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Abstract 

 

Changes of industrial leadership across countries are common in the history of capitalism. 
This paper relies on a set of simulation	  to	  study the combined effect of public policy and 
technological change in fostering catch-up. We find several interesting results. First, we 
confirm that capability building and support to firm learning are important drivers of catch 
up. Second, we find that entry support can favour catch-up only if it is combined with large 
technological discontinuities; in the absence of such discontinuities entry support has no 
impact on catch-up. Third, we show that that protectionism can favour catch-up only in the 
absence of technological discontinuities; when technological discontinuities open, 
protectionism has a neutral and sometime deleterious effect on catch-up. Fourth, we find that 
in presence of technological discontinuity there exist complementarity between capability-
related interventions and policy that favour the exploration of technological opportunities, i.e. 
technology targeting and entry support. Fifth, we show that in the absence of technological 
discontinuity catch-up succeeds only through of a composite mix of policies. In our view 
these results add to the previous literature by qualifying the technological conditions under 
which public policies are effective in fostering catch-up. 
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1. Introduction 

This paper examines the effects of different types of public policy – ranging from capability 

building and support to firms’ learning to protectionism, technology targeting and entry 

support – on the process of catch up between an incumbent country and a latecomer country 

in changing and uncertain technological and market environments. It does so by relying on a 

simulation model of industry evolution that was originally developed to study the emergence 

of catch-up cycles in global industries (Landini et al., 2013). In this paper we extend the 

analysis by examining how different types of public policy combine with technological 

discontinuities to sustain (or alter) catch up. 

Episodes of catch-up and change of industrial leadership among countries are a constant in 

the history of capitalism. As early as the 19th century Germany took over Britain as leader of 

the chemical industry (Landes, 2003). The following century saw the cases (among the 

others) of Britain catching up with US in the shipbuilding industry (Lim and Kim, 2013), as 

well as Japan overcoming Germany in the camera industry (Kang and Song, 2013). More 

recently, episodes of sustained change of industrial leadership characterized several industries 

spanning from IT services – where India took over US and Ireland (Mani, 2013) – and 

semiconductors – where Korea surpassed Japan (Shin, 2013) – to soybean production – 

where Brazil caught up with US (Gu et al., 2012). 

The factors underlying these processes of catch up have attracted the attention of several 

scholars and policy makers. While the early literature focused primarily on the contrast 

between the role of government and that of market in fostering catch up (Amsden 1989; 

Chang 1994), there is today agreement on the importance of government intervention. If 

anything, the question has become to identify which types of public policy are best to favour 

catch-up. The aim of this paper is to offer a contribution in this direction. 

In particular, we are interested in verifying the extent to which policies of support to firm 

learning and capabilities can explain catch-up vis-à-vis other forms of policy intervention in 

contexts characterized by different degrees of technological change. Most of the recent 

literature on economic development has indeed emphasized the importance of learning and 

capabilities as key drivers of catch-up (see for instance Matthew, 2002; Lee, 2013; 

Figueiredo, 2002, 2008; Dantas and Bell, 2012). Relatively little attention, however, has been 

placed on the interplay between different forms of policy intervention (including, but not 

being restricted to, learning and capability building) and technological change. How do 

capability building and support to firm learning combine with technological discontinuities in 
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creating opportunities for catch up? Are other forms of policy intervention better suited to 

favour the exploration of such opportunities? Do policy interventions have indirect and 

perhaps unintended consequences on the way in which catch-up proceeds? These are the 

main questions addressed in this paper. 

In developing our model we take as main reference the windows of opportunities approach 

to catch-up, as developed by Lee and Marlerba (2013). The model is inspired by the 

evolutionary models of Nelson and Winter (1982) and the history-friendly tradition (Malerba 

et al., 1999, 2008a; Malerba and Orsenigo, 2002). Differently from standard history-friendly 

literature we do not consider any industry in particular, rather we study a model that is 

general enough to capture the gist of catch-up in more than one industry. In doing so we 

focus on the commonalities that characterize most episodes of catch-up, such as: the arrival 

of a new technology as a window of opportunities for latecomers, the working of incumbents’ 

trap and technological lock-ins, the presence of latecomers’ advantages in technological 

upgrade and the role of systemic and nation-wide policy interventions that favour catch-up. 

The results of our simulations can be summarized as follows. First, we find that while 

capability building and support to firm learning are indeed important drivers of catch-up 

other policies can have a major impact too. In particular, both entry support and technology 

targeting can lead to successful catch-up, provided that a sufficiently large technological 

discontinuity opens. Second, we find that in presence of radical technological change 

protectionism can have a deleterious effect on catch-up, in that it increases the chances that 

the latecomer ends up being locked-in into old technologies. Third, we find that radical 

technological change generates some positive degree of complementarities among policies. In 

particular, we observe that capability building and support to firms’ learning is highly 

complementary to either entry support or technology targeting. The reason is that while the 

former tends to favour the accumulation of firm-level competences, the latter improves the 

exploration of technological opportunities. Finally, we find that in the absence of radical 

technological discontinuity no isolated policy is sufficient to produce an effective change of 

industrial leadership. Rather, a combination of market protection, capability building and 

support to firm learning is necessary. In this technological scenario entry support is relatively 

ineffective. 

Overall, we believe that our paper makes some important contributions: first, we show that 

in presence of radical technological discontinuities policy that improves the exploration of 

technological opportunities can be as important as policy that support firms’ capabilities in 
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favouring catch-up; second, we highlight the existence of some degree of complementarity 

among different policy aimed at fostering catch-up; third, we show that in absence of radical 

technological discontinuities successful catch-up requires a composite mix of interventions: 

no policy implemented alone is effectively capable of sustaining catch-up. 

The remaining part of the paper is organized as follows. Section 2 discusses the related 

literature and presents the windows of opportunities approach to catch-up.  Section 3 

describes the public policies that will be taken into consideration in our model. Section 4 

briefly discusses the methodology, i.e. simulation models as a tool for policy analysis. 

Sections 5 and 6 describe the model and the simulations respectively. Section 7 presents the 

results. Section 8, finally, concludes. 

 

 

2. Literature review 

A considerable body of research examines the nature of industrial catch-up. The early 

development literature, see for instance Krugman (1979) and Findlay (1978), puts much 

emphasis on role of technological transfers. This literature focuses on explaining how 

developing countries have been able to catch up with advanced countries by assimilating and 

adapting the latter’s more or less obsolete technology. This approach is consistent with the 

so-called product life cycle theory developed by Posner (1961) and Vernon (1966), which 

stresses the cost of production as a critical factor behind the choice of developed countries to 

delocalize production in developing countries. According to this view it is thanks to this 

delocalization that developing countries can gain access to advanced technologies and 

eventually trigger a sustained process of industrial growth. 

During the 1980s and 1990s this technology-based view of catch-up has been questioned 

by a series of works that shifted the attention to the role of firm learning and capabilities (e.g., 

Bell, 1984; Katz, 1987; Lall, 1992; Bell and Pavitt, 1993; Kim, 1997; Dutréint, 2000; 

Matthew, 2002). According to this alternative approach (that can be defined as capability-

based view) the focus on cost-based comparative advantages (in particular wages) explain 

very little of the reasons behind the success of latecomer countries. Industrial development is 

not a cumulative unidirectional process, where new technologies can be adopted and 

implemented at zero cost. Rather, it requires the ex-ante accumulation of substantial 

technological capabilities, i.e., skills, knowledge and institutions that make up a country’s 

capacity to generate and manage change in the industrial technology it uses (Bell and Pavitt, 
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1995). During this accumulation process latecomer firms find key support in the set of 

institutions and organizations that composes their national system of innovation (Freeman, 

1987; Nelson, 1993; Lundvall, 1992). 

Based on this capability-based view, several papers have provided an empirical account of 

the role that learning and capabilities play in specific episodes of catch-up. Figueiredo (2002), 

for instance, shows that inter-firm differences in technological capability accumulation 

explain a large portion of the increase in operational performance of Brazilian steel 

companies. Similarly, Mu and Lee (2005) investigate the growth of technological capabilities 

in the telecommunication industry in China and find that they are of key importance in 

favouring industrial growth. With particular reference to South Korea, Lee (2013) goes as far 

as to argue that the real lesson one can learn from the country’s experience of catch-up is not 

the role of government per se, but rather the fact that it was able to strengthen the capability 

of firms, thus inducing sustained growth for several decades. Lall (2001) and Figueiredo 

(2003, 2010) find similar results. 

Although there is little doubt on the key role that learning and capabilities play in 

favouring economic development, some recent contributions have questioned their validity as 

unique drivers of catch-up. Lee and Malerba (2013), in particular, argue that while learning 

and capabilities may help explaining why a country catches up, they may not be able alone to 

explain why one country that caught up and reached the leadership then may loose it and be 

displaced by firms of another country. Similar episodes of successive catch-up among 

countries are indeed frequent in many industries and a general enough theory of catch-up 

needs to be able to explain them. Along the same lines, the approach of the national systems 

of innovation does not have a proper dynamics that is able to comprise both the rise and 

decline of a country (Edquist, 1997). 

