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Abstract: This paper uses Jones (1995)’s framework to examine the contribution of 

imitation activities and innovative research effort on productivity growth for the US and 

some European leading economies. We carry out a comparative analysis for the last 

fifty years, with two different model specifications, assuming country differences in the 

parameters associated with R&D effort. In the first one, the technological frontier 

position is determined by the country with the highest productivity, the United States. 

Alternatively, in the second specification we alter the definition of the technological 

frontier, allowing it to transcend the leader. The empirical analysis leads to very 

different outcomes. The first specification estimation, using GMM techniques, indicates 

that American researchers are more technology growth enhancing than their European 

counterparts. In contrast, the results obtained for the second, using the Kalman’s filter, 

show that when using an alternative definition of technological frontier it is possible to 

observe a boost in innovation that reduces the dispersion among countries. Then, the 

leading European countries can take advantage; in this case, Germany will exhibit the 

best performance, followed by the US economy. 
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1. Introduction 

The definition of technology growth is a complex evolutionary phenomenon that 

varies along industries and reshapes the way economic development prevails (Dosi, 

1988). The element that began as a residual factor fifty years ago is now shaping up as 

the main source of growth in the most developed economies (Solow, 1957). As it has 

been sufficiently shown, technological progress explains much of the increase in per 

capita income among economies (Solow, 1957; and Griliches, 1994). It is also 

considered that technological improvements and increasing efficiency are two of the 

main variables that contribute to productivity growth. However, the foundations of 

technological improvements –as Eaton and Kortum (1996) pointed out- and how they 

spread across countries are still a matter of study. The research and development 

process, its implementation and adoption -that increase technological progress- depend 

on the capabilities and efforts within industries. It also depends on the cooperation 

across sectors, as well as, it is influenced by other factors -such as education, 

infrastructure, development of the financial system, entrepreneur culture, market 

conditions, and access to physical resources or location advantages, among others-.  

The existing literature provides empirical evidence about two types of research 

activities that scientists may engage into, which are pure innovation or the adaptation of 

the technology discovered somewhere else (Griffith et al, 2004). Additionally, the most 

recent studies about growth focus on the disparities observed among countries in terms 

of access to knowledge and its effects on economic growth and productivity (Howitt, 

1999; Funke and Strulik, 2000; Barro, 2001; Benhabid and Spiegel, 2005; Ha and 

Howitt, 2006; Ciccone and Papaioannou, 2009; Galor, 2010; Astorga et al, 2011; 
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Grossmann, 2009)1. The recent works that have quantified the importance of 

international technology diffusion, as the ones by Bils and Klenow (2000), Massini et al 

(2005), Strulik (2005), Vandenbussche et al (2006); and Aghion and Howitt (2009), 

emphasize the role of infrastructure and other related factors as one of the main 

determinants of the productivity growth differences observed among countries. 

The present paper concentrates on disentangling the effects of imitative and 

innovative research across nations2. Here, we have adapted a version of Jones’ (1995) 

growth model with the aim of comparing international patterns of technical progress. 

We present an empirical framework in which innovation and technology transfer 

provide two potential sources of productivity growth, for countries typically leaders in 

inventing and re-creating technology. Namely, the US and three European countries: 

France, Germany and the United Kingdom. 

The proposed scenario shows how a technological improvement may result from 

the combination of innovation activities and the adaptation of the technology produced 

elsewhere. This improvement would make the technological frontier to expand. Our 

main goal will be testing how these determinants affect productivity growth when 

assuming that the US economy is the leader, and then specify a new model by allowing 

for a technology frontier displacement. The first approach generally implies that, in the 

space of efficiency levels of different inputs, there is a unique technology frontier, and 

all countries but the leader lie inside the frontier. Over the second half of the twentieth 

                                                             
1 These studies were inspired by other seminal papers that analyzed the extent of the impact of technology 
innovation on productivity growth (Nelson and Phelps, 1966; Romer, 1990; Grossman and Helpman, 
1991; Rustichini and Schmitz 1991; Aghion and Howitt 1992; Mankiw et al 1992; Caballero and Jaffe, 
1993; and Coe and Helpman, 1995). 
2 Some other authors referred to the concepts of exploration and exploitation in product innovation 
(introduced by Levinthal and March, 1981; Tushman and Anderson, 1986; Leonard-Barton, 1995; 
Christensen and Bower, 1996 and more recently by Fagiolo and Dosi, 2003; and Lazer and Friedman, 
2007) as possible extensions of the process of imitation and innovation. 
 



 3 

century the US economy has typically been the world technology leader. Then, it is 

assumed to be the country that defines the frontier. However, the evolution of the world 

technological frontier is not limited to single countries. So, we have decided to adopt 

the idea of a technology frontier as suggested by Jones (2005) and defined by Caselli 

and Colleman (2006). It is argued that a new invention is a draw from the distribution of 

possible (yet undiscovered) production functions. Therefore, a newly invented 

production function can be represented as a point in the technological space. At any 

given point in time, firms will choose their production function from this set of feasible 

possibilities3.  

