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Abstract Using data from 11 manufacturing industries in 17 OECD countries, this paper 
empirically investigates the determinants of cross-country differences in the persistence of 
productivity differentials. Specifically, the paper focuses on the effects of product market 
structure and technology diffusion. It is found that the manufacturing industries display a wide 
range of convergence rates. Consistent with theories, the persistence of productivity differentials 
is found to be positively correlated with the price-cost margin�the proxy for market 
monopolistic behavior. The proxies for technology diffusion, however, do not exhibit 
consistently significant effect. Among the conditioning macro variables, productivity 
convergence appears to be enhanced by human capital but deterred by government spending. 
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Introduction 
 
 The convergence of per capita real output across countries is an active research area. 
Several theoretical models and empirical studies are devoted to investigate the question of 
whether less productive economies are catching up with the most productive economies. One 
may argue that technology diffusion and resource re-allocation will eliminate productivity 
differentials and, hence, eradicate national output disparities. For instance, in a world of fully 
integrated markets and absence of adjustment costs, one would expect rapid convergence of 
output per worker across countries.1 Extant empirical studies, however, indicate that cross-
country productivity differentials are surprisingly persistent and convergence in output is quite 
sluggish. If there is convergence across countries, the rate is likely to be small. 
 The empirical evidence on cross-country convergence depends on the sample of countries 
under investigation. Baumol (1986), for example, reports strong evidence of convergence among 
a group of OECD countries. The result is, however, not robust to the inclusion of other countries. 
Baumol et al. (1989) assert that convergence occurs within each income group and not across the 
groups. Overall, the existing empirical results suggest that convergence is likely to occur in a 
group of homogenous countries at a similar stage of economic development (Barro, 1991; 
Mankiw et al., 1992).2 Using a large sample of countries, Hall and Jones (1999) find that cross-
country differences in capital accumulation and productivity are related to differences in 
institutions and government policies. For instance, the countries that have efficient social 
infrastructures and government policies in favor of physical and human capital accumulation as 
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well as diffusion of new technologies tend to display a similar level of investment and 
productivity. 
 The existing empirical results suggest that convergence is likely to occur in a group of 
homogenous countries at a similar stage of economic development. Yet, different economic 
sectors across similar countries may experience uneven degrees of persistence in productivity 
differentials. Bernard and Jones (1996a, 1996b) argue that studies of aggregate productivity 
convergence ignore the possible differential behavior at the sectoral level. Using data from 
OECD countries, the authors report dissimilar convergence patterns for different sectors. For 
example, the services sector yields support for convergence while the manufacturing sector 
reveals little evidence of it. The lack of convergence in the manufacturing sector, however, may 
be attributed to the problem of aggregation. Garcia Pascual and Westermann (2002) use 
disaggregate data on manufacturing industries in some OECD countries to examine the 
convergence behavior and report more supportive evidence of productivity convergence. 
 Which are the determinants of the persistence of productivity differentials across OECD 
countries? While there are empirical studies examining the convergence of output and 
productivity data, not much effort has been devoted to investigate the economic determinants of 
the persistence of cross-country productivity differentials. Jaffe et al. (1993), Jaffe and 
Trajtenberg (1996), and Eaton and Kortum (1999, 1996), for example, point to the locality of 
technology spillovers as a potential explanation for the slow convergence of some industries. If 
technology diffusion is local rather than global, then productivity differential can be very 
persistent. Thus, the migration of local to global technology transfer will foster convergence and 
reduce productivity-differential persistence (Keller, 2000). 
 Market structure is another factor that would affect the convergence behavior. Aghion et 
al. (1997a,b), for example, argue that the degree of product market competition influences the 
incentives to engage in R&D activities and to invest in leading-edge technologies. Thus, in the 
presence of a less competitive market structure, one expects a prolonged period of productivity 
gap. Because different manufacturing industries endure various degrees of market 
competitiveness, one expects to observe a diverse pattern of cross-industry convergence. 
 This paper examines the empirical relevance of market structure and technology diffusion 
to productivity convergence. Specifically, we use cross-country data on several manufacturing 
industries to investigate whether productivity-differential persistence is systematically related to 
proxies for market structure and technology diffusion. A group of 17 OECD countries, which are 
quite homogenous and have comparable national income, are studied. To ensure the market 
structure and that technology diffusion effects are not spurious, a set of macro variables that are 
traditionally used in the empirical growth literature is included in the empirical analysis. 
 The remainder of the paper is organized as follows. Section 2 presents a selective review 
of the theoretical literature on the relationships between market structure, technology diffusion, 
and productivity convergence. It also briefly discusses the macro variables that are used as 
controls in the exercise. Section 3 describes the productivity data from 11 manufacturing 
industries in 17 OECD countries. The estimates of relative convergence rates (with the US as the 
benchmark) are reported in the same section. Section 4 introduces (a) the price-cost margin 
which is the proxy for market structure, (b) the US patent applications and fees on royalties and 
licenses which are proxies for technology diffusion, and (c) conditioning macro variables. 
Estimation results based on seemingly unrelated and censored regression methods are presented 
in Section 5. Section 6 concludes. 
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A Selective Review 
 
 This section provides a selective review on the effects of market structure, technology 
transfers, and some macroeconomic variables on productivity differential persistence. Readers 
who are only interested in the empirical results may skip this section and go directly to Section 3.  
 
