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ABSTRACT 
 
This paper investigates the effects of international R&D spillovers and compares them with the effects of 
domestic R&D on productivity changes. These changes are separated into two components: technical change 
and efficiency change. We employ a stochastic frontier production model with time-varying efficiency on 
manufacturing industry data for 14 OECD countries from 1982-1990. The empirical results indicate that 
domestic R&D and international R&D spillovers affect technical change and efficiency change in different ways. 
Domestic R&D contributes to improvements in technology for non-metallic mineral products and fabricated 
metal products, and to efficiency change for chemical products and basic metal industries. International R&D 
spillovers based on trade have no statistically significant effect on productivity change, technical change and 
change of efficiency in panel data analysis.  
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1. Introduction 
 

Recent economic theories consider research and development (R&D) investment and its spillovers as important 
factors for technological change and economic growth. If such spillovers between nations or industries exist and 
they are sufficiently large, diminishing marginal returns on research may be postponed and economic growth can 
be sustained.  

It has long been clear that significant R&D spillovers between firms and industries occur within a nation 
(Griliches[8]; Nadiri[11]). Recently Coe and Helpman[3] emphasized technology spillovers related to imports of 
intermediate goods through various channels. They postulate that productivity depends not only on domestic but 
also on foreign R&D capital stocks. Since the classic analysis of international R&D spillovers by Coe and 
Helpman[3], a number of empirical studies have investigated the relationship between foreign R&D capital stock 
and productivity or economic growth. These studies have reported estimates of the elasticity of productivity on 
foreign R&D capital stock, which are positive and statistically significant (Park[12]; Coe et al.[4]; 
Verspagen[14]). A standard assumption in these studies is that foreign R&D capital stock shifts the average 
production or cost function. However, theoretical considerations suggest that foreign R&D capital stock may 
affect technical efficiency (catch-up) or technical change (innovation). This argument implies that such effects of 
international R&D spillovers should be estimated with decomposed indexes for more detailed investigation. 

In this paper, we specify a translog stochastic production frontier and estimate the effects of international 
R&D spillovers on productivity change using the panel data on 14 OECD countries. We can get information 
about the relationships between foreign R&D capital stock and efficiency change and technical change as well as 
change of total factor productivity (TFP) using the frontier approach. Our study differs from other previous 



  

works because we use the stochastic frontier approach with time-varying efficiency following Battesse and 
Coelli[2] to investigate the effects of international R&D spillovers.  

This paper is organized in the following way. Theoretical backgrounds for international R&D spillovers are 
presented in Section 2. The next section specifies a stochastic frontier model with time-varying efficiency to 
measure technical efficiency. Models for estimating the effects of domestic R&D investment and international 
R&D spillovers are in Section 4. The fifth section presents a data description and the results from estimating the 
effects of international R&D spillovers on productivity, i.e. total factor productivity, efficiency change and 
technical change. Section 6 concludes the paper. 
 
 
 

2. International R&D Spillovers, Catch-up and Innovations in Economic Growth 
 
Recent developments in the theory of economic growth and productivity analysis have identified a number of 
facets in productivity change: the utilization of resources, the rate of population growth, the saving rate, and 
technological knowledge and its spillovers. In this view technology and its spillovers have been theoretically and 
empirically important issues in economic growth (Griliches[8]; Nadiri[11]). This technology is a result of the 
cumulative R&D experience in an industry or a country. Also the importance of knowledge spillovers through 
international trade has long been recognized (Coe and Helpman[3]). In a world with international trade in goods 
and services, a country’s productivity depends on the efforts of its trade partners as well as on domestic R&D 
capital stock. 