Our paper contains various innovative approaches. First, although inspired by 

Acemoglu, Aghion and Zilibotti (2006), it departs from that work on several aspects. 

Specifically, we address the question about how the definition of technological frontier 

determines a change in the effects of R&D activities on productivity growth for a set of 

leading economies -the US and leading European countries-. To this end, we compare 

two possible different model specifications. In the first one, the technological frontier 

position is determined by the country with the highest productivity for the period 

considered, in this case, the United States. Alternatively, in the second specification we 

alter the definition of the technological frontier, allowing for a shift. To the best of our 

knowledge, our study is the first one that adopts such specification to explain to what 

extend alterations in the technology frontier influences the effects of adoption of 

technology versus innovation on productivity growth. Second, our paper evidences that 

the parameters of the R&D technology differ across nations, and this is what delivers 

                                                             
3 Another set of literature, i.e: Hidalgo, et al (2007) and Liu (2007), explore how countries use the 
technology, capital, institutions and human capital to develop new more sophisticated goods that are close 
to the ones that have been produced before. The authors develop the idea of product upgrade in which 
network representations are used to visualize proximities among the products that countries export and 
their evolution. 
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differences in the results. Third, our innovation-imitation framework nests the R&D 

growth models for countries close or in the frontier that mainly innovate, and those 

using less-than-best-practice technologies are pushed to basically imitate. Fourth, on the 

empirical side, our proposed model of endogenous technology finds evidence of 

productivity growth on both innovation and technology transfer. However, our findings 

suggest that the pattern of technology development is sensitive across definitions of 

technology frontier and to alternative functional forms.  

The rest of the paper is organized as follows. Section 2 lays out the basic 

structure of the innovation-imitation model. Section 3 presents the empirical analysis, 

which includes a brief review of the data and the definition of variables. Section 4 

contains the estimated results based on the two different scenarios proposed. Section 5 

presents the main implications and Section 6 concludes. 

2. Theoretical framework 

This section outlines the theoretical framework underlying our modeling 

strategy. The economy consists of identical lived agents that produce a final good using 

the classical inputs and knowledge (A). The agents can be engaged in both the 

production of the final good and in the R&D sector. Final good produced at time t is 

given by: 

 αασ −= 1
Ytttt LKAY , (1) 

           

where Kt is physical capital, LYt is the total quantity of human capital employed to 

produce output, and At is an index of technical efficiency. We assume that population 

grows exogenously at rate n>0, 0<α<1 and σ>0. Notice that there are constant returns to 

scale in K and LY, holding A constant, and increasing returns to K, LY, and A together. 
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This assumption reflects the now common notion that ideas are non-rival or infinitely 

expansible. 

Technology improvement results from a combination of two sources: imitation 

activities by adopting the ones already discovered (coincident with the leader’s 

technological frontier) and country’s own discovers (Eaton and Kortum, 1996; and 

Vandenbussche et al, 2006). We consider that researchers can work on both innovation 

and imitation activities at the same time. Accordingly, the technological level of the 

economy depends on the number of researchers engaged in innovation and/or in 

imitation activities, as well as the country’s level of technology relative to the level of 

what we consider world knowledge (A*): 

 

 [ ] ( )[ ] 21

1
φλφλ µδ ttAttAtt AALALA ∗

+ = , (2) 

 

where the dependent variable At+1 is the knowledge stock in t+1, LAt represents 

employment in the R&D sector (it is worth noting that )exp(0 ntLLLL tYtAt ==+ ). The 

sensitivity of knowledge to the research structure in innovation and diffusion processes 

respectively is represented by the parameters φ1, φ2 ∈(0,1), and δ, µ ∈(0,1).  

Equation (2) grows in its arguments and captures the two dimensions of 

technological progress. One source of such progress comes from research activities and 

it is based on the local technology system (the first term on the right hand side of the 

equation). It depends on the number of researchers (LAt) and their abilities at innovating 

(captured by λ). This would mean that as more workers obtain a greater quantity of 

output in (1), more researchers may develop new ideas in (2). The existence of 

decreasing returns from the scientific community in terms of new ideas is captured by 
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0<λ<1. According to Jones (2002a),  if we double the number of researchers looking for 

ideas, we may obtain less than double the number of unique discoveries4. Moreover, the 

work of some researchers also involves adapting technologies at the frontier, which is 

shown in the last term of equation (2). This element captures the capacity of a country 

to imitate, as a function of the work done in the R&D sector, and it is also related to a 

catching-up term, represented by 
t

t
A

A∗

. The distance to the frontier is used to capture 

the potential for technology transfers. The catch-up term is consistent with Findlay 

(1978)’s relative backwardness hypothesis. The knowledge stock at a moment in time, 

and in a particular country, is considered as a weighted geometrical average of the 

knowledge generated by both processes in the past. The fact that λ, φ1 and φ2 may be 

different allows for a technology adoption process to occur when innovation happens 

together with imitation. Additionally, the process could also differ across countries.  