Market Structure 
  
 Does market competition foster or deter productivity convergence? At first glance, the 
basic endogenous growth mechanism may suggest a negative relationship between growth 
convergence and product market competition. The �New Growth Theory� endogenizes the firm's 
decision on investment in the development of new products and ideas (Romer, 1990). The 
decision to innovate is justified by the expected flow of net profits from the invention. As 
monopoly rents constitute a stimulus for firms to innovate, a higher level of market competition 
reduces firms' monopoly rents, lowers the incentive to innovate, and consequently slows down 
productivity convergence.3 
 Aghion et al. (1997a) offer some qualifications for a negative correlation between 
competition and growth. Using a principal-agent framework, they derive a positive effect of 
competition on productivity. In their model, the manager faces private costs of adopting new 
technologies (including training, reorganization costs, ..., etc.) and benefits from being in control 
of the company. Hence, the manager will delay the adoption of new vintage technologies as long 
as the firm stays in business. A higher level of competition leads to lower profits and, thus, 
forces the manager to adopt new technologies to remain in business. Competition provides a 
disciplinary device to ensure the adoption of advanced technologies and foster the catching up 
process.4  
 A similar positive effect of competition on productivity growth is demonstrated by 
Aghion et al. (1997b). Assuming a step-by-step innovation procedure, the technological laggards 
cannot leapfrog the technological leaders. Instead, the laggards need to catch up before they can 
become leaders themselves. Under these circumstances, easier imitation induces laggards to 
catch up with the technology leaders. The process leads to further competition among 
participants and provides the appropriate incentives for innovation and productivity 
improvement, which lead to faster productivity convergence between economies. 
 
Technology Diffusion 
 
 The international transmission of technological know-how is an important channel 
through which the technologically underdeveloped economies acquire the necessary knowledge 
to enhance productivity and growth. Both locally generated and foreign innovations benefit 
growth (Rivera-Batiz and Romer, 1991). The technological know-how can be acquired via 
various venues. For instance, through imitation, a technologically underdeveloped economy 
enhances its technology and production efficiency. Besides aiding technologically 
underdeveloped economies, Grossman and Helpman (1991a), for example, show that imitation 
can also promote innovation. In a model of expanding varieties, Barro and Sala-i-Martin (1997) 
investigate the role of technology diffusion as a contributing factor to conditional convergence. It 
is shown that technology diffusion diminishes productivity differentials and leads to 
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convergence. Technologically underdeveloped economies initially grow faster than the leader 
and the speed of convergence falls as the technology gap narrows. 
 For practical purposes, patent applications in a foreign country are commonly used to 
capture trade in ideas, which improves transmission of know-how and promotes technology 
diffusion (Jaffe and Trajtenberg, 1996; Eaton and Kortum, 1996, 1999; Branstetter, 2000). Patent 
registration is conceived as a means to protect intellectual property rights. With property right 
protection, technology transfers that benefit productivity and reduce output gaps are more likely 
to occur. 
 An alternative channel of technology diffusion is foreign direct investment (FDI). 
Existing empirical evidence on the relationship between FDI and technology spillovers is mixed. 
For example, Lichtenberg and van Pottelsberghe de la Potterie (1996) find that FDI inflows did 
not enhance productivity spillovers among the OECD countries during the period 1970-1990. 
For the same sample period, however, Hejazi and Safarian (1996) find significant R&D 
spillovers as a result of FDI from the US to the OECD countries. The conflicting results may be 
partially explained by the difficulty of measuring FDI data. To alleviate the data-quality problem 
we follow Xu (2000) and use the payment for royalties and licenses to study the effect of 
technology diffusion on productivity differential persistence. Ideally, the royalties and license 
payments are a good proxy for FDI when FDI contains a large component of technology 
transfers. 
 