Starting from this consideration, Lee and Malerba (2013) develop an alternative 

framework to explain catch-up, which incorporates but is not restricted to learning and 

capabilities. This framework takes as starting point the concept of sectoral system of 

innovation (Malerba, 2002) and sees catch-up as the outcome of discontinuities emerging 

along three dimensions: demand, technology and policy/institutions. These discontinuities 

open windows of opportunities for latecomers to catch up with incumbents. Depending on the 

strategic responses of firms (which in turn depend on their capabilities), different patterns of 

catch-up may emerge, spanning from aborted and sustained leadership cycles (where no 
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change of leadership occurs) to repeated leadership cycles (where leadership shifts 

recursively over time).  

Recently, the model of catch-up cycle proposed by Lee and Malerba (2013) has been used 

to interpret episodes of catch-up across several industries, including (among the others) steel 

(Lee and Ki, 2013), mobile phones (Giachetti and Marchi, 2013), aircrafts (Vértesy, 2013), 

games (Izushi and Aoyama, 2013), semiconductors (Shin, 2013) and wine (Morrison and 

Rabelotti, 2013). Inspired by some of these cases, Landini et al. (2013) develop a “history-

friendly” model to study the technological conditions under which repeated cycles of catch-

up are likely to emerge.  

In this paper we make a step further with respect to this literature and test the combined 

effect of technology windows and policy windows on catch-up. Using a modified version of 

the model developed in Landini et al. (2013) we run a set of simulations to investigate how 

distinct policy interventions fare in contexts characterized by different degree of 

technological change. In doing so we are particularly interested in studying the effects of the 

policies on the dynamics of market shares and rate of technology adoption. 

 

 

3. Public policy and catch up: some general remarks 

Public policy in favour of catch-up takes different forms. In this paper we organize policy 

interventions in five groups: i) capability building; ii) support to firm learning; iii) market 

protection; iv) entry support and v) technology targeting. Each of this group has received 

wide consideration in the literature. 

Capability building is the policy intervention that is most commonly treated in the 

literature. Many Asiatic countries, most notably South Korea, relied on capability building as 

a key component of their catch-up strategy. The actual interventions associated with 

capability building differ from country to country. In some cases, such as for instance in 

China (ref.), they involved the launching of large state-owned companies with the objective 

of compensating the lack of competitive private firms. In other cases, such as in South Korea, 

they combined joint ventures to access foreign competences with large investments in public 

education and human capital (Lee, 2013). In all the cases the main contribution of these 

interventions has been to reduce the capability gap that separated latecomer and incumbent 

firms, thus making it possible for the former to successfully catch up with latter. 
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Similarly to capability building, another type of intervention that is widely debated in the 

literature consists of the policies that aim at improving firm learning. The main reference in 

this case is the concept of national systems of innovation and the view of innovation as an 

interactive process (Freeman, 1987; Nelson, 1993; Lundvall, 1992). In this framework firms 

are seen not as isolated monads that compete in ethereal markets, but as parts of an 

interconnected system that include suppliers, users, competitors as well as public institutions 

and organizations. It such system innovations originate from the systemic learning that occurs 

among the different actors involved, which enable firms to accumulate new competences and 

capabilities. Public policies must therefore facilitate this learning process, taking into 

consideration not only the degree of capabilities available in the country but also their 

dynamic accumulation (Teece et al., 1997). Examples of such policies include the launch of 

development programs to spread firms’ best practices as well as interventions to remove 

barriers to the mobility of skilled personnel between different kinds of organizations 

(Chaminade and Edquist, 2005).  

In addition to capability building and support to firms’ learning, a third type of policy that 

is commonly associated with catch-up is market protection. The latter usually encompasses a 

broad range of interventions, including: import tariffs, public procurement, and barrier 

against foreign direct investments. In general the rationale for this type of interventions goes 

back to the traditional infant industry argument originally developed by List (1904) and 

Hamilton (1791), according to which nascent industries need to be protected until they can 

attain economies of scale similar to those of the older competitors. Recent versions of this 

argument (Lall, 1992) put more emphasis on the role of learning-by-doing and suggest the 

need for latecomer countries to protect their emerging industries until indigenous firms have 

accumulated sufficient capabilities to be competitive in international markets. Historically, 

the adoption of market protectionism has characterized the development process of several 

countries. Vernon (1989) and Chang (2005) go as far as to argue that some forms of market 

protectionism have been used by every developed country in critical stages of 

industrialization, including UK and US. 

The fourth type of policy that we consider includes all the interventions that promote the 

entry of new firms. In several industries public policy in support of firms’ entry has been 

frequently used to increase competition and to foster a variety of approaches to technological 

advance and product development. In the computer industry, for instance, governments in 

Europe, US, and Japan have often recurred to these policies during the evolution of the 
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industry (Malerba et al., 2008a). Moreover, with specific reference to catch up, the provision 

of publicly funded venture capital as well as incentives for the creation of start-ups has been 

often indicated as a policy measure that can effectively obviate to the lack of risky capital 

while catching up (Rodrik, 2004). In countries that suffer from endemic shortages of financial 

capitals this type of interventions can be an important lever to grant a sustained supply of new 

entrepreneurial energies, which can in turn be vital triggers of industrial growth. 

Finally, successful processes of catch up have also been favoured by interventions that 

help firms to identify and adopt new and promising technologies. This type of intervention, 

which we call “technology targeting”, usually takes the form of large-scale and publicly-

funded research projects, whose main aim is to overcome the widespread disbelief of private 

firms towards the adoption of new and uncertain technologies. One of the best historical 

examples of such policy is the public-private partnership that led to the development of the 

CDMA (Code Division Multiple Access) system, which made it possible for South Korea to 

become world leader in the production of digital wireless equipment (Lee and Lim, 2001). 

In sum, the literature on economic development and catch up suggest that several policies 

can open windows of opportunities for catch up, going from capability building and support 

to firm learning, to market protection, entry support and technology targeting. How such 

policy windows combine with windows disclosed by the advent of new technologies, 

however, is less clear. In the following sections we will relay on a simulation model to 

address this issue. 

 

 

4. The methodology: policy analysis in simulation models 

Before proceeding with the analysis of the model and results, we spend few lines to discuss 

our methodology. In recent years there has been rising interest in the use of simulation 

models to study the effect of public policy (see Dosi et al., 2010; 2013; Malerba et al., 2001, 

2008b; Dawid et al., 2012; Neugart, 2008; Happe et al., 2008; Mannaro et al., 2008). 

Compared to standard approaches, simulation models offer the possibility to be much more 

precise in describing the features of real phenomena. The behaviour of the variables of 

interest emerges from the interaction of lower level entities (being them firms and/or 

consumers) and it is thus less dependent on original assumptions. At the same time 

simulation models give researchers full control of the causal mechanisms underlying the 
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observed results, making possible inferences that would otherwise be difficult on the basis of 

real data. The latter aspect makes simulation models particularly useful for policy analysis. 

These advantages, however, come at a cost. The complex and stochastic nature of 

simulation models often makes it impossible to derive closed-form analytical solutions. As a 

consequence, researchers have to rely on numerical techniques and simulation analysis to 

understand the “average” behaviour of the variables of interest. In this process different 

approaches can be adopted to identify the correct model calibration, going from the direct 

estimation of some key parameters to “history-friendly” approaches (see Garavaglia, 2010), 

where the main objective is to replicate stylized historical facts. The final decision on the type 

of approach to follow usually depends on the general scope of the analysis, i.e. whether the 

simulation model is used to deliver quantitative implications (and must be then judged on the 

grounds of its fit to real-world data) or only as a generator of qualitative and causal 

implications (Pyka and Fagiolo, 2007). 

In this paper we follow the second approach. Our simulation model is used manly as a 

“research tool” (or laboratory) where we can address qualitative issues concerning the role of 

public policy and technological change in favouring catch-up. The model is calibrated taking 

as reference a slightly modified version of the “history-friendly” parameterization used in 

Landini et al. (2014). Starting from this condition, we run a series of experiments to 

investigate how the salient variables behave for changes in both policy-specific and 

technology-specific parameters. In doing so we are very much interested in understanding 

what the model can tell us about the efficacy of public policies to foster catch-up. 

 

 

5. Model 

We cannot provide here a full account of the model. The reader is referred to Landini et al. 

(2013) for a complete presentation of the formal model and for the details. In the following 

sections we present only a broad overview of its main components. In Appendix A.1 we 

discuss few formal changes that we introduced to make the model best suited to the specific 

aim of the paper. 

 

5.1 Overview 
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We consider an industry with two main components: the market space and the technology 

space. The former is a characterization of consumers’ preferences for the products and their 

characteristics. We assume products to differ along their perceived quality. Demand is 

vertically fragmented, with consumers having heterogeneous minimum quality thresholds. 