 

One interesting feature about equation (2) is its flexibility to transform into 

different specifications.  Indeed, if we impose some restrictions, such as φ20 for firms 

at the technological frontier, it becomes: 

 [ ] 1

1
φλδ tAtt ALA =+ , (3) 

which has similar implications to Jones (2002a)’s function of ideas, at least in the long 

term. The only source of knowledge for these countries will be the generation of new 

ideas. However, for economies immersed in a more basic research stage (below the 

technological frontier), we could consider the parameter φ10, and then the equation (2) 

could be transformed into: 

                                                             
4 Note for example that Newton and Leibniz discovered independently and, almost simultaneously, the 
theory of infinitesimal calculus. That is, there are two scientists and one unique discovery. In this case, λ 
would be equal to 0.5. 
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 ( )[ ] 2

1
φλµ ttAtt AALA ∗

+ = , (4) 

which recalls the functions of Nelson and Phelps (1966), Bils and Klenow (2000) and 

Jones (2002b). In this case, the only source of knowledge for these countries will be the 

imitation of ideas generated at the frontier. Additionally, a wide range of intermediate 

situations between the two extremes ─represented by equations (3) and (4)─ could be 

considered. Any of them would reflect the position of each country with regard to the 

technological frontier. Thus, when the constraint φ1 + φ2 = 1 is imposed, equation (2) is 

reduced to a version of Papageorgiou’s (2003) specification: 

 [ ] ( )[ ] γλγλ µδ
−∗

+ =
1

1 ttAttAtt AALALA , (5) 

where γ∈(0,1) represents the technology share. The constraint imposes constant returns 

to scale in the Cobb-Douglas production function for TFP in period t+1. The arguments 

of this function are composed by labour engaged in R&D activities and the country’s 

relative position in the world TFP ranking.  

 

We solve for the growth rate of knowledge by noting that it is constant at the 

balanced growth path. Taking logarithmic and derivatives in equation (2), we obtain the 

growth rate of the knowledge stock: 

 ( ) ( )[ ]{ } ( )121221

_

11 φφφφφφλ −+−++= ∗nng A ,                           (6) 

 

where n*, n are the exogenous growth rates of labour in the leading and following 

countries respectively. We can then easily get the steady-state growth rate for a follower 

country from equation (5) as: 

 ( ) ( )γλ −+= ∗ 12
_

nng A  ,                                              (7) 

which, in the case of the leader, becomes 
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 ( )γλ −= ∗
∗ 1

_

ng A .                                                  (8) 

An interesting derivation from equations (6) to (8) would be that the long-run growth 

rate does not depend on the number of researchers. It is determined by the elasticity of 

the knowledge’s function and by the population growth rate.  

Parameters µ and δ are related to social infrastructures and any other additional 

factors which can contribute to an improvement in the country’s technological level 

(Dosi, 1988; and Hall and Jones, 1999). In order to understand its role let us focus on 

the equation below that can be obtained from equation (4) 

 
µλ

_
1 A

A

g
L
A

A
A +

⋅=
∗

 . (9) 

This equation has an interesting interpretation. In particular, the dynamic of 
A
A∗

 

depends on 
µ

_

1 Ag+
. Other things equal, when parameter µ is large then, the country’s 

distance to the frontier is small and vice versa. 

 

3. Variables and data description   

We have applied our main theoretical framework to four countries: the United 

States and three European leading countries (France, Germany and the United 

Kingdom) over the period 1950-2001. The data used in the empirical application come 

from a number of sources (see Appendix 1 for more details). The main features about 

the data and the construction of variables are described in this section.  

For the accounting exercise that follows, we need to derive several results from 

Jones’ (2002a) setup. First, the production function in equation (1) can be rewritten in 

terms of output per worker, yt=Yt/Lt, as: 
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 ( ) α
σ

α
α

−−= 11 AhlYKy tYtttt , (10) 

where Yt represents the production of goods and services, Kt is the stock of physical 

capital, lYt is the proportion of the workforce allocated in the production of goods, ht is 

human capital per capita, and At is the stock of knowledge available in the economy. A 

is measured by TFP and derived from equation (10) in the same spirit as Solow's classic 

growth accounting model, under the following assumption: the elasticity of capital with 

respect to income α is assumed to be equal to one-third, in line with the most 

representative literature (Mankiw et al, 1992; Mankiw, 1995; and Gollin, 2002). 