Control Variables 
 
 The convergence result � as in the neoclassical growth models � is conditional on a set of 
country-specific characteristics that may encourage or hinder productivity growth. For instance, 
the education level and government policy can have both direct and indirect effects on 
productivity convergence. To ensure our analysis of market structure and technology diffusion 
effects is robust to these economic factors, we include the variables that are commonly 
considered in the (empirical) growth literature. 
 Human Capital. As pointed out by Nelson and Phelps (1966) human capital augments a 
country's ability to innovate. Therefore, constraints on human capital can be impediments to 
productivity convergence across countries (Barro et al., 1995). Intuitively, for a technologically 
underdeveloped economy, it is easier to absorb and adopt advanced technologies if the 
population is better educated, ceteris paribus (Lucas, 1993). Therefore we expect a negative 
relationship between the level of human capital and the persistence of productivity differences. 
 R&D Intensity. In a standard endogenous growth model, R&D intensity exerts a direct 
positive effect on productivity growth (Romer, 1990; Grossman and Helpman, 1991a,b; Aghion 
and Howitt, 1992). Similarly, the rate of productivity convergence is also directly related to the 
R&D intensity (Howitt, 2000). A high level of R&D intensity in a technologically 
underdeveloped economy provides a favorable environment to narrow the technology gap and 
catch up with advanced economies. 
 Government Spending. The effect of government spending depends on its implications 
for (private sector) productivity. Unproductive spending that crowds out private investment 
obstructs growth while spending (e.g., on infra-structure and education) that augments 
productivity promotes growth. In a model with government spending in the production function 
and distortionary taxation, Barro (1990) and Barro and Sala-i-Martin (1995) show that there is a 
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U-shaped relationship between government expenditure and growth. A priori, government 
spending has an ambiguous effect on convergence. 
 Sunk Costs. The presence of high sunk costs, which cannot be recovered upon exit, will 
deter firms from entering the market (Dixit, 1989). For instance, in an oligopolistic industry, the 
over-investment strategy can be used to stave off potential competition. High sunk costs also 
discourage foreign direct investment, which is a channel for technology diffusion. Therefore, 
sunk costs are likely to have a positive implication for productivity-differential persistence. 
 Openness. The openness of an economy helps advance productivity growth as it allows 
the economy to gain access to foreign technology and the global financial market. Openness also 
facilitates the flow of knowledge toward technologically underdeveloped economies and, hence, 
is perceived as a positive factor for convergence (Grossman and Helpman, 1991a). Some studies 
report a positive link between international trade and growth (Levine and Renelt, 1992), and 
between trade and per capita income convergence (Ben-David, 1993, 1996; Sachs and Warner, 
1995). However, more recent studies tend to find the effects of openness on growth and 
convergence ambiguous or insignificant (Rodriguez and Rodrik, 1999; Slaughter, 2000). 
 Geographic Distance. One perspective is that geographical distance limits the extent of 
technology spillovers. Countries far away from the R&D centers benefit less than neighboring 
countries since technology spillovers tend to be local rather than global (Keller, 2000). The 
distance variable is also commonly used in the studies that examine, for example, price 
convergence and relative trade activity (Engel and Rogers, 1996; McCallum, 1995). However, 
given the advance in information technology, geographic distance may not constitute a 
determining factor of knowledge flows. 
 
 
Persistence of Productivity Differentials 
 
 We consider industry-level data from 17 OECD countries: Australia, Austria, Belgium, 
Canada, Denmark, Finland, France, Germany, Greece, Italy, Japan, Netherlands, Norway, 
Portugal, Sweden, United Kingdom, and United States. The sample covers 11 industries that 
span the manufacturing sector. Table 1 lists these industries and their ISIC codes. The annual 
data from 1970 to 1995 were retrieved from the STAN database (OECD, 1999a).  
For the i-th industry of country j, the productivity at time t is measured by  
 

, , , , ,., , , , , ,., , , , , ,.,ln (ln ln ) (ln ln ) (1 )(ln ln )i j t i j t i t i j t i j t i t i j t i j t i tTFP VA VA L L K Kγ γ= − − − − − −           (1) 
 
where 1,...,11;  1,...,17;  1970,...,1995i j t= = = , γi,j,t is 
 
 i,j,t i,j,t i,.,t( ) / 2γ α α= + ,                           (2) 
 
VA is value added, L is total employment, K is the capital stock, and α is the labor compensation 
share of the value added. Zi,.,t is the average of Zi,j,t across j.5  
 Equation (1) is the multilateral total factor productivity (TFP) index proposed by Caves, 
Christensen, and Diewert (1982a,b). This TFP index has some desirable properties including 
superlativeness and transitiveness, which make it possible to compare national productivity 
levels. See Hulten (2000), for example, for further discussion on the index. 
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 The values of the average TFP index for each country and each industry are given in 
Table 2. Data on the average productivity of a country are given in the last column. There are 
considerable variations in the productivity data across both industries and countries. In most 
industries, the US is the most productive economy. When all the 11 industries are considered, ten 
countries have a negative average productivity index while seven have a positive one. The US 
has the highest average productivity index (0.42) and Portugal is the least productive economy. 
Because of its productivity leadership, the US is commonly used as a benchmark in constructing 
the productivity-differential data (Bernard and Jones, 1996a,b). In the current exercise, we adopt 
the convention and use the US as the benchmark country in evaluating the degree of productivity 
differential persistence. 
 Following the common practice, we use a time series specification to characterize data 
persistence. Let Xi,j,t = lnTFPi,j,t be the logarithm of the industry i's productivity in country j at 
time t, and Xi,.,t is the productivity variable of the benchmark country. The productivity 
differential is given by xi,j,t = Xi,j,t-Xi,.,t.  Assuming that the productivity-differential series can be 
approximated by a finite-order autoregressive process,  
 

 
, 1

i,j,t , i,j,0 i,j,t-1 , , , , , ,
1

;   1,..., .
i jp

i j i j k i j t k i j t
k

x a b x b x t Tε
−

−
=

= + + ∆ + =∑                       (3) 