Products that do not meet these minimum requirements are not purchased. 

The technology space is a characterization of the technological and innovation 

opportunities available to firms. We consider both continuous changes and discontinuities in 

technological innovation. Continuous changes are technical improvements along the 

technological trajectory defined by a given paradigm, while discontinuities are associated 

with the emergence of a new paradigm. R&D activities carried out by firms are the main 

force that is responsible for continuous progress along a given trajectory. Discontinuities are 

instead modelled as exogenous shocks that alter the structure and composition of the 

technical landscape. After a technological shock, firms face the opportunity to adopt the new 

technology and undertake a new technological trajectory. 

The link between the market space and the technology space is established through firms’ 

activities. Firms search the technology space in order to improve the techniques used in 

production and develop products that generate utility for the consumers in the market space. 

Firms are heterogeneous in a substantial way; they may differ either because they discover 

different techniques or because they do not have the same capabilities to serve the market. 

Differently from Landini et al. (2013) we consider an industry that is populated by only 

two competing countries. Firms of each country have access to the same technology space 

and can serve two distinct markets: one national market (namely the market of the country 

the firm belongs to), and one foreign market (namely the market of the other country). At the 

beginning of the simulation the industry (and the related market) is born only in one country. 

We call this country A, or the incumbent. After some periods an embryonic industry is born 

also in the other country, which we call country B, or latecomer. The factors leading to the 

emergence of the industry in country B are not of interest here and are not explicitly 

modelled. In general, they can be associated with any factor that favours the initial 

development of indigenous capabilities (for instance, technology transfer from country A 

through licencing or outsourcing). Once the industry is born also in country B, firms of 

countries A and B compete to gain market shares. The country whose firms serve the largest 

portion of the market is called the “industry leader”. 



	  

	   12 

In line with the systems of innovation framework we assume that country-specific 

organizations and institutions directly impact on the network of systemic interactions among 

firms. This in turn generates country-level effects on the firms’ capability to perceive and 

take advantage of innovation opportunities. In particular, we consider three main types of 

systemic effects:  (i) an “information effect”, which is associated with the role that the 

national systems of innovation play in orienting the firms’ searching procedures and technical 

change; (ii) a “complementarity / lock-in effect”, which is related to the impact that the web 

of interactions within a given country’s sectoral system has on the firms’ ability to perceive 

discontinuities in technological trajectories; and (iii) a “learning effect”, which is associated 

with the role that national systems of innovation play in favouring the accumulation of 

capabilities at the firm level. The combination of these three effects generates divergent 

processes of industry evolution in the two countries, which can eventually lead to a change of 

leadership. 

 

5.2 Technology space 

The technology space consists of an ordered vector of techniques. Firms search the 

technology space in order to find a technique to use in production. Each technique is 

distinguished by a specific “merit” and can be used to develop one product (single-product 

firm). The “merit” reflects how good the technique is given the technological environment in 

which production takes place (which is assumed to be the same for all firms). 

When the industry is born, the technology space is bounded by an initial technical frontier, 

which is randomly determined. This frontier corresponds to the best technique that can be 

picked by firms given the technological paradigm (first-generation technology). Following a 

change in the technological paradigm this frontier can then shift, giving to firms that adopt 

the new technology the possibility to search an expanded technology space, with techniques 

of a greater technical merit. The number and (average) merit of these new techniques 

determine the extent to which the technical window opened by the new technology is 

valuable for firms. In this paper we assume that shifts in the technical frontier can occur only 

once during the industry’s life. 

 

5.3 Market activities 

Although each firm can serve both the national and the foreign markets, we assume that firms 

are born with the propensity to serve their national market first. To serve the foreign market 
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firms face a sunk cost that can be paid only once a sufficiently large amount of financial 

resources are accumulated in a “export account” (see below). In addition to this, firms that 

serve their own national market enjoy an indigenous advantage over foreign firms, which 

derives from a bias of the national demand in favour of local products (e.g. public 

procurement). Finally, we assume that when serving the foreign market firms are subject to 

export tariffs. 

The probability that the product of a firm is sold in the market depends on three 

components: the merit of the technique used in production, the capabilities of the firm, and 

the price, together with the indigenous market advantage and tariff protection discussed 

above. To lend some credibility to the model we can imagine merit to capture technical and 

objective features of a given product, and capabilities as non-technical features related to how 

the product is marketed and distributed. The former is the result of the activities firms carry 

out to explore the technological space; the latter is a firm-specific trait that reflects the nature 

of organizational routines. The combination of merit and capabilities determines the 

perceived quality of the product. As discussed above demand is vertically fragmented and 

thus, depending on the quality thresholds of consumers, distinct market segments exist. Firms 

can access a given market segment only if their product satisfies the minimum quality 

threshold of that segment. It follows that the greater the perceived quality of the product, the 

larger the number of market segments that can be accessed and thus the greater the market 

share that can be achieved. At the same time, the probability that a product is purchased 

within a given market segment depends negatively on its price, positively on the indigenous 

market advantage, and negatively on the export tariff a firm is subjected to. Therefore, when 

serving the national (foreign) market, the smaller the price and the greater (smaller) the 

indigenous advantage (export tariff), the greater the firm’s market share. 

The total market share of a firm is computed as the sum of the market shares that are 

enjoyed across all segments that are served by the firm (both at home and abroad). A 

country’s market share is then the sum of the market shares of all the firms of that country. 

Whenever the market share of one country is greater than the market share of the other 

country, we say that the former is the “industry leader”. 

 

5.4 Price, profit and industry dynamics 

Firms pricing activities aim at profit maximization. In particular, firms set price by adding a 

mark-up on production costs. The size of the mark-up depends both on the elasticity of 
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demand (negatively) and the firm’s market power (positively), so as it results from the firm’s 

past market share. The profit of a firm is then computed as the sum of the profits obtained in 

the two countries. 

Firms enter and exit the industry depending on their performance. In particular, every 

period there is a positive probability that a cohort of new firms enters the industry in any 

given country. A new entrant starts by searching the technology space, and if she finds a 

suitable technique she has the chance to serve the market. Firms that at the end of the period 

have a total market share lower than a positive exit threshold are considered bankrupt and 

exit the industry. This exit threshold is assumed to be country-specific. 

The total number of consumers in the two countries changes over time following a logistic 

path. These changes are due to causes not explicitly modelled, such as population growth or 

poverty reduction. 

 

5.5 Innovation activities 

As mentioned previously, technical change occurs through the innovation activities carried 

out by firms. The latter, in particular, are modelled as follows. 

Every period, firms invest a fixed fraction of the profit earned in the previous in an R&D 

account, which is used to finance innovation activities. The remaining part of profit is 

invested in an export account, which is used to finance export, i.e., to cover the sunk cost 

when gaining access to the foreign market. Once the export account is sufficiently large to 

cover the sunk cost, firms gain the opportunity to serve the foreign market. From that period 

onward firms invest all profit in innovation activities. 

Innovation activities consist of searching procedures within the technical landscape. Every 

period, firms have the chance to extract a number of techniques that is proportional to the 

amount of resources invested in the R&D account. The probability that a technique is 

extracted is uniformly distributed. Once a new technique is discovered it is allocated a patent 

and no other firm in the industry can use it. If in a given period more than one new technique 

is found, firms adopt the one with the highest merit. 

Although the technological space is assumed to be common to all countries, the portion of 

the space that firms search is not. The latter, in particular, depends on the information 

received by the set of institutions and organizations that populate the country’s system of 

innovation. More in detail, we assume that whenever firms are faced with the opportunity to 

innovate they don’t know ex-ante the merit and position of the techniques they can search. 
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The only information they have is the merit of the technique they are currently adopting. At 

the beginning of every period, however, firms obtain an additional piece of information, 

which consist of the position of the firm that adopts the worst technique in the country. This 

allows firms to restrict their searching procedures to the window that goes from the position 

of the worst performing firm to the available frontier. As a consequence, although at the 

beginning of the simulation all firms face the exact same technology space, country-specific 

differences start to emerge as the innovation process proceeds. Depending on the type and 

number of firms that survive in any given country, the rate at which the technical frontier is 

approached will differ, and so will the dynamics of technical change. 

 

5.6 Discontinuities 

Industry evolution is marked by technological discontinuities. A discontinuity is modelled as 

the emergence of a new technology, which shifts the technological frontier. Firms adopting 

the new technology have access to an expanded technical landscape and thus have the chance 

to extract techniques with a greater technical merit. 

The probability that the firm of a given country perceives the existence of the new 

technology depends two factors. First of all, it depends negatively on the country’s 

performance while using the old technology. Such an assumption captures the role of 

country-level “technological complementarities” and “lock-in effects” in technology 

adoption. Secondly, the perception of the new technology depends positively on the existence 

of country-level institutions and organizations that help firms in recognizing the emergence 

of new technological opportunities. In addition, we assume that new entrants entering the 

industry once the new technology has already been adopted by at least one firm of their 

country perceive the new technology with probability one. 