Previous empirical studies in international R&D spillovers attempted to estimate the difference between 
private and social rates of return of R&D investment on economic growth. They concluded that social rate of 
returns from R&D investment were significantly higher than the private rate of returns (Griliches[8]; Nadiri[11]). 
Also a number of different econometric approaches have been used in these studies on international R&D 
spillovers: co-integrating regressions (Coe and Helpman[3]; Engelbrecht[6]; Frantzen[7]), panel data analysis 
(Park[12]; Verspagen[14]), and weighted least squares (Coe et al.[4]). Many of these studies used Törnqvist total 
factor productivity as a measure of productivity, which assumes that producers successfully produce output in an 
efficient manner. Other studies used the average production function although they used the output level not the 
total factor productivity as a dependent variable. However it is possible that producers might operate inefficiently 
in practice. Thus if the Törnqvist total factor productivity or the output level is used in empirical works without 
considering the concept of frontier, it will not give accurate results of R&D investment and its spillovers on 
economic growth.  

Moreover, we can provide evidence showing how well neoclassical models perform at explaining differences 
in the growth rate using frontier analysis. In the traditional neoclassical model, many empirical studies are 
devoted to explaining the convergence, the closing of the gap, between rich and poor economies. It means that 
poor countries tend to grow faster than rich countries and countries with low-efficiency are getting close to the 
production frontier over time. This phenomenon can be explained by using efficiency change, which is one of the 
measurements obtained from frontier analysis. Through the international spillovers of knowledge and R&D 
capital stock, low-productivity countries catch up to the countries with higher productivity. Thus a hypothesis can 
be made that there is a strong relationship between efficiency change and international R&D spillovers in 
low-income countries. On the other hand, high-income countries may have a relatively strong relationship 
between domestic R&D capital stock and innovation (technical change) and a weak relationship between 
catch-up (efficiency change) and R&D spillovers.  

Thus, using the frontier approach, we can get detailed relationships between international R&D spillovers, 
catch-up and innovation. There are two representative frontier production models: non-parametric data 
envelopment analysis; and, parametric stochastic frontier analysis. In our study, we use a stochastic frontier 
model that allows errors representing random factors. 
 
 
 



  

3. Stochastic Frontier Production Function to Measure Efficiency 
 
Consider the following production relationship:  
 

itititit tLKfY ε+= ),,(               (1) 
 
where itY is a single output, itK  and itL  are inputs, capital stock and labor. This relationship represents a 
theoretical frontier: the maximum output, which may be produced using given amounts of inputs. Each country or 
firm may not operate on the production frontier in practice. This inefficiency will cause the country or firm to 
operate below the frontier, while random factors may move a country or firm off the frontier in either direction. 
These relationships were simultaneously modeled by Aigner, Lovell and Schmidt[1] and Meeusen and Van den 
Broeck[10]. They proposed a stochastic production frontier for cross-sectional data. Schmidt and Sickles[13] 
extended this model to cover panel data assuming time-invariant inefficiency. 

However, the assumption of time-invariant inefficiency is unrealistic in case of a relatively long time period. 
This paper uses the method developed by Battesse and Coelli[2], which considers time-varying inefficiency, to 
estimate a stochastic frontier production function and derive country-specific measures of technical efficiency. 
This paper assumes a translog production function to express the general relationship of a stochastic frontier 
production:   
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where ititit uv −=ε  and itit u−= 0βα . The error component itv  is unrestricted, representing random factors 

as luck, weather conditions, or machine performance, and itu  is a non-negative variable, which captures the 
inefficiency of production. We can specify the time-varying inefficiency using Equation (3):  
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where η  is a single unknown parameter (Battesse and Coelli[2]). We also assume that iu  is distributed as 

truncated normal, ),0( 2
vN σ . Technical efficiency varies over time in this specification, and the temporal pattern 

is assumed to be the same for all countries. The parameters in Equation (2) are estimated by the maximum 
likelihood method. The levels of technical efficiency ( itTE ) of countries relative to the production frontier is 
defined as : 
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where iY is the actual production of the i-th country which is equal to potential production, *

iY , when the 
country is efficient. In the case of production function, TE will take a value between zero and one.  
 
