., 2007). 

Empirical evidence shows that, in general, the competitive pressures faced by firms are positively 

associated with ICT adoption (Dasgupta et al., 1999; Kowtha and Choon, 2001; Hollenstein, 2004; Arduini 

et al., 2010). However, some studies do not find any significant effect, particularly when the adoption of 

ICT by a firm is driven by the attempt to imitate its competitors (Teo, Tan and Buk, 1997; Thong, 1999; 

Jeon et al., 2006) . 

It has also been argued that firms exposed to international competition are more likely to 

innovate and to adopt new technologies. Hollenstein (2004), Lucchetti and Sterlacchini (2004), Bayo-

Moriones and Lera-Lopez (2007), and Giunta and Trivieri (2007) find evidence that firms that export are 

more prone to use ICT. 

Similarly, foreign-owned firms are more likely to be early adopters of new technology and to act 

as a channel of diffusion for the new technology (Keller, 2004; Narula and Zanfei, 2005). However, Teo 

and Ranganathan (2004) find no difference between foreign-owned and domestic plants with respect to the 

adoption of business-to-business (B2B) electronic commerce in Singapore. 



In some cases, it is the presence of “big players” in the market that leads to adoption. For 

instance, the use of e-procurement by Public Administrations provides a strong incentive for firms to adopt 

this tool.  

 Market structure is a key variable in epidemic models: a low level of concentration, ie: a large 

number of potential adopters, tend to increases the likelihood of contamination among firms (Arduini et al., 

2010). These epidemic effects have been found to play a major role in the diffusion of e-commerce and e-

business (Hollenstein and Woerter, 2008; Battisti et al., 2009). 

Supply-side factors 

On the supply side, the main factors influencing ICT diffusion are related to the availability of 

ICT infrastructure and to the prices and the structure of ICT markets.  

When the adoption of a new technology requires specialised infrastructures, areas with a higher 

level of infrastructure will be the first to adopt (Billon et al., 2009). Cities have traditionally shown higher 

rates of broadband diffusion than rural areas because they have better telecommunications infrastructure 

and the costs of deployment of new infrastructures are lower. In this sense, Giunta and Trivieri (2007) find 

that firms located in the South of Italy are less likely to use ICT-advanced applications than those in the 

North. 

ICT diffusion is also related to the market structure and the degree of competition among 

providers. Hargittai (1999) finds evidence of a significant and negative impact of telecom monopolies on 

Internet adoption.  More recently, the results of Andrés et al. (2010) indicate that the number of Internet 

service providers and adoption rates are positively correlated. 

Nonetheless, market liberalization might have little influence on diffusion unless it leads to a 

reduction in prices (Kiiski and Pohjola, 2002). The last decade has been characterised by a significant fall 

in prices in the telecom sector: between 2005 and 2008, the OECD area registered an average reduction of 

14% per year in broadband prices, which stimulated the take-up of this technology (OECD, 2009). 

Regulatory environment 

Along with the factors considered above, the general regulatory environment might also have 

some effects on the speed of diffusion. The effects may be negative, to the extent regulation hampers the 

adjustments necessary to the adoption of ICTs; or they might be positive, to the extent regulation reduces 

technological uncertainty by mandating a particular technological standard.  

Conway et al. (2006) test the effect of product market regulation on ICT investment in a pool of 

OECD countries and find that restrictions to competition have a strong negative effect. More generally, an 

economy-wide regulatory environment unfriendly to competition and excessive administrative burdens on 

firms are also found to curb investment in ICT. Financing difficulties due to inappropriate banking 

regulation account for some of the observed cross-country differences in ICT take-up. Finally, regulation 

in the retail trade sector is found to have a distinct negative impact on ICT investment. Overall, these 

results suggest that substantial increases in ICT investment would occur in a number of countries if they 

were to reform product market regulation as to reduce restrictions to competition. 
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Issues for discussion  

 

The empirical evidence about the determinants of ICT diffusion is mixed and this indeterminacy 

makes it difficult to define clear policy targets. Most papers dealing with ICT diffusion at firm-level are 

cross-sectional and they do not capture the time dimension which is typical of the diffusion process. Do 

different empirical findings reflect different characteristics of industries and countries? To what extent are 

they a result of different theoretical hypotheses and analytical approaches? 

Empirical studies also tend to overlook the distinction between inter and intra firm diffusion of 

ICT. However, the economic effects of ICT do not depend only on whether a firm uses it or not but also on 

the intensity and scope of its use. Policy implications would also be different depending on whether the 

target is inter or intra firm diffusion. 

The availability of ICT infrastructure and the prices and the structure of ICT markets are 

expected to play a great role in the diffusion of ICT among firms. While the available evidence provide 

some support to this idea, further analysis is necessary to measure the exact impact of supply-side factors 

on ICT diffusion. 

Several studies suggest that excessive market regulation may result into lower investments in 

ICT. Regulation may be hampering ICT diffusion, but it serves other policy purposes. In order to gain 

support for change in regulation, one needs compelling evidence that the costs from these changes are 

more than offset by the benefits delivered by higher ICT diffusion. This is clearly a piece of evidence that 

is highly needed but not an easy one to deliver. 
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