If a firm perceives the existence of the new technology, the choice to adopt depends on the 

comparison of two components: the negative impact that the new technology has on the 

capabilities accumulated by the firm within the old paradigm (capability loss); and the 

expected gain in terms of technical merit that the new technology offers (technical gain). 

Whenever the capability loss is smaller (greater) than the expected technical gain, the firm 

chooses (not) to adopt. 

 

5.7 Learning 
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The model is built on the assumption that firms learn. Learning is cumulative and systemic in 

nature. Each firm is born with a given set of heterogeneous capabilities. Capabilities 

accumulate over time following a pre-specified learning path, which combines both 

increasing returns and long-run saturation. The latter, in particular, reflects the fact that, being 

developed within the frame of a given technological paradigm, capabilities tend to run into 

diminishing return as the innovative potential of a given technology gets exhausted. At the 

same time, firms’ learning benefits from systemic interactions with other firms, as well as 

from the support received from country-specific organizations and institutions. Therefore the 

pace at which learning proceeds is faster, the higher the average level of capabilities in the 

country. This in turn implies that, although in the long run the capabilities of both countries 

will tend to converge, the speed at which such convergence proceeds will differ. 

 

5.8 Public policies 

Public policies are modelled as asymmetries in the value of country-specific parameters. In 

particular, we consider five distinct policies: a) capability building, which is modelled as a 

relative increase in the average level of capabilities newly-born firms are endowed with; b) 

support to firms’ learning, which is modelled as a relative strengthening of the link between 

firms’ learning and country’s average capabilities; c) market protectionism, which is 

modelled as a combination of public procurement (i.e., relative increase in indigenous market 

advantage), tariff protection (i.e., relative increase in export tariff), and import restrictions 

(i.e., relative increase in the sunk cost of export); d) entry support, which is modelled as a 

relative increase in the probability that new firms enter the industry; and e) technology 

targeting, which is modelled as a relative increase in the firms’ ability to perceive the 

emergence of new technologies. 

 

6. Simulations 

To provide a setting where the effects of policies can be conceptualized and analysed in a 

sufficiently transparent way, we take as main reference the history-friendly parameterization 

used in Landini et al. (2013). Nonetheless, since the objective of the paper is different, also 

the logic of the simulation is different, and some changes in the parameterization is 

introduced.  

We start by identifying a technological scenario with one technological discontinuity and 

we set parameters so that in the absence of policy intervention (of any type) no change of 
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leadership occurs, i.e. we simulate a case of aborted catch-up. We call such parameterization 

the baseline setting.1 Obviously, the specification of the actual value of the parameters 

include some strongly simplifying assumptions and reflects our ignorance about the ‘true’ 

value of some key parameters. However, they serve the purpose to produce a benchmark 

against which different hypotheses on the role of public policies can be tested. 

In the baseline setting we portray a typical episode of industry evolution. At the beginning, 

the firms of country A (A-firms) are the only ones endowed with the capabilities that are 

necessary to manage the technology and serve the market.  To favour their initial growth the 

government provides incumbent firms with some degree of market protection. In addition, the 

basic institutions of the sectoral system are laid down (i.e., systemic learning begins). In few 

periods one company of country A emerges as the leader of the industry. 

After some periods (75 in our simulations) we assume that also some firms of country B 

(B-firms) enter the industry. The creation of indigenous firms in the latecomer is pulled by 

the emergence of some local demand, which itself derives from an expansion of country B’s 

consumer needs. In addition, B-firms benefit from lower cost of production. Similarly to 

country A, also the government of country B ensures some positive degree of market 

protection, which gives to the latecomer’s industry the opportunity to grow, especially in the 

local market. At the same time, however, the latecomer firms face an initial gap in terms of 

capabilities with respect to the incumbents, since they are younger and less experienced. 

Moreover, the market size of country B is very small at its inception and it achieves the same 

size of that of country A only by the end of the simulation. This makes a change of industrial 

leadership at the global level (i.e., considering the markets of country A and B together) 

difficult to occur. 

Starting from this condition, we assume that sometime after the entrance of country B a 

technological discontinuity arises (in our setting at period 150). Therefore, we assume that in 

choosing the timing of entrance the latecomer is able to anticipate the emergence of a 

discontinuity in the technology space. Such discontinuity, in particular, is modelled as a shift 

in the technical frontier of about the 60% of the technical landscape. This discontinuity will 

open a window of opportunities for country B to catch up with country A. The crucial factor 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 With respect to the history-friendly parameterization used in Landini et al. (2013) we introduce three major 
changes: first, we increase the size of the technological space; second, we weaken the strength of the lock-in 
effect; and third, we increase the cost of export. Considered together these three changes allow us to obtain a 
baseline setting where no change of leadership occurs even in presence of a large discontinuity, which in turn 
facilitate the analysis of the interaction between public policy and technological change. 
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in determining the success of catch-up will thus lie in the effective capacity of country B to 

exploit such window. 

Given this baseline parameterization we run several experiments to test the combined 

effect of public policy and technological change. The first group of experiments is aimed a 

testing the sensitivity of the catch-up dynamics to changes of policy. In order to make the 

effect of different interventions comparable we consider the same percentage variation in all 

policy-specific parameters. Such percentage variation can be interpreted as a benchmark 

measure of the intensity with which a policy is to be implemented for a sizable effect to 

obtain. To single out the effect of each type of intervention, we initially assume each policy 

to be implemented alone. Subsequently, we test for the existence of complementarity by 

looking at different types of policy combination. For the moment we do not take into 

consideration changes in the timing of the intervention and assume that all policies are 

implemented since the entrance of country B. 

In a second group of experiments we repeat the same set of simulations, but we assume 

that no technological discontinuity arises. During the entire simulated episode firms face the 

same technological landscape and no shift in the technical frontier occurs.2 In this case too we 

assume the intensity of policy implementation to be the same. This distinct technological 

scenario helps us investigating how the same policy interventions perform in context (or 

industries) characterized by low degree of technological change. 

As most simulation models, our model too is inherently complex. The combination of 

lower level market interactions, firm’s heterogeneity and random events give rise to 

stochastic non-linear dynamics at the industry level, which are difficult to study analytically. 

Therefore, we rely on repeated simulations to grasp the average system behaviour. Each 

parameter setting is run 600 time and the outcomes of interest are averaged over the runs. 

When necessary, we exploit statistical tests to compare results across distinct parameter 

conditions. Overall, we assume each simulation to last for 300 periods. The latter is 

considered to be a sufficiently long time span for the industry to reach its steady state. 

 

 

7. Results 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2 To make the two technological scenarios comparable we fix the technical frontier of the scenario without 
discontinuity at about the 80% of the technological landscape, which corresponds to the overall expected 
proportion of the landscape that can searched in the scenario with discontinuity (where the initial frontier is 
randomized over the interval 0-40% and the shift is about the 60% of the landscape). 
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7.1 Baseline setting: aborted catch-up 

Figure 1 reports the evolution of the countries’ market share (left) and rate of technology 

adoption (right) in the baseline setting. At the beginning of the simulation A-firms are the 

only players in the industry and they can easily control the whole market. This dominance 

goes on until period 75 when, following the entrance of country B, A-firms experience a 

slight reduction in their total market shares. Such a reduction is due to the fact that, thanks to 

market protection, B-firms enjoy an initial advantage in serving their national market. This 

leads them to obtain a positive portion of it. After few periods, however, some of the A-firms 

gain access to country B’s market and in virtue of their superior capabilities and technique 

they can easily attain leadership. As soon as the less efficient among the B-firms exit the 

market, A-firms regain their full market position. In period 150 A-firms control the 98% of 

the market. 

 

Figure 1 – Baseline 
 

Market share Technology adoption  

  

 

 
 

 

The market distance between the two countries reduces remarkably after period 150. 

When the new technology emerges, in fact, B-firms are in a better position than A-firms to 

perceive the discontinuity, because of lower lock-in. It follows that the rate of technology 

adoption (i.e., proportion of firms that adopt the new technology) is much higher in country B 

than in country A (right panel). This gives to B-firms an initial advantage in technical merit, 

which partially compensate for their capability gap with respect to A-firms. As a consequence 

the market share of country B rises from 2% to 27% in less than 50 periods. As time passes, 

however, also some of the A-firms start to adopt the new technology (in period 200 more 
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than the 20%). As soon as this happens, the catch-up process slows down. From period 200 to 

period 300 the market share of country B rises at a much lower rate than the previous 50 

periods. At the end of the simulation country A firmly remains the industry leader, 

controlling nearly the 60% of the market. Overall, no change of industrial leadership occurs. 