Writing the labour-force data constraint as LYt+LAt=Lt could be useful at this 

point, where Lt denotes total employment, LYt is the amount of labour producing output, 

and LAt is the number of researchers and scientists. In addition, we define lY=LY/L and 

lA=LA/L as the fraction of labour employed producing output and producing ideas, 

respectively. As a result, lYt=(1-lAt). The next step is to obtain values for the education 

parameters. In this paper, education attainment has been measured by the average years 

of schooling for individuals aged 25 and over. Following Hall and Jones (1999) this 

turned into a measure of h through the specification ( )htt lh ψexp= , which assumes that 

the endowment of human capital per person depends on the time devoted to training 

(lht). Mincer’s (1974) results on the return on education suggest a value of ψ =0.07. It 

implies that an additional year of schooling has a direct effect of raising labour 

productivity by seven percent. The last term in equation (10) is the knowledge stock, 

calculated as TFP. To provide a rough empirical measure of this variable, we make the 

normalization ( )ασ −= 1 , so that A is measured in units of Harrod-neutral productivity. 

This measure of TFP is given by: 
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 ( )
1

*07.02
1

1
−












−





= htl

At
t

t
tt elY

KyA . (11) 

In order to illustrate the evolution of main variables involved, Table 1 provides an 

overview of the labour productivity, research intensity, and TFP by country in 1950 and 

2001. Figure 1 plots GDP per hour worked as a proxy for the labour productivity. The 

US shows an upward sloping trend, with a substantial gap from the time trend evolution 

line for the selected European countries. As it can be observed, the European Countries 

have experienced a higher growth rate than the US over the period, especially since the 

beginning of the 80s.  

[TABLE 1 HERE] 

[FIGURE 1 HERE] 

Regarding the interpretation of equation (11), the number of researchers and 

scientists share engaged in R&D is used to capture research intensity related to 

employment (lA). Between 1950 and 2001, it increased by a factor of ten in Germany 

and France, and by a factor of five in the US and the UK. The US accounts for the 

highest research intensity during the sample period, although Germany rose up to 85 

percent relative to the US in 2001. These rates reflect the very rapid growth in the 

number of researchers and scientists in technology leading countries.  

Figure 2 plots the evolution of TFP. Germany and France experienced the fastest 

expansion of their TFP: more than fivefold and nearly fourfold, respectively. The 

United Kingdom experienced the smallest increase of only 80 percent, while the US 

doubled its TFP level.  

[FIGURE 2 HERE] 
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4. Estimation Results 

 Once the different alternatives of the model have been constructed, we use panel 

data techniques to estimate equation (2), with special focus on the role of technology 

frontier. Yearly data are used over the period 1950-2001 to obtain the different 

estimates for the countries in our sample: France, Germany, United Kingdom and 

United States5. In this equation the knowledge stock in t+1 could be expressed as a 

function of today’s technological effort, as well as a function that depends on the 

distance from the technology frontier. We consider two possible scenarios: first, the 

baseline scenario in which the technological frontier is set up in the country with the 

highest TFP. Second, the non-observable scenario where the technology frontier shifts 

right and the leader country falls inside it.  

4.1. Baseline scenario: technological frontier’s position on the US economy  

 According to the data that is analysed in the above section, the US economy can 

be considered as the leader economy and, then, the technological frontier in this 

scenario will be referring to the US, US
tt AA =∗ . The distance from the technological 

frontier is defined as the ratio of the TFP for US with respect to the one for the follower 

country. Taking logarithms in (2) and subtracting at on both sides of the equation, a log-

linear approximation of the productivity growth in a discrete-time version can be 

obtained. The dynamics of TFP for a general case can be expressed as: 

 ( ) ( ) 1212111 )1( ++ +−+−+++=∆ tt
US
tttt aaalca εφφφφλ , (12) 

                                                             
5 A possible objection is that we have used yearly data, instead of the mean for a group of years to avoid 
business cycle dynamics. We have adopted this approach following Jones (2002a) and Papageorgiou 
(2003) with the aim of gaining more degrees of freedom, a relevant matter in panel data analysis. It 
should be noted from Figure 2 that the TFP growth rates among the countries in our sample have been 
surprisingly stable over the period.  
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where [ ])log()log( 211 µφδφ +=c  is a constant, and εt+1 is a shock that is generated by a 

stationary process with zero mean. Equation (12) relates each country’s technical 

progress positively to three components which are: research effort, country’s level of 

technology and the relative level of technology compared to the leader country. The last 

component refers to the catch-up term, i.e. a country’s TFP adjusts towards the frontier 

at a rate φ2. If the value of this coefficient is high (and positive) the non-leader country 

will perform better when the distance increases. When the catching-up term approaches 

zero, the aggregate technology rate depends mainly on the binomial tt al )1( 11 −+ φλφ . 

Being so, the country may increase its growth rate by increasing the number of 

researchers that work on innovation activities. This would mean that for the leader 

country equation (12) applies by eliminating the catching-up term.  