 
 For industry i of country j, the mean reversion coefficient (MRCi,j=bi,j,0) is used to 
measure the degree of persistence.6 Specifically, a large MRC implies a high level of persistence 
and a long time period to narrow a productivity gap. The Akaike information criterion is used to 
determine the lag length parameter pi,j. Table 3 contains some descriptive statistics for the 
estimated MRC. Across industries, the average MRC estimates are between 0.83 (TAL) and 0.34 
(NFM). Among the countries in the sample, Denmark, Italy, and Japan have the largest average 
MRC estimates, and Norway has the smallest average persistence measure. The standard 
deviations and range measures (maximum and minimum) confirm that there is a wide variety of 
convergence behavior across industries and countries (Garcia Pascual and Westermann, 2002).7 
 
 
Potential Determinants 
 
Market Structure and Technology Diffusion 
 
 As a proxy for market structure, the price-cost margin (PCM) is commonly used to gauge 
the degree of monopolistic behavior or market competitiveness (Domowitz et al., 1986; Campa 
and Goldberg, 1995; Cheung et al., 2001). For industry i of country j at time t, the PCM is 
defined as 
 
 , , , , , , , ,( ) /i j t i j t i j t i j tPCM VA W F= −                          (4) 
 
where W is the labor compensation and F is the value of total production. A high value of PCM 
reflects a low degree of competition in the industry.8 Table 4 presents some descriptive statistics 
for the time averages of PCM estimates. The industry and country averages are, respectively, 
given in the upper and lower panels. According to the PCM measure, the non-metallic mineral 
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(NMM) industry is the least competitive industry and the iron and steel (IST) industry is the most 
competitive one. The most and least competitive countries are, respectively, Sweden and Greece. 
As reflected by standard deviations and ranges, there is considerable variation of PCM in the 
data though it is not as variable as MRC.9 
 Two different proxy variables, the number of patent applications and payment for 
royalties and licenses, are used to quantify technology diffusion. The data were retrieved from 
the Basic\ Science and Technology Statistics (OECD, 1999b) and US Department of Commerce 
(2001). The data on these two proxy variables are available at the country level but not the 
industry level. The use of country-level data may lead to imprecise estimation of the effect of 
technology diffusion on productivity-differential persistence. 
 Since the US is the benchmark country, the patent application variable is defined as the 
ratio of the number of US patent applications to the total number of patent applications in the 
manufacturing industry of country j (Jaffe and Trajtenberg, 1986; Eaton and Kortum, 1996, 
1999; Branstetter, 2000). The variable is denoted as PAT_USj,t. Similarly, the royalties and 
license payments variable is defined as the amount of royalties and license fees paid by the US 
affiliates normalized by the US foreign direct investment position in a given country (Xu, 2000) 
and is denoted as FDI_ROYj,t.10 
 Table 5 presents some descriptive statistics of these two proxy variables. It is interesting 
to note that Canada has a large PAT_USj,t estimate but a relatively small FDI_ROYj,t number. In 
the case of Japan, the PAT_USj,t estimate is small but FDI_ROYj,t is among the largest. 
Apparently, PAT_USj,t and FDI_ROYj,t are two alternative ways to capture technology 
diffusion.11 
 
Control Variables 
 
 Following Benhabib and Spiegel (1994), the average year of schooling is used as the 
proxy for the country's stock of human capital and is denoted as HCj,t (Penn World Tables 5.6). 
R&D intensity (R&Di,j,t) is measured as the ratio of the R&D expenditure to the total production 
in industry i of country j at time t.12  Similar measures have been used to investigate the effect of 
domestic and foreign R&D expenditures on productivity and growth (Coe and Helpman, 1995; 
Coe et al., 1996). The physical investment normalized by total production in industry i of country 
j at time t, which measures the physical investment intensity, is used as the proxy for sunk costs 
(SUNKi,j,t).13  Data on both R&Di,j,t and  SUNKi,j,t are from the Main Industrial Indicators, 
OECD (1999c). 
 The government spending (GOVj,t) variable for country j at time t is defined by the 
government consumption as a share of GDP (International Financial Statistics, CD-ROM, 2001). 
The variable is commonly used in the empirical growth literature to explain cross-country 
differences in per capita income (Barro and Sala-i-Martin, 1995). The degree of openness 
(OPENi,j,t) in each industry is measured by imports over total production in industry i of country j 
at time t (Romer, 1993). The required data were drawn from OECD (1999a). Finally, the 
distance variable (DISTj) is defined by the geographical distance between the state capital of 
country j and that of the US (Barro and Lee, 1993). 
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Estimation Results 
 
 Using the empirical variables discussed in the previous sections, we examine the 
determinants of productivity-differential persistence. We consider the following three 
specifications:  
 
 , 1 , 4 , 5 ,i j i i j i j i jMRC PCM SUNK GOVα δ β β β= + + + +                       (5) 
  6 , 7 , 2 , 2 , ,&i j i j i j i j i jOPEN HC R D DISTβ β β β ε+ + + + +  
  
 , 2 3 4 ,_ _i j i j j i jMRC PAT US FDI ROY SUNKα δ β β β= + + + +                      (6) 
  5 , 6 , 7 , 2 , 2 , ,&i j i j i j i j i j i jGOV OPEN HC R D DISTβ β β β β ε+ + + + + +  
  
 , 1 2 3 4 ,_ _i j i j j j i jMRC PCM PAT US FDI ROY SUNKα δ β β β β= + + + + +                     (7) 
  5 , 6 , 7 , 2 , 2 , ,&i j i j i j i j i j i jGOV OPEN HC R D DISTβ β β β β ε+ + + + + +  
 
where i (= 1,...,11) is the industrial index, j (=1,...,16) is the country index, α is a constant term, 

iδ  is a industry-specific dummy variable, and ε is the residual term.14  All the right-hand-side 
variables are the sample averages over the 1970-1995 period and are expressed in natural 
logarithms, a common practice in the literature.15  With the control variables in all the three 
specifications, equation (5) studies the market structure effect, (6) focuses on the technology 
diffusion effect, and (7) examines the combined effects. 
 