Before proceeding with policy experiments we check the robustness of our baseline 

parameterization by the mean of sensitivity analysis. The latter is organized as follows. First 

we divide the parameters of our model into two categories: focal parameters and general 

parameters. Focal parameters are the elements that we choose in a systematic way in the 

policy experiments to answer the research questions of this paper: they include the 

distribution of initial capabilities, speed of systemic learning, tariff protection, indigenous 

market advantage, import restriction, probability of new firms’ entry and probability that the 

new technology is perceived. General parameters are instead the elements that do not change 

across the experiments and define the main structure of the model. They include: size of the 

technology space, initial size of the market, country’s carrying capacity, market’s growth 

rate, demand elasticity, degree of vertical segmentation, market exit threshold, firm’s initial 

budget, and marginal cost of production. 

Once these two categories of parameters are identified we follow Richiardi et al. (2006) 

and Windrum et al., (2007) and perform a local investigation on general parameters, i.e. an 

analysis of how the model behaves for variations in a restricted region of the parameters’ 

space. For each parameter we run several simulations in which we vary the original value in a 

range that goes from +50% to –50% with respect to the value of the parameter in the baseline 

setting. In doing so we pay particular attention not to alter the parametric asymmetries that 

exist among countries, which are specific to the historical episode that we want to replicate 

(e.g. different initial size of the market in the two countries). Moreover, we make sure that 

under all possible combinations of parameters the viability of the industry is preserved. 

The results of the sensitivity analysis are encouraging.3 Under all combinations of 

parameters we are still able to reproduce a case of aborted catch-up. Therefore the model 

seems fairly robust, i.e. results do not seem to depend on ad hoc parameter conditions. 

 

 

7.2 Capability building and support to firm learning 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3 For reasons of space we do not provide a complete description of the results here. The interested readers can 
contact the authors. 
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The first set of policy experiments that we run concerns two types of intervention: capability 

building and support to firm learning. To lend some credibility to the model we can imagine 

the former as a reform of the system of higher education that increases the average level of 

capabilities B-firms are endowed with. The latter can instead be conceived as a strengthening 

of the process of learning taking place within the national/sectoral system of innovation (e.g. 

through improved research and information networks among firms). Initially we assume that 

the two policies are implemented alone. Then we examine the case in which they are 

implemented simultaneously. 

 

7.2.1 Capability building 

Capability building is simulated by assuming that B-firms’ average level of initial capabilities 

is doubled with respect to the baseline. Figure 2 reports as continuous lines the evolution of 

the market shares (left) and rate of technology adoption (right) in the case capability building 

is implemented. The dotted lines refer instead to the dynamics of the baseline setting. The 

impact of the policy is indeed significant. Right before the discontinuity B-firms improve 

their market position with respect to the baseline and control nearly the 6% of the market. 

This proportion increases remarkably after the discontinuity, with country B that achieves 

more than the 40% of the market in period 200. Similarly to the baseline setting the catch-up 

process slows down during the last 100 periods. Nonetheless, B-firms are still able to achieve 

additional market shares. This gradual catch-up eventually leads to a change of leadership in 

period 250. By the end of the simulation country B controls nearly the 56% of the market. 

 

Figure 2 – Capability building 
 

I) Market share II) Technology adoption  
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The main factor behind this process of successful catch-up is obviously related to the 

improved capabilities of B-firms. This competitive advantage, however, comes at a cost. The 

right panel of Figure 2 indeed reveals that the intervention in favour of capability building 

significantly reduces country B’s rate of technology adoption compared to the baseline. This 

is due to two reasons. First, the increased market share of country B before the discontinuity 

(6% vs. 2%) generates some positive degree of lock-in for B-firms, which perceives the 

emergence of the new technology with some delay. Second, in our model, capabilities are 

assumed to be technology-specific, i.e. the adoption of a new technology forces a devaluation 

of the capabilities previously accumulated. It follows that an increase in support to firm’s 

capabilities before the discontinuity inevitably leads to a greater cost of technology adoption 

(in terms of capability loss) after the discontinuity. As a consequence B-firms will be both 

less capable of perceiving and less willing to adopt the new technology compared to the 

baseline. In this sense the policy of capability building presents an indirect and perhaps 

unintended cost for the process of technology upgrading, which partially reduces the benefit 

of improved capabilities. 

 

7.2.2 Support to firm learning 

In addition to capability building the government of country B can decide to intervene by 

fostering the process of firm learning. Differently from the previous case this policy does not 

intervene on the level of capabilities but rather on their dynamic accumulation. In our model 

this policy is simulated by assuming that the speed of systemic learning in country B is 

doubled with respect to the baseline.  

Figure 3 shows the results of support to firm learning in terms of market share (left) and 

technology adoption (right). Similarly to the case of capability building, also support to firm 

learning significantly increases the market share of country B before the discontinuity. At 

period 150 B-firms control nearly the 10 % of the market. As the new technology emerges 

the higher rate of adoption combines with faster learning to ensure B-firms with a 

competitive advantage. As a result the market distance between the two countries reduces. A 

process of catch-up begins, which eventually lead to a change of industrial leadership around 

period 270. By the end of the simulation country B is the new leader, although the market 

share of the two countries is very close. 

 

Figure 3 – Support to firm learning 
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Market share Technology adoption  

  

 

 

 

Support to firms’ learning generates a dynamics of technology adoption (right panel of 

Figure 3) that is similar to the one observed for capability building (right panel of Figure 2). 

In fact, this policy too causes a delay in country B’s process of technology updating. In this 

case, however, the difference with respect to the baseline is somewhat smaller, and by the end 

of the simulation country B converges towards full adoption. 

 

7.2.3 Capability building and support to firm learning 

In many circumstances capability building and support to firm learning can be part of an 

overall government strategy to sustain the accumulation of firm-level capabilities. For this 

reason we study the case in which the two policies are implemented simultaneously. 

Figure 4 shows the evolution of market shares (left) and rate of technology adoption 

(right). The market dynamics is very similar to the scenarios in which the two policies were 

implemented alone. The main difference is that this time the change of industrial leadership 

from country A to country B occurs much earlier, around period 215. The process of 

technology adoption in country B exhibits once again a delay with respect to the baseline. By 

the end of the simulation there still exist more than 10-15% of B-firms that produces using 

the old technology. 

 

Figure 4 – Capability building and support to firm learning 
 

Market share Technology adoption  
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7.2.4 Capability and learning: summary 

Overall, the results of the simulations for this first set of policy experiments replicate quite 

closely the qualitative theorizing associated with the capability-based view of catch up. When 

the latecomer country intervenes to improve the firms’ initial level of capabilities and/or to 

support the process of firm learning catch up is likely to succeed. At the same time, 

simulations reveal that the latecomer’s success in catching up with the incumbent comes at 

the cost of delaying the process of technological upgrading, In the following sections we will 

analyse how these results changes when alternative policies are implemented. 

 

7.3 Alternative policy: protectionism, technology targeting and entry support. 

The second set of policy experiments that we run take into consideration three alternative 

policies: protectionism, technology targeting and entry support. Protectionism is associated 

with any type of intervention that creates an advantage for latecomer firms when serving their 

national market. In our simulations, in particular, we consider three types of such 

intervention: public procurement, tariff protection, and import restrictions. Technology 

targeting reflects instead government’s interventions aimed at identifying new and promising 

technologies and facilitating their adoption by doubtful private firms (e.g. publicly funded 

research programs). Finally, entry support is associated with policy interventions (e.g. 

support to venture capital) that reduce barriers to the creation of new firms. In this section the 

effect of each policy is studied in isolation. Later on we will consider cases of more 

articulated policy mixes. 

 

7.3.1 Protectionism 
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Protectionism is simulated by assuming that the values of country B’s policy parameters 

associated with public procurement (i.e., indigenous market advantage), tariff protection, and 

import restrictions are doubled with respect to the baseline. For the sake of brevity we report 

results only for the case in which these three policy parameters are changed simultaneously. 

This case is not only consistent with most of the empirical evidence (cf. historical cases in 

which these policies are implemented alone are indeed rare) but it also produces the most 

sizable effect on the catch up dynamics. Experiments with changes in one of the parameters 

generate only weaker results, without adding much to the interpretation. 

Results are reported in Figure 5. Overall, the effect of protectionism on the catch-up 

dynamics is marginal. Before the discontinuity B-firms partially benefit from protection and 

can gain a portion of the market that is slightly larger than in the baseline (7% vs. 2%). As the 

new technology emerges, however, the contribution offered by protection rapidly vanishes. 

The rise in technical merit obtained by the A-firms that adopt makes it possible for them to 

enter the market of country B. At the same time, the larger market share achieved by B-firms 

within the old paradigm partially delays the process of new technology adoption (see right 

panel). These two effects tend to compensate the advantages that protection ensures in the 

national market. As a result the catch-up dynamics during the last 150 periods turns out to be 

very similar to the baseline. At the end of the simulation country A firmly remains the 

industry leader and no change of leadership occurs. 