 Our main goal consists on estimating the values of the parameters of interest: λ, 

φ1 and φ2. The first coefficient represents the researcher performance, the second the 

effect of old ideas on new ones, and the third the convergence rate. The parameters can 

be estimated using ordinary least square (OLS), obtaining consistent but not efficient 

estimations, or the maximum likelihood estimator (MLE) under the assumption that 

errors are normally distributed. As the TFP term is included in the right hand side of 

equation (12), we need instrumental variables (IVs) to estimate β. The optimal GMM 

estimator is derived by minimizing the GMM objective function with the optimal choice 

of the matrix of instruments.  

 As indicated above, in order to address the possible existence of endogeneity we 

have used the lagged levels of the variables as instruments, which we assume are 

uncorrelated with εt+1. We estimated the equation by applying GMM, which displays 

robust estimators to the presence of heteroscedasticity and autocorrelation. After 
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completing the steps above, we have the best approach to the technology growth 

equations specified in the above sections. Results for the baseline model are reported in 

Table 2, which offers a fairly satisfactory explanation of the way technological progress 

evolves. The coefficients for the US economy, λ implicit and (φ1-1), have the correct 

sign and the values suggest that there is a positive relationship between researcher’s 

effort and TFP growth, circumstance that is not clearly appreciable in European 

countries (similar results were obtained by Jones, 2002a; Perez and Esteve, 2007; Myro 

et al, 2008; and Perez et al, 2011). The results also show a positive relationship between 

the distance to the frontier and the growth rate of TFP in Germany and the UK (not in 

the case of France) with values for the parameter φ2 of 0.185 and 0.201, respectively.  

 [TABLE 2 HERE] 

 As we assume that all countries have access to the technology frontier, firms can 

engage in both development and adoption of new process and products. The model 

specified in equation (5) can be constrained, and so equation (12) transforms into: 

 121 )1()1(2 ++ +−+−++=∆ t
US
tttt aalca εγγλ  , (13) 

where [ ])log()1()log(2 µγδγ −+=c  is a constant. The results are presented in Table 3, 

which in the case of the US economy are mostly similar to those showed previously in 

Table 2. Firstly, the researcher’s performance captured by λ has the expected sign and it 

is significant at conventional levels for Germany, UK and US. Secondly, the magnitude 

of the coefficients implies that the US performance (0.063) is larger than the European 

countries by a factor of 1.5. Additionally the technology share (γ) enters positively and 

it is significant at 1% level. In other words, more than 80 percent of the R&D labour 

force is concentrated on the innovating sector.  

[TABLE 3 HERE]  
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4.2. Scenario 2: allowing for a technology frontier shift  

As regards the robustness of our model, a crucial implication is how sensitive 

the empirical outcomes are to the definition of the technology frontier. It is well known 

that an outward shift of the frontier might result from any increase in the inputs, other 

external factors or shocks and from technological progress. Although, the baseline 

specification assumes that the technological frontier refers to the US, the leader country 

may itself lie below the frontier. If this is the case, the function of productivity growth 

must be specified in terms of a non-observable component. According to the empirical 

evidence, the process must be specified as a random walk with a drift (or, alternatively, 

as an integrated process of second order). In this case, we have to consider a model with 

unobserved components. Therefore, equations (12)-(13) admit a transformation in a 

state space using Kalman’s filter. In order to treat the evolution of the frontier 

specifically, those equations can be transformed in an augmented matrix with a random 

walk that admits a drift (as suggested by Harvey, 1989; and Hamilton, 1994). See the 

appendix 2 for the econometric specification using Kalman’s filter.  

The system of equations for the general model in a vector form is given by 

 
( )

ttt

ttttt

c
c

vβξξ
wξala

++=
++−−+++=∆

−

++

12

12212111 )1( φφφφφλ
. (14) 

Incorporating the parameters constraint (φ1+φ2=1), then the system of equations yields 

to: 

 
ttt

ttttt

c
c

vβξξ
wξala

++=
+−+−++=∆

−

++

12

111 )1()1(2 γγλ
. (15) 

While the first equation of systems (14) and (15) defines the technology progress, the 

second equation captures the evolution of the frontier. This evolution is assumed to 

follow an AR(1) process with a constant mean -as the shocks affecting the random 
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coefficients, although quite persistent, eventually return to their mean values-. The 

parameters of both systems of equations are estimated by MLE, under the assumption 

that the distribution of ∆at+1 follows a multivariate normal process that depends on the 

value of lt and at, and its own past value. Under regularity conditions, the MLE behaves 

as asymptotically efficient (Green, 2003). 

Table 4 reports the MLE estimates for the model specified by (14), which 

roughly differ from the GMM estimation (Table 2). In this second scenario, when a 

displacement in the technological frontier occurs, parameter λ increases its magnitude 

for the US economy, although it is not longer significant. A second difference accounts 

for φ1 (country’s level of technology); its influence on knowledge growth being highly 

significant, ranges from 0.56 for the US to 0.88 for France. The parameter that stands 

for imitation (φ2) exerts no influence.  