Multiple-Equation Regression 
 
 In this subsection, we estimate the three specifications using all the available data. Two 
different estimation procedures are considered: seemingly unrelated regression (SUR) and full 
information maximum likelihood estimation. The results from these two estimation methods turn 
out to be quite similar. For brevity, we only reported the SUR results in Table 6. 
 The estimates from the first model specification are given under (S1). The (S1') column 
reports the case in which the insignificant control variables are excluded. The estimation results 
indicate a strong market structure effect on the level of productivity-differential persistence. For 
instance, in the presence of all the conditioning variables, PCM (the proxy for market 
monopolistic behavior) has a significant positive effect on the persistence of productivity 
differences. As a large PCM reflects a low degree of competition, the estimation result suggests 
that competition reduces the persistence in the productivity differentials across countries. The 
evidence is in accordance with studies such as Aghion et al. (1997a,b) that predict competition 
will enhance the catch-up process. 
 The coefficients of most conditioning variables have their expected signs. However, only 
government spending (GOV) and human capital (HC) are likely to have a statistically 
significance effect on productivity-differential persistence. In fact, when the other insignificant 
control variables are excluded, the government spending variable and the human capital variable 
are marginally significant. A higher level of government spending is associated with a higher 
degree of productivity-differential persistence, a result that is comparable to the one in Barro and 
Sala-i-Martin (1995). On the human capital effect, the negative effect is consistent with the 
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finding that human capital is a source of labor productivity differences across countries (Hall and 
Jones, 1999). 
 The effect of technology diffusion on the persistence of productivity differences, as given 
in equation (6), is reported under (S2) and (S2') in Table 6. The two proxies for technology 
diffusion have a negative coefficient; indicating that technology spillovers reduce productivity 
differential persistence. Nonetheless, both variables are statistically insignificant. The 
coefficients of control variables have the expected sign, but all of them are insignificant. When 
the insignificant control variables are excluded, the patent variable is marginally significant.  
 In an empirical study, Keller (2000) finds weak evidence in favor of international 
technology spillovers in the OECD countries for a similar sample period. His empirical study 
lends more support to the geographical locality of technological spillovers. Yet, he also points 
out that the globalization of spillovers seems to have increased over time. The weak evidence 
revealed in (S2) and (S2') may be related to data quality. Unlike the market structure proxy 
variables, the technology diffusion proxies are country-level but not industry-specific data. This 
may make it difficult to estimate the technology diffusion effect precisely. 
 What are the effects of market structure and technology diffusion on the persistence of 
productivity differentials when both types of proxies are simultaneously included in the 
regression? The estimates reported under (S3) and (S3') in Table 6 indicate that the market 
structure proxy variable remains positive and significant in the combined model. Apparently, the 
presence of technology diffusion variables has no obvious impact on the estimated effects of 
PCM. The coefficient estimate of PCM is very similar to those under specifications (S1) and 
(S1') in terms of magnitude and level of significance. The significance of the technology 
diffusion proxy variables depends on the control variables. The exclusion of the highly 
insignificant control variables enhances the level of significance of the patent variable 
(PAT_US). It seems that PAT_US is the technology diffusion variable that has a consistent 
impact on productivity-differential persistence across specifications. Again, the coefficients of 
the control variables have their expected signs but only the GOV and HC variables are 
(marginally) significant. 
 Overall, there is strong evidence on the effect of market structure. A higher degree of 
monopolistic competition implies a higher level of persistence and a longer time to achieve 
output convergence across countries. The technology diffusion effect is, however, not 
unambiguous. While the patent variable may be significant, the royalties and license fees 
variable does not appear to effect productivity-differential persistence. For the control variables, 
they tend to have the expected effect. However, it is likely that only two of the six control 
variables, government spending and human capital, have a statistically significant impact on 
productivity-differential persistence. 
 