 

Figure 5 – Protectionism 
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7.3.2 Technology targeting 

The impact on catch-up is stronger when we consider the policy of technology targeting. In 

this case the intervention is modelled by assuming that, everything else equal, the probability 

that B-firms perceive the new technology doubles with respect to the baseline. 

As Figure 6 (left panel) shows, technology targeting produces an important improvement 

in the market position of country B after the discontinuity. In less than 50 periods (from 150 

to 200) country B’s market share rises from 2% to 40%. At this point, however, also A-firms 

start to perceive the advantages related to the new technology. As their rate of adoption 

increases (right panel), the pace of catch-up slows down. In the last 100 periods the market 

share of country B increases only marginally, moving from 40% to 47%. At the end of the 

simulation country A remains the industry leader, although the market shares of the two 

countries are relatively close. 

 

Figure 6 – Technology targeting 
 

I) Market share II) Technology adoption  

  

 

 

 

An interesting and perhaps surprising result of our simulation concerns the dynamics of 

technology adoption. As shown in the right panel of Figure 6, in fact, the policy of 

technology targeting implemented by country B produces two main changes with respect to 

the baseline. First, and quite intuitively, it speeds up the process of technology adoption in 

country B. This is due to the fact that an increased number of B-firms perceive the 

technological discontinuity. Second, it causes an increase in the rate of technology adoption 

also in country A, where no explicit policy is implemented. The reason is essentially related 

to a market selective effect: as many B-firms adopt early they obtain sudden increases in 

technical merit, which drive non-adopters out the market. As a consequence A-firms are 
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forced to adopt at a faster rate than what they would do when technology targeting is not 

implemented. In this sense, the policy produces an unintended spillover effect on the 

adoption of the incumbent country, which undermines the latecomer’s benefit deriving form 

early adoption. It is probably in because of this spillover effect the policy is actually unable to 

generate a sustained change of industrial leadership. 

 

7.3.3 Entry support 

Figure 7 reports the results of the policy experiment where we increase country B’s entry 

support. In the simulation this is accomplished by assuming that the probability of a new B-

firm entering the industry doubles with respect to the baseline. In this case too the impact on 

the catch-up dynamics is sizable. Before the discontinuity the market position of the two 

countries is exactly as in the baseline, with country A that controls almost all the market. As 

the new technology emerges, however, the entry support brings three main advantages to 

country B. First, for a given distribution of firm’s initial capabilities, it increases the number 

of good firms (i.e., firms with above-the-average endowment of capabilities) entering the 

industry. Second, it raises competition and market contestability, thus increasing the chances 

that inefficient firms are selected out. Third, it improves the process of technology adoption 

and exploration. The combined effect of these advantages makes it possible for B-firms to 

acquire a substantial portion of the market and eventually to overcome A-firms as industry 

leaders. At the end of the simulation country B controls the 56% of the market. 

Quite interestingly, we find that also in the case of entry support there exists a spillover 

effect on technology adoption. This is clear if we look at the right panel of Figure 7. Similarly 

to the case of technology targeting, the improved exploration of technological opportunities 

taking place in country B forces also A-firms to adopt early. As a result in both countries the 

rate of technology adoption increases with respect to the baseline. 

 

Figure 7 – Entry support 
 

I) Market share II) Technology adoption  
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7.3.4 Alternative policy: summary 

Overall, the simulations for the second set of policy experiments provide some interesting 

results. First of all, we find that in contexts characterized by technological change 

protectionism does not provide a substantial contribute to catch-up. The initial benefit 

deriving from market protection is indeed rapidly wiped out by technical improvements 

associated with the arrival of new technologies, and latecomer firms find it difficult keep up 

with technological change. Secondly, we find that both technology targeting and entry 

support produce a sizable impact on the catch-up dynamics. These policies improve the 

latecomer’s propensity to explore and exploit technological opportunities. In our 

parameterization we find that while entry support effectively leads to a change of leadership 

at the industry level, technology targeting brings a situation of co-existence in the market. 

Finally, we find that both technology targeting and entry support generates cross-country 

spillover effects in the adoption of the new technology. In fact, although the policy 

interventions are implemented only in country B, the rate of technology adoption increases 

also in country A. 

 

 

7.4 Policy complementarity 

So far we have examined policy interventions implemented alone. In the real world, however, 

governments frequently rely on policy measures that combine different types of intervention, 

each impacting on a different component of the catch-up strategy. For this reason we run a 

third group of experiments where we investigate how the policies studied in the previous 

sections fare when they are combined with each other. 
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Since most of the recent literature suggests that capabilities and learning are the two main 

drivers of catch-up, we organize these simulations taking as a benchmark the scenario where 

both capability building and support to firm learning are implemented. Starting from this 

condition we are interested to see if the combination of either capability building or support 

to firm learning with one of the other policy interventions (i.e., protectionism, technology 

targeting, entry support) can improve the process of catch-up. 

To facilitate the interpretation of results we introduce the concept of policy 

complementarity. In particular, we say that a pair of policy interventions exhibits a greater 

degree of complementarity than another pair if it produces a larger increase in the final 

market share of the country implementing it. In our setting, since the benchmark scenario is 

the one where country B implements both capability building and support to firm learning, 

we say that two policies are complementary if they produce an increase in the market share of 

country B larger than the benchmark. 

In line with the previous experiments we initially assume each policy to be implemented 

with same intensity, which corresponds to the doubling of the associated policy parameter. 

Then, we run an additional series of experiments where we explore the effect of the policy 

combinations taking into consideration a broader range of parameter variation. 

 

7.4.1 Capabilities, learning and protectionism 

Figure 8 shows the results for the experiment in which protectionism is combined with 

capability building (upper panels) and support to firm learning (lower panels). Quite 

interestingly we find that these policy mixes perform worse than the benchmark case. The 

market dynamics reveals that in none of the cases a sustained change of industrial leadership 

occurs. The two countries converge towards a situation of co-existence where the market is 

equally split. It is interesting to notice that this result tends to contradict part the infant 

industry argument according to which protectionism is often a good complements of policy 

interventions aimed at fostering the accumulation of indigenous capabilities. In contexts 

characterised by large technological discontinuities such complementarity does not seem to 

exist. 

 

Figure 8 – Policy complementarity: protectionism 
 

Capabilities & Protectionism, market share Capabilities & Protectionism, technology adoption 
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Capabilities & Learning, market share Capabilities & Learning, technology adoption 

  
 

 

The reasons behind the negative effect of protectionism can be related to two factors. First 

of all, in our parameterization capabilities are an important component of a firm’s 

competitive advantage (i.e. they significantly contribute to the perceived quality of a 

product). It follows that the substitution of either capability building or support to firm 

learning with protectionism removes one of the important drivers of capability accumulation, 

without introducing explicit incentive for the exploitation of new technological opportunities. 

This can in turn reduce B-firms’ performance in the market. Secondly, and more generally, 

while the combination of protectionism with either capability building or support to firm 

learning can indeed increase the competitiveness of country B before the discontinuity, it can 

also delays the adoption of the new technology. In fact, being relatively strong within the old 

technology paradigm, B-firms perceive the technological discontinuity with some delay and 

this limits the possibility to profit from large technical improvements. As a consequence the 

catch-up dynamics turns out to be smoother compared to the benchmark. In our simulation 

this effect seems to be particularly strong for the combination of protectionism and support to 

firm learning (see lower-right panel). 
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7.4.2 Capabilities, learning and technology targeting 

The second policy mix that we consider in our simulations consists of the combination of 

technology targeting with either capability building or support to firm learning. Results are 

reported in Figure 9. We can easily observe that in this case there exists some positive degree 

of complementarity between the policies. The combination of capability building and 

technology targeting leads to a change of leadership already in period 177, around 34 periods 

earlier than the benchmark case. When technology targeting is combined with support to firm 

learning the catch-up process is somewhat smoother and we observe a change of leadership 

around period 200. In both cases the final market share of country B is higher than the 

benchmark case. 

 

 

Figure 9 – Policy complementarity: technology targeting 
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The combination of technology targeting with one of the two capability-related policies 

allows one to expand the range of components the catch-up strategy relies on. In particular, 
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while capability building and support to firm learning tend improve the accumulation of 

capabilities at firm-level, technology targeting contributes to the exploration of technological 

opportunities. This combined effect is indeed what drives the final results in terms of market 

share of country B. At the same time, however, as we observed in the experiment where 

technology targeting was implemented alone, also in this case the policy mix leads to a 

spillover effect in technology adoption (see right panels). Although country A does not 

implement any policy, competition with country B forces A-firms to anticipate the adoption 

of the new technology with respect to the benchmark. In few periods most of the firms 

employing the old technology are selected out and by the end of the simulation both countries 

converges to a rate of full adoption. The strength of this effect in the case of policy mix 

seems to be even greater than the case in which technology targeting is implemented alone. 