 

[TABLE 4 HERE] 

 

With respect to the restricted system (15), Table 5 offers a different picture from 

Table 3. First, the estimation on researchers´ performance becomes significant and 

larger than when the technological frontier lied on the US economy. From a comparison 

of Tables 3-5, it follows that researchers from both the US and the UK would produce, 

on average, three times more knowledge than what they did in the baseline scenario (i.e. 

0.168 vs. 0.063 and 0.119 vs. 0.040, respectively). Moreover, the results for Germany 

indicate that the new λ parameter is six times higher (i.e. 0.227 vs. 0.039). Second, the 

technology shares are now broadly similar (γ around 0.8) and highly significant across 

countries. In sum, supposing that the technology frontier transcended the leader country, 
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inventiveness performance increases for all the sample countries, and differences 

between them are reduced to the bare minimum (except for France)6.  

 

[TABLE 5 HERE] 

 

5. Implications 

To what extent do estimates depend on basic assumptions that are made in order 

to capture the notion of technological development? Table 1 displays the country’s 

observed situation, revealing that European countries’ relative position appears to be 

distant from the US frontier7. The different specifications proposed in this study bring 

about important implications related to the sources of technology growth, more 

specifically, about researchers’ performance -inventiveness-, diffusion of knowledge, 

and technology frontier. We now use the regression results to see how well the model 

fits the experience of the countries included in the sample.  

What do our results imply about researcher performance in terms of 

inventiveness? With the estimates from the constrained model in hand, we can turn to 

counterfactual calculations, in the spirit of Caselli and Colleman (2006). Then, in order 

to assess the quantitative importance of invention, we ask the following question: 

holding the US technology frontier constant, by how much would a country’s TFP 

change if we increased researcher’s abilities at innovating? We compute the levels of 

TFP associated with a specific shock on inventiveness. Finally, we compare these 

numbers with both the country’ actual values and the ones corresponding to the US. In 

                                                             
6 Both specifications (14) and (15) include country-specific constants unreported that were never 
significant nor did they affect the substance of the residuals. 
7 Note, for example, that Germany’s TFP in 2001 was two thirds of the one in the US. 
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other words, we assess the knowledge consequences of movements along a given 

technology frontier. Hence, we simulate this counterfactual for Germany. 

Table 3 shows that researcher performance is 50 per cent higher in the US than 

in Germany and the UK. To better understand the importance of these differences, we 

have simulated how changes in λ influence the transitional growth path in Germany. 

The result of this experiment is plotted in Figure 3. As can be seen, a uniform increase 

of 5 percent in λ works out in a higher growth path, which in turn leads to a higher TFP’ 

steady-state than the actual path. The extrapolated German knowledge tends to catch up 

with that of the US, ceteris paribus. We interpret this finding as indicating that 

enhancing researcher’s performance could play a central role in determining knowledge 

differences across countries.  

[FIGURE 3 HERE] 

 

As regards the diffusion of knowledge, an important question arises: why European 

countries do not devote more R&D endowments to transfer technology if its 

contribution to the growth of knowledge growth is large? One plausible explanation, 

given our results, is that in non-integrated markets researchers might engage in both 

R&D activities, thus, the innovation imitation ratio might not respond to the 

productivity criteria. As a result, the potential technological growth rate would 

decrease8.  

Next, we turn to a quantitative assessment of the technology frontier shift. Our 

findings suggest that the pattern of technology development is sensitive across 
                                                             
8 Van Ark, et al. (2008) highlighted the idea of how the benefits of knowledge differ greatly between 
advanced economies and that leaded to differences in productivity among the US economy and some 
European countries. They emphasized the role that labour markets and the high level of product market 
regulations played in Europe. As a residual measure, TFP might reflect the overall efficiency of the 
production process, which may include the impact of organizational changes related to the use of 
information technology. 



 18 

definitions of the technology frontier. If we compare results across Tables 3 to 5 we see 

that there is an increase in the generation of new ideas across countries, when 

considering a complex world technology frontier. 

With the estimates from the constrained models, we can think of: what would 

happen in the long run if we considered both a country leader and a world menu of best 

practice technologies? Hence, we now compare each country’s observed steady-state 

growth rate with the steady-state growth rate that the country would obtain if it had 

access to the world technology frontier. For this experiment, we assume a constant 

population growth rate of 1.6 percent for US, and 0.5 per cent for European countries, 

which are the real growth rates on employment over the sample period. It does not come 

as a surprise that in the result from equation (8) American researchers’ performance on 

the steady-state rises significantly, from 0.59 percent to 1.32 percent. These figures 

show the substantial influence of a technology frontier drift in which the steady-state 

growth rate could increase by up to twofold. It should be clear from equation (7) that the 

impact for European countries would be even greater. Note that for the UK the steady-

state growth rate boosts by up to fourfold, and for Germany it is multiplied by sixteen. 