 
 

4. Estimation of the Effects of Domestic R&D Investment and International R&D Spillovers 
on Productivity Changes 

 
Further information on productivity change can be obtained by examining the relationship between productivity 
change, and domestic and international R&D capital stocks. An econometric model is specified to estimate the 
relationship between technical change and domestic (R) and international (S) R&D capital stocks:  
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where TC is technical change which is obtained by using the time derivative of the log production function: 
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We also use the following two models to estimate the effects of domestic and foreign R&D stocks on efficiency 
change in Equation (7), and on productivity change in Equation (8):  
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where EC  is change of efficiency, which is obtained from the previous section, and PFT & is change of total 
factor productivity.  
 
 
 

5. Data Description and Results 
 
We estimate levels of efficiency and effects of R&D investment from data which consists of annual observations 
on manufacturing industries for 14 OECD countries for the period 1982-1990. The eight manufacturing 
industries which belong to total manufacturing are examined in this study (see Appendix 1). The data set used in 
this paper is primarily taken from two databases, STAN and ANBERD in OECD publications. We also use two 
additional Korean databases, KOSIS and Science and Technology Annual, to supplement the data set because 
R&D expenditure for Korea and import data for all countries are not included in STAN and ANBERD.1  

In order to measure levels of efficiency, we need output and input variables. Output used is value-added and 
the measures of corresponding inputs are labor and capital stock. Labor is the number of workers. Capital stock 
was calculated from gross fixed capital formation using the perpetual inventory method with a depreciation rate 
of 15 percent as in Verspagen[14]. R&D stock was obtained from R&D expenditures from ANBERD and a 
depreciation rate of 15% was used as in capital stock. We adjusted all variables by the purchasing power parity, 
which provides a valid data set for our international-level study. To measure international R&D stock, we used 
the measure proposed by Lichtenberg and Van P. Potterie[9], which is less sensitive to the level of data 
aggregation. Their measure of foreign R&D stock through trade in country j at time t ( itS ) is : 
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where ity  is country j’s GDP and ijtm is the total import of country i from country j at time t. And jtR denotes 
domestic R&D capital stock of country j at time t in the industry. 

A stochastic frontier production function with time-varying efficiency in Equation (2) is estimated using 
FRONTIER 4.1 (Coelli[5]). The estimated parameters of the production function are presented in Appendix 1 for 
manufacturing industries. Table 1 presents the information about how countries approach their potential output in 
total manufacturing. When we look at each country individually, the US ranked highest among the 14 countries 
(0.982), and Canada and France are in the second and third in technical efficiency. Denmark ranked the lowest 
(with 0.570) and Korea is in the third lowest position (0.641), implying that there is much room for productivity 
improvement through change of efficiency in the case of low efficiency countries. 
 
 

Table 1  Average of technical efficiency in total manufacturing (1982-1990) 

                                                           
1 KOSIS (Korea statistical information system) was published by the National Statistical Office and Science and Technology 
Annual by the Ministry of Science and Technology. 



  

 
  Technical efficiency (averages) 
   

Australia  0.785 
Canada  0.982 

Denmark  0.570 
Finland  0.702 
France  0.947 

Germany  0.762 
Italy  0.876 
Japan  0.711 
Korea  0.641 

Netherlands  0.910 
Norway  0.607 
Sweden   0.696 

UK  0.664 
US  0.982 

   

 
 

Our next concern is to examine the effects of domestic and foreign R&D on TFP change and its components 
– technical change and efficiency change. Previous studies employed the Törnqvist productivity index without 
considering the existence of inefficiency. To take account of technical inefficiency, we employed the stochastic 
frontier model and obtained the estimates of these R&D effects using panel data analysis. Table 2 shows that for 
total manufacturing, the elasticity of TFP with respect to domestic R&D is statistically significant (0.181). Also, 
we got statistically significant effects of domestic R&D on technical change and efficiency change (0.174 and 
0.008). Domestic R&D mainly contributed to technical change, not efficiency change, in total manufacturing. For 
non-metallic mineral products and fabricated metal products, the results are similar to those of total 
manufacturing. On the other hand, the efficiency change rather than technical change is affected by domestic 
R&D for basic metal industries. However, the international R&D spillovers based on trade have no statistically 
significant effect on productivity change, technical change and change of efficiency.  
 