Qualitative Response Analysis 
 
 In this subsection, we consider a modified mean reversion coefficient (MRC*

i,j) which 
accounts for different types of convergence behavior. The modified mean reversion coefficient is 
defined as  
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 A priori, we anticipate the productivity-differential persistence is affected by market 
structure and technology diffusion when national output data are converging; i.e. when 
0<MRCi,j<1. When MRCi,j≥1, the relationship may experience a change or is no longer defined. 
On the other hand, when MRCi,j≤0, the productivity-differential series may display oscillating 
behavior, which implies alternation of technology leadership between countries. Under such 
circumstances, there may be a change in the nature of the market structure and technology 
diffusion effects. The use of the modified mean reversion coefficient explicitly allows for the 
qualitative changes associated with the regressand.16 

 The qualitative response analysis is used to study the model with MRC*
i,j as the 

regressand. Specifically, the censored-regression model is used and its log likelihood function is 
(Amemiya, 1985)  
 
 

* *
, ,

, ,
( 0) (0 0)

log ( , ) log( [( ' ) / ]) log( [( ' ) / ])
i j i j

i j i j
k MRC k MRC

L F w f wγ σ σ σ
∈ = ∈ < <

= − + −∑ ∑                   (9) 

        
*

,

,
( 1)

lo g (1 [( ' ) / ])
i j

i j
k M R C

F w σ
∈ =

+ − −∑  

 
where the residual term follows a normal distribution N(0,σ2), f[.] and F[.] are the normal density 
and cumulative distribution functions, wi,j contains the relevant explanatory variables, and γ is 
the associated vector of parameters. The use of logit distribution, another commonly used 
specification in qualitative response models, gives very similar estimation results.17 
 The censored-regression results for the three specifications are reported in Table 7. 
Again, for each specification, we first include all the six control variables and then exclude the 
insignificant ones. The results can be summarized as follows. 
First, the proxy for market structure, PCM, has a significant and positive effect on productivity-
differential persistence. The result is similar to the SUR one. The estimates clearly show that the 
measure of competitiveness is highly significant, and competition reduces the persistence of 
productivity differences. 
 Second, the two technology diffusion proxies, PAT_US and FDI_ROY, behave 
differently. On the one hand, the patent variable PAT_US displays a significantly negative effect 
on productivity-differential persistence, an evidence that is consistent with the notion that cross-
country technology diffusion encourages productivity catch-up. On the other hand, the FDI 
variable, FDI_ROY, has a negative but insignificant coefficient. 
 Third, in most cases, the coefficients of the six control variables have the expected sign. 
With the exceptions of GOV and HC, however, these coefficients are not statistically significant. 
The government spending variable, GOV, shows a marginally significant effect in the presence 
of proxies for both market structure and technology diffusion. 
In sum, the market structure and technology diffusion effects are quite robust to variations in 
model specification and estimation method. 
 
 
Concluding Remarks 
 
 We empirically investigate the determinants of cross-country differences in the 
persistence of productivity differentials. Specifically, we focus on the market structure and 
technology diffusion, two factors that have received limited attention in the empirical growth 
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literature. Data from 11 manufacturing industries of 17 OECD countries are examined. Using the 
US as the benchmark, we find significant variations in the convergence behavior across 
industries among these countries. The convergence rate ranges from a very low to a very high 
level. 
 Our empirical analysis reveals a significant market structure effect but a weak technology 
diffusion influence. It is found that the proxy for market imperfection � the price-cost margin � 
has a negative effect on productivity-differential persistence. A monopolistic market structure 
tends to hinder convergence and prolong the presence of a productivity gap. The market structure 
effect is robust across model specifications and estimation methods considered in this study. 
 For the two technology diffusion proxy variables, only the US patent applications 
variable is weakly significant in some specifications. The other proxy variable, the amount of 
royalties and license fees, displays no significant effect on the persistence of productivity 
differentials. Among the six control variables, only government spending and human capital are 
likely to have a significant effect. Specifically, it is found that productivity convergence is 
enhanced by improvement in human capital but deterred by government spending.  
 While the current study presents some significant results, a large proportion of variation 
in cross-country and cross-industry productivity differentials remains unexplained. One puzzling 
finding is the insignificance of the FDI variable. Further research, for example, employing better 
data on technology diffusion and other industry-level factors is warranted to gain further insights 
on the determinants of the persistence of productivity differentials.  
 
 
Footnotes 
 
*   The views contained herein do not necessarily represent those of the International Monetary 

Fund or any other organizations the authors are associated with. 
 
1. Modifications of the basic neoclassical framework, such as the introduction of heterogeneous 

agents, capital markets imperfections, externalities, or non-convexities, may lead to persistent 
differences in national output per capita (Galor, 1996). For example, Galor and Zeira (1993) 
suggest that initial cross-country differences in the distribution of income may result in 
differences in human capital accumulation and persistent inequality. 

 
2. Countries are homogenous in the sense that they share similar preferences, technologies, 

capital stocks (human and physical), population growth, government policies, institutions,..., 
etc. 

 
3. Grossman and Helpman (1991a), however, point out that there are two opposing effects of 

competition on productivity. 
 
4. The relationship between competition and managerial efforts is also investigated by Meyer 

and Vickers (1995).Similarly, competition has a positive impact on workers� efforts if they 
claim a share of market rents (Smirlock and Marshall, 1983). 

 
5. When actual data were not available for K, estimates were provided according to Σj(Ijgj) 

where Ij is the gross fixed capital formation at constant prices and gj represents the amount of 
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capital formation of a given vintage. For further details on the estimates of gj, see Meyer zu 
Schlochtern (1994). 