Obviously, the steady state growth rates could be lower in the future if population 

growth rates decline. However it is important to note that the ratio between productivity 

growth rates for both scenarios, i.e. state space and baseline, remains unchanged. 

 

6. Conclusions 

The aim of this paper is to disentangle the effects of imitative and innovative 

research effort on technology growth. It starts with a R&D technology model similar to 

Jones’ (1995) that includes imitation efforts in which two scenarios are considered: in 

the baseline one, the US is located at the technology frontier; in the second one, the 
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technology frontier is unknown. The empirical application to the model is carried out 

for four countries over 50 years by using panel data analysis and Kalman’s filter 

techniques.   

 The analysis of two different scenarios, altering definitions of technological 

frontier, generates very different economic growth outcomes. In the baseline scenario, 

American researchers are more growth enhancing than their European counterparts and 

exhibit a better performance. One implication of our results is that the other countries 

could benefit from the spillovers, through technological diffusion of knowledge. In the 

second scenario -the technology frontier can transcend the limit imposed by the 

economy with the highest productivity (US)-, the results suggest that the spillovers 

effects from innovation are greater by boosting the overall innovation performance. 

Additionally, dispersion among countries has been reduced. 

Those findings call for a more general definition of technology frontier, which is 

not limited to single countries. The points allocated within the frontier line would 

represent a menu of best practice technologies. Along the frontier, countries could alter 

the intensity in which different inputs are used. The traditional view that there is a 

unique technology frontier and all countries but the leader lie inside the frontier would 

be overly simplistic. Instead, the data are better rationalized if it would be considered 

that at each point in time firms have access to a whole menu of best practice 

technologies; some of these technologies could be complemented either with imitative 

activities and/or with R&D activities.  

The framework developed in this paper could be extended in a number of 

directions. First, it would be motivating to explore the explanation power of the analysis 

taking breakthrough innovations into consideration. In this regard, it should be useful to 
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distinguish between normal technical progress and technical progress associated with 

new paradigms (Dosi 1988). Second, it might prove helpful to differentiate between 

public or private research and the way they could induce knowledge. The 

appropriability of the economic returns from innovation clearly relates to the latter. 

Third, European countries devote to innovation more resources and similar number of 

scientists and researchers than the US. However, their achievement is not up to the 

American standard. These results show that there is still an open line for future work to 

analyze the role of social infrastructure, extensive scientific networks and human capital 

in this framework.  
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TABLES AND FIGURES 

Table 1. Descriptive Analysis 

  Year Germany France UK US  

GDP per hour 1950 4.0 4.4 5.4 14.4 

  2001 27.9 25.6 17.3 40.0 

Research intensity 1950 0.08 0.08 0.10 0.27 

 2001 0.85 0.74 0.58 1.00 

TFP 1950 1.3 1.7 2.6 4.6 

  2001 6.6 6.6 4.8 9.8 

Source: own elaboration.  
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Table 2. Baseline model 

Dependent variable is ∆Log(TFP) 

Estimation Method: GMM 

 Coefficients Germany France UK  US 

 c1 -0.144 -0.002 -0.176*  -0.051 

  (0.07) (0.06) (0.09) (0.04) 

 λ(φ1+φ2) 0.010 -0.008 0.023 0.063***  

  (0.01) (0.03) (0.03) (0.02) 

 φ1−1 0.018 0.016 -0.045 -0.171*** 

  (0.06) (0.09) (0.06)  (0.06) 

 φ2 0.185*** 0.067  0.201*** 

  (0.07) (0.08) (0.09) 

 λ implicit    0.075*** 

     (0.03) 

 R2 0.70 0.40 0.18 0.21 

 DW 1.87 1.89 1.88 2.18 

Notes: Standard errors are in parenthesis and are robust to heteroscedasticity and autocorrelation 
according to Newey-West correction of standard errors. (***), (**) and (*) indicate statistical significance at 
the levels of 1, 5 and 10% respectively. The standard error of λ implicit in the US was calculated by the 
delta method. 
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Table 3. Baseline constrained model 

Dependent variable is ∆Log(TFP) 

Estimation Method: GMM 

 Coefficients Germany France UK  US 

 c2 -0.075*  0.055 -0.011*  -0.051 

  (0.04) (0.04) (0.06) (0.04) 

 λ 0.039*** -0.004 0.040 ** 0.063***  

  (0.01) (0.01) (0.02) (0.02) 

 γ 0.915*** 0.983*** 0.903*** 0.829*** 

  (0.01) (0.01) (0.03)  (0.06) 

 R2 0.70 0.37 0.14 0.21 

 DW 1.76 1.87 1.50 2.18 

Notes: Standard errors are in parenthesis and are robust to heteroscedasticity and autocorrelation 
according to Newey-West correction of standard errors. (***), (**) and (*) indicate statistical significance at 
the levels of 1, 5 and 10% respectively. 
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Table 4. State space model 