 

Table 2  Estimates of domestic and foreign R&D effects on productivity changes 
 

  TFP 
change 

Technical 
change 

Efficiency 
change 

Total manufacturing Domestic R&D 0.181 (2.574) 0.174 (2.465) 0.008 (4.053) 
 Foreign R&D 0.002 (0.062) 0.002 (0.085) -0.001 (-0.843) 
Food, beverage & tabacco  Domestic R&D 0.038 (1.066) 0.036 (0.993) 0.003 (2.064) 
 Foreign R&D -0.028 (-1.476) -0.026 (-1.387) -0.002 (-2.516) 
Textiles, apparel & leather Domestic R&D -0.037 (-1.778) -0.039 (-1.881) 0.002 (1.928) 
 Foreign R&D 0.007 (0.282) 0.007 (0.282) 0.000 (0.043) 
Wood products & furniture Domestic R&D 0.054 (1.853) 0.051 (1.782) 0.003 (1.439) 
 Foreign R&D -0.016 (-0.475) -0.013 (-0.399) -0.003 (-1.331) 
Paper, paper products  Domestic R&D -0.044 (-1.206) -0.045 (-1.229) 0.001 (1.148) 
& printing Foreign R&D -0.053 (-1.846) -0.054 (-1.871) 0.001 (1.299) 
Chemical products Domestic R&D 0.099 (0.900) 0.091 (0.825) 0.008 (3.300) 
 Foreign R&D -0.007 (-0.219) -0.006 (-0.193) -0.001 (-1.123) 
Non-metallic mineral products Domestic R&D 0.065 (2.141) 0.064 (2.109) 0.001 (1.351) 
 Foreign R&D -0.015 (-0.813) -0.015 (-0.835) 0.000 (0.780) 
Basic metal industries Domestic R&D 0.099 (2.788) 0.035 (1.047) 0.065 (3.624) 
 Foreign R&D -0.032 (-1.614) 0.000 (0.012) -0.032 (-3.240) 
Fabricated metal products Domestic R&D 0.106 (3.128) 0.104 (3.089) 0.002 (1.410) 
 Foreign R&D -0.007 (-0.412) -0.006 (-0.355) -0.001 (-1.533) 

Note: T-values are in parentheses. 
 
 

We turn our attention to the investigation of individual countries for international R&D spillovers. Table 3 
displays the selected estimates of foreign R&D effects on TFP change, technical change and efficiency change. 



  

There are positive and statistically significant effects of foreign R&D on TFP change and technical change for 
France in textiles, apparel & leather and on technical change for Finland in basic metal industries. Also, for 
France and Japan, effects of foreign R&D on efficiency change are statistically significant but small in paper, 
paper products & printing. Some countries experienced negative effects of foreign R&D in specific 
manufacturing industries. Table 4 also shows that foreign R&D positively affects the efficiency change although 
the results differ according to industries. The effects of foreign R&D are positively stronger in low-tech 
industries (textile, apparel & leather and paper, paper products & furniture) than in high-tech industries (chemical 
products and fabricated metal products). 
 