 
6. The mean reversion coefficient is commonly used to gauge the persistence of a time series. A 

similar measure is employed by, for example, Campa and Wolf (1997) to measure the speed 
of convergence. In the estimation of equation (3), we also allowed for a time trend. As it 
turned out to be statistically insignificant, the time trend was dropped to gain efficiency. 

 
7. Unit root tests are routinely applied to productivity-differential series to infer convergence. 

Given the notoriously low power of unit root tests, it is very difficult for the relatively short 
annual data series under examination to reject the unit root hypothesis. However, the 
consensus and existing literature suggest that manufacturing industries in these OCDE 
countries are converging. Hence, convergence is assumed in the subsequent analysis. As a 
robustness check, we also report the specification that accommodates different convergence 
behavior in Section 5. 

 
8. Differences in national institutional factors such as the minimum wage rules may have 

systematic effects on national PCM variables. Such country-specific effect is controlled for 
in the subsequent analysis. 

 
9. While the PCM is used in the literature as proxy for market structure, it is recognized that it 

may not be an ideal measure of market behavior as described in the theory. The adoption of 
this measure here, nonetheless, allows the current study to be compared with the existing 
ones. 

 
10. The use of actual data on US FDI for these countries gave qualitatively the same results. 
 
11. Again, we recognize that the measurement of technology diffusion is a complicated issue. It 

is conceivable that the PAT_US and FDI_ROY variables adopted here are not ideal proxies. 
Instead of devising sophisticated measures, our exercise uses standard ones to ensure that the 
results are not driven by our own data construction procedure. 

 
12. For some industries in Portugal and Greece, the data are not available. In these cases, the 

R&D intensity variables in the corresponding Spanish industries are used. 
 
13. Campa (1993), for example, uses the ratio of the expenditures on information and advertising 

to sales as a measure of sunk costs for the industries with a relatively small physical 
investment. 

 
14. Country-specific dummy variables are not included as they create the multicollinearity 

problem in the presence of other country-specific RHS variables. Thus, the country-specific 
effect mentioned in endnote 8 is implicitly captured by the country-specific economic 
variables employed in the regressions. 

 
15. Indeed, the use of the data themselves yields qualitatively similar results, which are available 

from the authors. 
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16. For a total of 173 observations, there are 10 cases in which MRCi,j ≤  0 and 7 cases MRCi,j 

≥ 1. 
 
17. Results based on the logit distribution are available from the authors upon request. 
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 Table 1. Manufacturing industries 
ISIC Manufacturing Abbreviation 
31 Food, beverages and FO
32 textiles, apparel and TA
33 Wood products and WO
34 Paper, printing and 

34 Paper and paper PA
34 Printing and PU

35 Chemical CH
36 Non metallic mineral NM
37 Basic metal 

37 Iron and IS
37 Non ferrous NF

38 Fabricated metal FM
39 Other OM  
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 Table 3. Descriptive statistics for MRC(i,j) 

Mea S.D Min Ma
Industry: 

CH 0.604 0.268 0.218 1.256
FM 0.554 0.360 - 0.936
FO 0.725 0.332 - 1.006
IS 0.477 0.258 - 0.783
NF 0.345 0.52 - 0.905
NM 0.621 0.303 - 1.064
OM 0.542 0.181 0.241 0.824
PA 0.686 0.227 0.257 1.021
PU 0.427 0.379 - 0.901
TA 0.831 0.283 0.102 1.279
WO 0.569 0.191 0.1 0.853

Country: 
Australi
Austri 0.625 0.294 0.202 1.279
Belgiu 0.631 0.325 - 0.925
Canad 0.519 0.506 - 0.9
Denmar 0.603 0.286 0.005 0.932
Finlan 0.686 0.165 0.397 0.904
Franc 0.502 0.278 0.03 1.006
German 0.654 0.27 0.055 0.885
Greec 0.539 0.549 - 1.021
Ital 0.481 0.325 - 1.052
Japa 0.686 0.20 0.267 0.959
Netherlan 0.684 0.176 0.365 1.015
Norwa 0.610 0.392 - 1.064
Portug 0.425 0.318 - 0.996
Swede 0.480 0.410 - 1.256
U 0.615 0.248 0.179 0.929
US 0.559 0.419 - 0.997
Note: Descriptive statistics for the mean reversion  



         Cheung and Garcia Pascual, International Journal of Applied Economics, 1(1), September 2004, 1-23 

 

21 

 Table 4. Descriptive statistics for PCM(i,j) 

Mea S.D Min Ma
Industry: 

CH 0.150 0.04 0.095 0.246
FM 0.131 0.045 0.068 0.213
FO 0.104 0.032 0.045 0.169
IS 0.09 0.061 - 0.282
NF 0.102 0.060 - 0.205
NM 0.15 0.04 0.077 0.241
OM 0.132 0.176 - 0.383
PA 0.133 0.046 0.07 0.270
PU 0.127 0.045 0.068 0.2
TA 0.107 0.034 0.075 0.211
WO 0.126 0.043 0.063 0.244