 

7.4.3 Capabilities, learning and entry support 

Figure 10 shows the results for the experiment where capability building and support to firm 

learning are combined with entry support. The market dynamics is very similar to the 

previous case: country B rapidly improves her market position after the discontinuity and by 

the end of the simulation she is the new industry leader. Although the overall improvement 

with respect to the benchmark case is somewhat smaller than the case in which the policy mix 

includes technology targeting (see Figure 9), it is still not negligible. In this sense the 

contribution of entry support to the overall catch-up dynamics is very similar to that of 

technology targeting: it improves the process through which B-firms explore the new 

technological opportunities. In this case too the policy mix presents a positive combination 

between support to competence accumulation and technological exploration. 

 

 

Figure 10 – Policy complementarity: entry support 
 

Capabilities & Entry, market share Capabilities & Entry, technology adoption 
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Learning & Entry, market share Learning & Entry, technology adoption 

  
 

 

Quite interestingly we find that, differently from the case of technology targeting, this time 

the policy mix does not produce any spillover effects in technology adoption. While country 

B’s rate of technology adoption increases with respect to the benchmark (especially in the 

case of capability building and entry support, see upper-left panel), the process of technology 

adoption in country A remains unaltered. The reason is due to the fact that the combination of 

entry support with one of the capability-related policies leads to a dynamics of adoption in 

country B that is relatively smoother compared to the cases in which entry support is 

implemented alone or substituted with technology targeting. As a consequence, A-firms that 

do not adopt suffer less selective pressure towards adoption (especially if they can 

compensate with high capabilities) and can survive until the end of the simulation. Notice 

that in period 300 there is still more than 20% of A-firms that uses the old technology. 

 

 

7.4.4 Additional experiments 

Although the previous experiments offer highly interesting results, they refer to a relatively 

limited range of parameter values. In all the experiments, in fact, we model the interventions 
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by doubling the value of the associated policy parameter. While this approach allows us to 

check the sensitivity of the model to changes in policy interventions (controlling for the 

intensity of the policy), it limits the number of policy scenarios that we can consider. This is 

particularly relevant for the cases in which the policy mix includes technology targeting and 

entry support, where a positive degree of policy complementarity seems to exist.  What 

happens if the probability of firm entry is incremented by half rather then doubled? Does the 

intensity of policy implementation affect the way in which distinct policies combine with 

each other? 

To answer these questions we run an additional set of experiments where we gradually 

increase the value of policy parameters. For the sake of brevity we report here results only for 

three types of policy mix: capability building and support to firm learning; capability building 

and technology targeting; capability building and entry support. For each mix we assume 

capability building to be implemented at three distinct levels: as in the baseline, and with a 

size of the support for the capability distribution that is doubled and tripled with respect to the 

baseline. For the remaining policy parameters we start by considering an increase of 50% 

with respect to the baseline (Δ = +50%). Then we consider an additional increase of 25% at 

each new run (i.e., Δ = +75%; +100%; +125%; +150%). Every policy combination is run 

over 600 times. 

Table 1 shows the results of these experiments. To facilitate comprehension we report here 

only the average of country B’s final market share for every policy combination (columns 1 – 

3). The last two columns of the table (4 – 5) inform on the outcomes of a standard t-test 

comparing the equality of the values reported in the previous columns. In particular, column 

(4) tests whether country B’s final market share in the case of technology targeting is larger 

than in the case of support to firm learning. Column (5) does the same but considering entry 

support instead of technology targeting. The upper part of the table refers to the experiments 

where the distribution of initial capabilities is as in the baseline, i.e. the other policies are 

implemented alone. The middle and lower parts of the table refer instead to experiments 

where the support of the capability distribution is respectively twice and three times larger 

than the baseline, i.e. also the policy of capability building is implemented. 

Table 1 reveals two main results. First, when the policy interventions are implemented 

alone (upper part of the table) support to entry is the only one capable of producing a 

sustained change of industrial leadership for a wide range of parameter values. If we exclude 

the case in which Δ = +50%, for all the other variations entry support leads to a final market 
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share of country B that is never lower than 54%, and in some cases (i.e. Δ = +125% and Δ = 

+150%) it is close to 60%. The same is not true for support to firm learning and technology 

targeting, which in most of the cases lead to a substantial co-existence of incumbent and 

latecomer. 

The second important results that we derive from Table 1 is that in general the hypothesis 

of policy complementarity between capability support on one hand and either technology 

targeting or entry support on the other is verified. In fact, when policies are implemented in 

combination (middle and lower parts of the table) the final market share of country B in the 

case of technology targeting and entry support is always greater than in the case of support to 

firm learning, and this difference is statistically significant.   

 

Table 1 – Experiments on policy complementarity: Country B’s final market share 

  (1) (2) (3) (4) (5) 

 
Learning Targeting Entry (2) - (1) (3) - (1) 

 
Av. (Se) Av. (Se) Av. (Se) Diff. (Se) Diff. (Se) 

Capab. [0 - 0.2]      
Δ = +50% 0.499 0.480 0.480 -0.019 -0.019 

 (0.414) (0.389) (0.391) (0.023) (0.023) 
Δ =  +75% 0.499 0.471 0.556 -0.028 0.056*** 

 (0.410) (0.387) (0.368) (0.023) (0.022) 
Δ = +100% 0.505 0.505 0.539 -0.000 0.033* 

 (0.413) (0.374) (0.365) (0.022) (0.021) 
Δ = +125% 0.524 0.533 0.598 0.008 0.073*** 

 (0.410) (0.377) (0.360) (0.024) (0.022) 
Δ = +150% 0.526 0.515 0.605 -0.011 0.079*** 
  (0.408) (0.376) (0.333) (0.023) (0.022) 
Capab. [0 - 0.4]           
Δ = +50% 0.545 0.588 0.633 0.043** 0.087*** 

 (0.404) (0.371) (0.347) (0.022) (0.022) 
Δ =  +75% 0.568 0.606 0.627 0.038** 0.058*** 

 (0.389) (0.362) (0.358) (0.022) (0.022) 
Δ = +100% 0.598 0.637 0.672 0.039** 0.074*** 

 (0.381) (0.340) (0.324) (0.020) (0.019) 
Δ = +125% 0.577 0.646 0.676 0.070*** 0.099*** 

 (0.386) (0.355) (0.319) (0.021) (0.021) 
Δ = +150% 0.588 0.651 0.676 0.063*** 0.088*** 
  (0.379) (0.334) (0.314) (0.020) (0.020) 
Capab. [0 - 0.6]           
Δ = +50% 0.607 0.643 0.646 0.035* 0.040** 

 (0.385) (0.354) (0.347) (0.022) (0.021) 
Δ =  +75% 0.600 0.656 0.651 0.056*** 0.051*** 

 (0.376) (0.344) (0.352) (0.020) (0.021) 
Δ = +100% 0.625 0.676 0.690 0.051*** 0.065*** 

 (0.371) (0.332) (0.322) (0.021) (0.020) 
Δ = +125% 0.628 0.682 0.687 0.054*** 0.059*** 

 (0.358) (0.317) (0.318) (0.020) (0.019) 
Δ = +150% 0.606 0.715 0.731 0.109*** 0.125*** 
  (0.374) (0.300) (0.282) (0.020) (0.019) 
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7.4.5 Policy complementarity: summary 

Overall, the simulations on policy mixes reveal three interesting results, which partially 

confirm and partially extend the ones of previous experiments.  Frist of all, even when 

combined with capability building and support to firm learning, protectionism performs 

rather badly as a policy to support catch-up in contexts characterized by technological 

discontinuities. In these cases policies that improve the exploration of technological 

opportunities offer a much greater contribution to latecomer country than interventions whose 

only aim is to protect the national economy. Secondly, we find that, similarly to the case in 

which the intervention is implemented alone, technology targeting produces spillover effects 

even when it is combined with capability building and support to firm learning. Quite 

interestingly we find that these effects are instead absent when capability building and 

support to firm learning are combined with entry support. Finally, we find supporting 

evidence for the existence of policy complementarity between the capability-related policies 

(i.e. capability building and support to firm learning) on one hand and either technology 

targeting or entry support on the other. The idea is that while the former impact on the 

process of capability accumulation, the latter improves the process of technology exploration. 

The simultaneous activation of these distinct policy levers produces an effect on catch-up that 

is far stronger than if only one of the levers were activated.  

 

 

7.5 Scenario without technological discontinuity 

The last set of experiments that we run looks at what happen to the catch-up dynamics when 

we remove the technological discontinuity. This setting reflects the cases of industries where 

technical change is relatively gradual and no big shift of technological paradigm occurs. 