 

Table 3  Selected estimates of foreign R&D effects on productivity changes (individual country) 
 

  TFP 
Change 

Technical 
change 

Efficiency 
Change 

Textiles, apparel Australia -0.056 (-1.257) -0.053 (-1.222) -0.003 (-1.737) 
& leather Canada  0.204 (1.880) 0.197 (1.827) 0.007 (3.042) 

 Denmark 0.051 (0.474) 0.049 (0.453) 0.002 (0.428) 
 Finland 0.102 (1.142) 0.110 (1.275) -0.008 (-1.264) 
 France 0.237 (2.235) 0.233 (2.187) 0.004 (1.943) 
 Germany -0.046 (-0.665) -0.045 (-0.640) -0.002 (-0.694) 
 Italy -0.233 (-1.833) -0.231 (-1.797) -0.002 (-0.880) 
 Japan -0.064 (-1.313) -0.073 (-1.571) 0.008 (0.930) 
 Korea -0.055 (-0.388) -0.050 (-0.355) -0.005 (-0.964) 
 Netherlands -0.104 (-0.670) -0.108 (-0.688) 0.003 (0.780) 
 Norway 0.009 (0.229) 0.008 (0.215) 0.001 (0.343) 
 Sweden 0.152 (1.543) 0.155 (1.533) -0.003 (-0.618) 
 UK 0.152 (1.355) 0.154 (1.376) -0.002 (-0.452) 
 US -0.068 (-0.571) -0.070 (-0.586) 0.001 (0.360) 

 
  TFP 

Change 
Technical 

change 
Efficiency 

Change 
Chemical Australia -0.132 (-2.099) -0.129 (-2.090) -0.002 (-0.884) 
Products Canada  0.133 (1.095) 0.129 (1.073) 0.004 (1.471) 

 Denmark -0.083 (-0.530) -0.082 (-0.537) -0.001 (-0.103) 
 Finland 0.204 (1.379) 0.201 (1.348) 0.003 (0.798) 
 France 0.052 (0.434) 0.053 (0.447) -0.001 (-0.226) 
 Germany 0.217 (0.843) 0.218 (0.838) -0.001 (-0.157) 
 Italy -0.155 (-0.865) -0.151 (-0.834) -0.004 (-1.015) 
 Japan -0.037 (-0.523) -0.034 (-0.471) -0.003 (-1.356) 
 Korea -0.020 (-0.113) -0.020 (-0.110) -0.001 (-0.419) 
 Netherlands -0.325 (-2.471) -0.325 (-2.487) 0.000 (0.039) 
 Norway -0.069 (-5.243) -0.067 (-5.245) -0.001 (-4.282) 
 Sweden 0.101 (0.543) 0.097 (0.526) 0.004 (0.698) 
 UK 0.266 (1.742) 0.261 (1.671) 0.005 (1.112) 
 US -0.232 (-1.434) -0.237 (-1.470) 0.005 (1.338) 

Note: T-values are in parentheses. 
 
 



  

 
6. Conclusion 

 
In examining the relationship between productivity change, domestic R&D and international spillovers, most of 
the previous studies used the Törnqvist productivity index as a measure of total factor productivity. The 
Törnqvist index implicitly assumes that all firms are technically efficient. If this assumption does not hold, the 
resulting domestic and foreign R&D effects on productivity will be confounded by the effect of technical 
inefficiency.  
   In this paper, we employed a stochastic frontier approach with the time-varying efficiency as an alternative in 
studying the impact of R&D and spillovers on productivity. With the data on 14 OECD countries for 
manufacturing sectors over the period of 1982–1990, we found significant effects of R&D on total factor 
productivity for some manufacturing industries. The total factor productivity from the stochastic frontier 
approach can be decomposed into technical change and efficiency change. We also estimated the effects of 
domestic and foreign R&D on these two components, and the results provide strong evidence that domestic R&D, 
not foreign R&D, contributed to the technical change rather than the improvements in technical efficiency for 
some manufacturing industries. When we look at the individual countries, foreign R&D significantly contributed 
to TFP change, change of technology and efficiency change in some countries. According to our empirical results, 
the positive effects of foreign R&D are country- or industry-specific − not a widespread phenomenon over all 
countries and industries. Further research should try more detailed data sets with firm level data and more 
accurately calculated domestic and foreign R&D stocks.  
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Appendix 1  Estimates of stochastic frontier production function (fixed effect model) 
 