Country: 
Australi 0.147 0.027 0.101 0.187
Austri 0.113 0.037 0.058 0.182
Belgiu 0.085 0.06 - 0.212
Canad 0.112 0.030 0.071 0.168
Denmar 0.104 0.046 0.032 0.210
Finlan 0.129 0.038 0.05 0.193
Franc 0.13 0.035 0.08 0.202
German 0.131 0.044 0.081 0.207
Greec 0.21 0.072 0.120 0.383
Ital 0.152 0.023 0.119 0.203
Japa 0.161 0.044 0.086 0.22
Netherlan 0.116 0.030 0.068 0.169
Norwa 0.097 0.022 0.061 0.134
Portug 0.185 0.063 0.10 0.282
Swede 0.039 0.174 - 0.147
U 0.075 0.030 0.027 0.117
US 0.113 0.030 0.074 0.161

Note: Descriptive statistics for the price  
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 Table 5. Estimates and cross-country descriptive statistics 

PAT_US FDI_ROY
Australi 0.3 0.02
Austri 0.32 0.02
Belgiu 0.35 0.03
Canad 0.50 0.02
Denmar 0.39 0.02
Finlan 0.33 0.05
Franc 0.27 0.08
German 0.21 0.06
Greec 0.41 0.03
Ital 0.28 0.07
Japa 0.05 0.11
Netherlan 0.34 0.0
Norwa 0.38 0.03
Portug 0.43 0.06
Swede 0.32 0.1
U 0.25 0.04
Cross-

Mea 0.32 0.05
Min 0.05 0.02
Ma 0.50 0.1
S.D 0.22 0.0

Note: Estimates and cross-country descriptive 
reported for "country level patent applications" 
and "royalties and licences"  
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 Table 6. SUR 
(S1) (S1') (S2) (S2') (S3) (S3') 

PCM(I,j) 0.3873 0.3831 0.4149 0.4141 
(0.0017) (0.0012) (0.0008) (0.0005) 

PAT_US(j) -0.1365 -0.1278 -0.1791 -0.145 
(0.1785) (0.105) (0.0711) (0.0576) 

FDI_ROY(j) -0.0228 -0.0194 -0.0347 -0.0281 
(0.6611) (0.7036) (0.4903) (0.5684) 

GOV(j) 0.1767 0.187 0.1951 0.1458 0.3655 0.3241 
(0.1873) (0.1316) (0.2397) (0.3085) (0.0306) (0.0283) 

HC(j) -0.121 -0.1341 -0.0461 -0.0885 -0.075 
(0.1128) (0.0512) (0.5612) (0.2561) (0.1826) 

R&D(i,j) 0.0123 -0.0218 -0.0132 
(0.7126) (0.5574) (0.7132) 

DIST(j) 0.0487 0.0555 0.0091 0.008 
(0.3931) (0.3089) (0.8869) (0.8956) 

OPEN(i,j) -0.0026 -0.0037 0.0162 
(0.9259) (0.9051) (0.5913) 

SUNK(i,j) -0.0042 0.0806 0.0761 0.0361 
(0.9519) (0.277) (0.2947) (0.6199) 

Log likelihood 0.2138 0.2131 0.1766 0.1736 0.2288 0.2261 
L.R. 0.1276 0.1434 0.0803 0.1004 0.1331 0.1521 
Note: SUR estimates of eq. 5-7 (S1, S3 and S3, respectively) with MRC as the LHS 
variable. Columns  S1', S2 and S3' exclude the control variables with p-values above 
50 percent (p-values are provided in parenthesis under the coefficient estimates). 

Table 7. Qualitative response 
(S1) (S1') (S2) (S2') (S3) (S3') 

PCM(I,j) 0.2435 0.2021 0.2929 0.299 
(0.0388) (0.0399) (0.0141) (0.0098) 

PAT_US(j) -0.1473 -0.1319 -0.2007 -0.1749 
(0.1176) (0.0622) (0.0352) (0.0292) 

FDI_ROY(j) -0.0169 -0.0147 -0.0294 -0.0256 
(0.7169) (0.7474) (0.5241) (0.5725) 

GOV(j) 0.0824 0.1731 0.1082 0.1365 0.2541 
(0.5051) (0.246) (0.2873) (0.0649) (0.0595) 

HC(j) -0.0792 -0.0563 -0.015 -0.042 -0.0474 
(0.2542) (0.2556) (0.8337) (0.4543) (0.354) 

R&D(i,j) 0.0151 -0.0159 -0.013 
(0.622) (0.6326) (0.6911) 

DIST(j) 0.0332 -0.0105 -0.013 
(0.5236) (0.8539) (0.8155) 

OPEN(i,j) -0.0019 -0.0059 0.0337 0.0333 
(0.9687) (0.8861) (0.4401) (0.4312) 

SUNK(i,j) -0.0188 0.0574 0.0504 0.0166 
(0.8662) (0.3877) (0.4362) (0.8058) 

Log likelihood -37.362 -38.0085 -38.0161 -38.2267 -35.0101 -35.141 
L.R. 37.418 36.126 36.111 35.084 42.123 41.861 

(0.0029) (0.0005) (0.0068) (0.0019) (0.0017) (0.0002) 
Note: Estimates for the censored regression model with MRC*(i,j) (see eq. 8) as the 
LHS variable. See note to Table 6 for further details  