Dependent variable is ∆Log(TFP) 

Estimation Method: MLE 

 Coefficients Germany Framce UK  US 

 λ 0.081  0.028  0.032  0.205  

  (0.07)  (0.05)  (0.05)  (0.16) 

 φ1 0.731*** 0.881*** 0.815*** 0.555***  

  (0.14)  (0.10)  (0.14)   (0.17) 

 φ2 0.001  0.001  0.001  0.001 

  (0.00)  (0.00)  (0.00)  (0.00) 

Notes. Standard errors are given in brackets. ***, ** and * indicate statistical significance at the levels of 1, 
5 and 10% respectively.  
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Table 5. State space constrained model 

Dependent variable is ∆Log (TFP) 

Estimation Method: MLE 

 Coefficients DE FR UK  US 

 λ 0.227 **    -0.159***  0.119*** 0.168***  

  (0.07)  (0.11)  (0.04)  (0.04) 

 γ 0.764*** 1.188*** 0.858*** 0.796***  

  (0.08)  (0.18)  (0.05)   (0.05) 

Notes: Standard errors are in parenthesis and are robust to heteroscedasticity and autocorrelation 
according to Newey-West correction of standard errors. (***), (**) and (*) indicate statistical significance at 
the levels of 1, 5 and 10% respectively. 
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Appendix 1: Data Sources 

• GDP per Hour. The data for GDP at 1990’s constant prices were calculated using 

Eurostat (Statistical appendix to European Economy). The values corresponding to 

the period 1950-1960 are based on the GDP Movement Series provided by 

Maddison (1995a). Weekly working hours in non-agricultural activities were 

obtained from the Work Statistics Directories, published by the International Labour 

Organization (ILO), whilst it was necessary to use various issues of the OECD 

Labour Force Statistics in order to estimate some of the values for the United 

Kingdom. 

• People in work. The starting point is the total employment in 1960, obtained from 

OECD Labour Force Statistics. The series for the following years were obtained by 

applying to that number the rates of variation provided by Eurostat, for the 

European Economies. In contrast, the series for the preceding years, 1950-1960, are 

calculated by deducting the annual variations provided by Maddison (1995a) from 

the number of people employed in 1960. 

• Physical Capital. Fixed capital stock was calculated by means of the perpetual 

inventory method, obtaining the initial value of capital stock following the approach 

of Harberger and Wisecarver (1977). The depreciation rate used was 4 percent. For 

the years between 1950 and 1960, the annual variation rates provided by Maddison 

(1995b) were used to the value estimated for 1960. 

• Investment. Gross Capital Investment at 1990’s constant prices was calculated from 

Eurostat (European Economy Appendix). The values for 1950-1960 were calculated 

using the variation rates provided by Madison (1995b). 



 34 

• Human Capital. The data for average years of educational attainment for population 

over 25 years old come from De la Fuente and Doménech (2006). 

• Engineers and Scientists Engaged in R&D Activities. The source (National Science 

Board and OECD) is the same as that indicated in Jones (2002a), though it was 

necessary to estimate for 1994-1999 using the exponential smoothing method. For 

the years prior to 1960, it was assumed that the ratio of "research intensity" for each 

of the three European countries in relation to the US was the same in 1950 as in 

1960. This ratio was interpolated for the intermediate years. The number of 

scientists and technicians was obtained from employment data. 

 

Appendix 2: Kalman’s filter methodology applied to technological frontiers  

 Let Z1, Z2, ...., Zt be the observations that account for the growth rate of the stock 

of ideas. They depend on another non-observable variable, the technological frontier, 

represented by ξt. The state space representation of the dynamics of an (nx1) vector Z is 

given by the following system of equations: 
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where A’, H’ and F are matrixes of dimension (nxk), (nxr) and (rxr) respectively, x is a 

(kx1) vector of exogenous or predetermined variables (the number of researchers and 

the stock of ideas), ξ is a (rx1) vector of unobserved state variables, β is a (rx1) vector 

of slopes, and the disturbance vectors w and v are assumed to be stationary and i.i.d, 

with var(wt) = R, var(vt) = Q and E(ws vt) = 0, ∀ s,t.  The relation between Zt and ξt is 

linear and specified by the first expression, which is known as the observation equation. 

The dynamic nature of the system is incorporated through the second equation, which is 
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known as the state equation. In general, the elements of ξt can not be observed, but it is 

known that can be generated by a first order Markov process. The parameter β can be 

treated as part of the state vector, even though it is a constant, by defining the state 

vector as [ ]', ttt βξα =  and letting the model be written in space state form as: 
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Under the hypothesis that the frontier does not coincide with the US, the main goal 

focus on estimating the parameters of interest and make inferences about ξτ, given 

observations of (Zt, xt) for t = 1, 2, 3,....,T, using the Kalman’s filter.  
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