  α  Lβ  Kβ  Tβ  LKβ  LTβ  KTβ  LLβ  KKβ  TTβ  
            

Total manufacturing   10.285 4.065 -3.597 0.262 -1.511 0.078 -0.073 0.834 0.724 -0.002 
  (3.225) (4.039) (-3.004) (2.295) (-3.954) (2.362) (-2.141) (4.207) (3.764) (-1.182)
            

Food, beverage & tabacco  5.129 2.744 -1.560 0.205 0.556 -0.051 0.019 -0.534 -0.107 0.000 
 (0.860) (0.744) (-0.411) (0.707) (0.542) (-0.626) (0.214) (-1.139) (-0.192) (-0.078)

Textiles, apparel & leather  4.589 2.604 -1.667 0.189 -0.580 0.029 -0.033 0.251 0.324 -0.003 
 (9.253) (11.130) (-6.995) (7.482) (-5.679) (2.914) (-3.297) (4.512) (6.219) -(4.769)

Wood products & furniture  2.745 -0.623 1.176 -0.123 0.891 -0.094 0.093 -0.473 -0.393 -0.007 
 (4.207) (-1.607) (2.787) (-2.862) (5.360) (-5.860) (5.889) (-5.224) (-4.672) (-5.788)

Paper, paper products & printing  2.238 -0.067 0.910 -0.025 0.823 -0.102 0.085 -0.504 -0.333 -0.009 
 (2.136) (-0.096) (1.485) (-0.359) (3.434) (-3.715) (3.195) (-4.068) (-2.829) (-6.093)

Chemical products  4.506 0.444 0.178 0.006 -0.147 -0.025 0.029 0.185 0.029 -0.007 
 (2.960) (0.488) (0.241) (0.119) (-0.852) (-1.918) (2.233) (2.085) (0.319) (-7.058)

Non-metallic mineral products  6.251 1.499 -1.124 0.062 0.185 -0.051 0.035 -0.204 0.021 -0.005 
 (4.824) (1.477) (-1.281) (0.875) (0.589) (-2.045) (1.457) (-1.286) (0.141) (-3.343)

Basic metal industries  1.521 -0.010 0.992 -0.100 0.205 -0.035 0.040 -0.089 -0.108 -0.004 
  (1.889) -(0.021) (2.242) (-2.276) (1.103) (-1.980) (2.697) (-0.757) (-1.356) (-1.729)

Fabricated metal products  9.782 2.866 -2.762 0.288 -1.219 0.073 -0.074 0.699 0.591 0.000 
  (6.260) (4.749) -(4.457) (4.140) (-3.436) (2.425) (-2.671) (3.283) (3.793) (-0.134)
            

Note: T-values are in parentheses



  

 


	----------------------------
	[== Main Menu ==]
	----------------------------
	Table of Content
	Go back one step
	Go to previous document
	----------------------------
	Find in this document
	Search (Keywords)
	Search Results
	Print
	----------------------------
	See Thumbnails

	ft_numpage: 
	0: INFORMS & KORMS  -  569  - Seoul 2000 (Korea)
	1: INFORMS & KORMS  -  570  - Seoul 2000 (Korea)
	2: INFORMS & KORMS  -  571  - Seoul 2000 (Korea)
	3: INFORMS & KORMS  -  572  - Seoul 2000 (Korea)
	4: INFORMS & KORMS  -  573  - Seoul 2000 (Korea)
	5: INFORMS & KORMS  -  574  - Seoul 2000 (Korea)
	6: INFORMS & KORMS  -  575  - Seoul 2000 (Korea)
	7: INFORMS & KORMS  -  576  - Seoul 2000 (Korea)
	8: INFORMS & KORMS  -  577  - Seoul 2000 (Korea)