From the analytical point of view these experiments help us to check how the policies 

discussed in the previous sections fare in contexts where no new technology emerges. The 

structure of the simulations will thus be the same, starting from a setting where policies are 

implemented alone and then moving to the study of policy mix. It goes without saying that in 

this setting the number of policy interventions reduces to four, because technology targeting 

cannot be implemented. 
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7.5.1 Capability building and support to firm learning without technological discontinuity 

Figure 11 (upper-left panel) reports the evolution of the countries’ market share when there is 

not any technological discontinuity and none of the policies is implemented. The latter 

represents the new baseline setting against which the policy interventions will be tested. As 

we can see the catch-up dynamics turns out to be smoother than the setting in which a shift in 

technological frontier occurs (see Figure 1 above). Between period 75 and period 200 country 

B steadily controls less than the 10% of the market. As the learning process proceeds, 

however, B-firms acquire additional competences and can obtain some portion of the market 

also in country A. As a consequence the total market share of country B increases sensibly 

after period 200. By the end of the simulation country B controls the 26% of the market. 

 

Figure 11 – Capabilities and learning with no technological discontinuity 
 

Baseline Capabilities 

  
Learning Capabilities & Learning 

  
 

 

The results for the experiments in which capability building and support to firm learning 

are implemented in the absence of technological discontinuity are shown in the upper-right 
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and lower-left panels of Figure 11 respectively. Compared to the baseline setting we observe 

that the two policy interventions significantly improve the market position of country B. 

Staring from period 100 the distance between the two countries significantly reduces and 

tends to stabilize after period 200. This improvement in the market performance of country B 

is due to the contribution of the two policies to reduce the capability gap with respect to the 

incumbent. Differently from the scenario with one technological discontinuity, however, 

none of the policy implemented alone is able to generate a change of industrial leadership. In 

the case of capability building country B achieves nearly the 40 % of the market by the end of 

the simulation. This share is a bit larger in the case of support to firm learning (45%), but still 

far from 50%.  

A change of industrial leadership effectively occurs when we assume that capability 

building and support to firm learning are implemented jointly. In this case the peak in the 

market share of country B that occurs between period 100 and period 170 coincides with 

some B-firms entering the market of country A. In few periods the total market share of 

country B is more than doubled (rising from 24% to 53%) and a change of industrial 

leadership occurs. As the less efficient among the A-firms exit the industry, however, the 

trend between the countries is inverted. Staring from period 170 country B gradually looses 

ground. Around period 210 industrial leadership shifts back to country A. By the end of the 

simulation country B controls “only” the 46% of the market. 

 

7.5.2 Protectionism and entry support without technological discontinuity 

After capability building and support to firm learning, we test how protectionism and entry 

support fare in contexts characterized by the absence of technological discontinuity. Results 

are reported in Figure 12. Protectionism (left-panel) leads to a sustained improvement in the 

market share of country A, although alone it is still insufficient to generate a change of 

leadership. Entry support, on the contrary, turns out to be absolutely neutral, leaving the 

pattern of catch-up unaltered with respect to the baseline (right-panel). Comparing these 

results with the ones obtained in the setting with one technological discontinuity (see Figure 

12 and 14) we find that effectiveness of the two policies is actually reversed. While in 

presence of technological discontinuity entry support fare well and protectionism is useless, 

in the absence of such discontinuity the reverse holds. This result has interesting policy 

implications. 
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Figure 12 – Evolution of total market shares, alternative policies 
 

Protectionism small (CE
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B
 =2000; νA =.4; νB =.6) Entry small (ωA =.1; ωB =.2) 

  
 

 

 

7.5.3 Policy mix without technological discontinuity 

Finally, similarly to what we have done above for the scenario with one technological 

discontinuity, we run a set of experiments to test the effect of policy mixes. For the sake of 

brevity we report here only the results of two types of policy mix: one in which capability 

building and support to firm learning are combined with protectionism and the other in which 

the same two policies are combined with entry support. The idea is to verify if, by adding an 

additional intervention to a policy program that aim to foster the accumulation of firm-level 

capabilities, we can obtain some improvements in the catch-up dynamics. 

Results for this set of experiments are shown in Figure 13. As we can see the policy mix 

that combines capability building, support to firm learning and protectionism performs very 

well (left panel). Country B achieves leadership around period 145 and is able to defend it 

until the end of the simulation. The market dynamics of this policy scenario is very similar to 

the one traditionally associated with the infant industry argument, according to which initial 

protection is a crucial condition to ensure latecomer firms with enough time to accumulate 

capabilities. While this argument was rejected in the experiments with one technological 

discontinuity, it seems meaningful in contexts where no change of technological paradigm 

occurs. 
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With respect to the policy mix that combines capability building, support to firm learning 

and entry support the results are instead disappointing (right panel). By adding entry support 

country B performs even worse than the setting in which only capability building and support 

to firm learning are implemented (see Figure 11). This result confirms the idea that, in the 

absence of technological discontinuity, entry support contributes little to catch-up. 

 

 

Figure 13 – Evolution of total market shares, alternative policies 
 

Capabilities & Learning & Protection  Capabilities & Learning & Entry  

  
 

 

7.5.4 Policy intervention without technological discontinuity: summary 

Overall, our experiments without technological discontinuity reveal three interesting results. 

First, in the absence of technological discontinuity no policy implemented alone is effectively 

capable of generating a sustained change of leadership. The only scenario where this happens 

is when capability building and support to firm learning are combined with protectionism. 

Second, we find that entry support does not provide any significant contribution to catch-up. 

This result contrasts sharply with the dynamics observed in the scenario with one 

technological discontinuity, where entry support turned out to be of the key instruments to 

favour the exploration of technological opportunities. Third, we find that protectionism fares 

relatively well in contexts characterized by no change of technological paradigm. In this 

sense our results provide some support for the traditional infant industry argument, provided 

that it is applied to industries where the underlying technology does not change frequently. 

 

 

8. Conclusion 
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In this paper we presented a set of simulations to study the combined effect of public policies 

and technological change in fostering catch-up. In particular we focused on five main 

policies, such as: capability building, support to firm learning, protectionism, technology 

targeting, and entry support. For each of this policy we investigated both the individual and 

the combined effects on catch-up. Such an analysis is carried out taking into consideration 

two extreme technological scenarios: one with only one large technological discontinuity, and 

the other with no technological discontinuity at all. This differentiation is introduced to check 

how alternative policies fare under distinct technological conditions. 

On the basis of our simulations we are able to derive several interesting results. First, we 

confirm that capability building and support to firm learning are important drivers of catch 

up. Second, we find that entry support can favour catch-up only if it is combined with large 

technological discontinuities. In the absence of such discontinuities entry support has a 

neutral effect on catch-up. Third, we show that that protectionism can favour catch-up only in 

the absence of technological discontinuities. When technological discontinuities open, 

protectionism may have a neutral and sometime deleterious effect on catch-up. Fourth, we 

find that in presence of technological discontinuity there exist complementarity between 

capability-related interventions and policy that favour the exploration of technological 

opportunities, i.e. technology targeting and entry support. Fifth, we suggest that in the 

absence of technological discontinuity catch-up is unlikely to succeed based on policy 

implemented in isolation. Rather, it requires the implementation of a composite policy mix. 

Some limitations may be highlighted in this study. First, we model exogenous windows of 

opportunity related to the introduction of new technologies; a next step would be to make the 

technological windows endogenous and responsive to the efforts either of the latecomers or 

the incumbents. Second, we do not consider macroeconomic constraints on the 

implementation of public policy; a possible extension would be to model the activities of the 

governments taking into consideration the effects of the interventions on both commercial 

balances and public budgets. Third, we limit the definition of capabilities at a single firm-

specific parameter; in future extensions it may be interesting to model firms in a finer grained 

way, for instance distinguishing between marketing and technological capabilities. It can also 

be interesting to explicitly model additional institutions that affect a country’s endowment of 

capabilities, such as the labour market. 
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Appendix A.1 

 

In order to enlarge the set of public policy that can be studied through our simulations we 

introduced few formal changes with respect to the original version of the model presented in 

Landini et al. (2013). First of all, we changed the way in which the probability that the 

product of a generic firm f is purchased is computed. In particular, Eq. (1) in Landini et al. 

(2013) is modified as follows: 
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where the difference is the introduction of parameter νl (νl ∈[0,1]), which is the export tariff. 

This parameter allows us to be more precise in the modelling of protectionist policy. 

Secondly, we modified the probability that firm f perceives the emergence of a new 

technology. In particular, Eq. (10) in Landini et al. (2013) is changed as follows: 

 

af ,t
k = ! k

1+ " !mt
k      (10’) 

 

where ι (>0) is a parameter capturing the extent to which the market share obtained by 

country k within the old paradigm (mt
k ) is the source of lock-in and λk (>0) is a country-

specific parameter that measures the general difficulty of perceiving the new technology. The 

main difference with respect to the original Eq. (10) is that in this case parameter λk is made 

country-specific, reflecting the existence of country-level institutions and organizations that 

help firms in recognizing new technological opportunities. This formal change helps us in 

modelling the support of public research institutions. 
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