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ABSTRACT 

Using a newly constructed panel dataset and up-to-date econometric approaches, this paper 

shows that consideration of the role of direct knowledge spillovers through telecommunications 

networks is crucial in empirical studies of international R&D spillovers. The paper uses data on 

line penetration rates as well as international patent citations to estimate the direct spillover 

effect. The robust indirect effect through intermediate goods imports asserted by previous 

studies proves fragile when the estimation controls for the direct effect. Instead, the direct effect 

is robust and significant. Estimation results also show that the direct effect has increased with 

widespread use of the Internet. 
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1. Introduction  

Endogenous growth theory, as represented by Grossman and Helpman (1991) for example, 

claims that economically motivated research and development (R&D) activities are the 

fundamental source of sustained economic growth and that such sustained growth is possible 

because of the diffusion of knowledge from the R&D. Such knowledge can diffuse beyond 

national boundaries, which explains the convergence of income per capita across countries. 

Empirical research on R&D spillovers across countries, motivated by endogenous growth theory, 

was first attempted by Coe and Helpman (1995) (henceforth CH). CH developed an estimating 

equation on the premise that international trade in intermediate goods is the main channel for 

international knowledge spillovers. They used panel data from 22 countries from 1971 to 1990 

to estimate the magnitude of international R&D spillovers through trade flows between these 

countries. They used this dataset to formulate a measure of foreign R&D capital stocks. The 

measure of foreign R&D capital stocks embodied in a country’s intermediate goods imports is 

computed using a weighted sum of the domestic R&D capital stocks of the country’s trading 

partners, with weights determined according to their bilateral import shares. CH show that the 

results of R&D investment have significant spillovers through trade flows. CH’s findings were 

robust and initially interpreted as providing reasonable supporting evidence for the substantial 
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presence of international R&D spillovers via import flows.  

CH’s research has been developed by some and criticized by others. Lichtenberg and van 

Pottelsberghe (1998) (henceforth LP) pointed out that CH’s measure of foreign R&D capital 

stocks is subject to potential aggregation biases. That is, a country’s foreign R&D stock 

increases considerably when its trading partners are hypothetically merged, even though their 

domestic R&D stocks and the trade flows between them remain unchanged. LP propose an 

alternative formulation that corrects this potential bias. Despite this change, LP’s estimation 

results also confirm the robust effect of international knowledge spillovers though intermediate 

goods trade. In contrast, Keller (1998), while demonstrating that the explanatory power of a 

foreign R&D capital measure constructed by using randomly generated weights is also 

significant, expressed doubts about CH’s result that spillover effects across countries depend on 

import patterns. CH, however, refuted the argument of Keller (1998) in Coe and Hoffmeister 

(1999). On the other hand, Kao, Chiang and Chen (1999), influenced by the recently developed 

econometric methods for macro panel data, have raised questions about the estimation strategies 

of CH. They applied fully modified OLS (FMOLS) estimation and dynamic OLS (DOLS) 

estimation suggested by Kao and Chiang (2000) to the model of CH and compared the results 

with CH’s results from conventional OLS estimation. They demonstrate that CH’s results about 

the effects of foreign R&D stocks are not robust as the DOLS estimation results in insignificant 
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estimated coefficients. In addition, Müller and Nettekoven (1999) criticized CH’s dependence 

on the fixed-effects model and showed that using the random-effects model produced different 

results. While these criticisms are limited to CH’s model and data, van Pottelsberghe and 

Lichtenberg (2001) take into account inward and outward foreign direct investments as 

additional channels of international knowledge spillovers. Edmond (2001), claiming that the 

spillover effect through imports is unclear, takes into account spillovers through exports rather 

than imports. 

This paper builds on previous developments and criticisms of CH and focuses on an 

important knowledge spillover channel that has been unduly overlooked by previous empirical 

studies on international R&D spillovers. Most empirical studies on international R&D spillovers 

consider transactions of goods or investments as major channels of international knowledge 

spillovers. In those studies, results from R&D in a country diffuse beyond national borders only 

indirectly through the flows of goods or investments that embody the R&D results. However, 

results from R&D are essentially intangible knowledge or information, which circulates directly 

with no need for exchange of goods or investments that embody knowledge or information. An 

estimation model that fails to control for such direct or disembodied spillover effects could lead 

to misleading results caused by the misspecification of the model due to missing an important 

explanatory variable.  
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Based on newly constructed panel data from 17 countries for the period 1971–2000, this 

paper examines the effect of indirect and direct knowledge spillovers in the context of the model 

proposed by CH. The paper focuses in particular on the impact of direct knowledge spillovers 

across countries, with the emphasis on the role of telecommunications infrastructure as a 

medium for knowledge diffusion across countries. 

Measuring such direct effect, however, is by no means straightforward due to its intangible 

nature, and constructing an appropriate measure that could be used to approximate such effect 

should be the first step. In some micro-level studies1, such disembodied direct knowledge 

spillovers are often approximated using the measure of technology proximity suggested by Jaffe 

(1986, 1988). Exceptionally, Guellec and van Pottelsberghe (2001) use this proximity measure 

to estimate the disembodied international spillovers, but their analyses have only limited 

implications, as they do not consider any indirect channels of international R&D spillovers in 

the estimation. In fact, their main concern lies in the comparison of effects of domestic R&D 

activities supported by the various funding sources, not in the effects of international R&D 

spillovers.  

                                                 
1 Following Jaffe (1986), Harhoff (2000), Branstteter (2001), Capron and Cincera (2001) and 

many others adopt this proxy measure in estimating direct spillover effects across firms or 

industries. 
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The more extensive technological exchange is expected to occur between two countries as 

they become more technologically proximate. In this sense, Jaffe’s technology proximity 

measure provides a quite good means of capturing the extent to which knowledge diffuses 

directly between countries. Using this measure intact, however, needs some caveats as follows. 

First, there is a caveat due to the symmetry in the formulation of the measure. That is, if only 

two countries are considered, direct spillovers between these two countries are of the same 

magnitude when they have the same domestic R&D stocks. To be more realistic, the direction of 

knowledge flows should be considered. International patent citation data can be used to 

approximate such direction of knowledge flows across countries. Secondly, Jaffe’s measure 

cannot reflect the importance of telecommunications infrastructure as a medium of knowledge 

dissemination across countries. Intangible knowledge or information diffuses across countries 

substantially through, for example, the telephone, fax, e-mail, and the Internet. This aspect of 

direct knowledge spillovers should be taken into account to construct a better measure. 

In this paper, the telecommunications infrastructure is specifically taken into account as the 

important medium of the direct knowledge spillovers across countries while other mediums of 
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the direct spillovers are considered only tacitly2. Two types of measures will be designed to 

investigate the effect of international direct knowledge spillovers in the context of CH’s model. 

A measure will be constructed using data on technology proximity, patent citations and rates of 

phone line penetration. This measure may be thought of as reflecting various mediums of direct 

knowledge spillovers with a specific emphasis on telecommunications infrastructure. The other 

simpler measure uses only data on line penetration rates; this measure will be used to investigate 

the direct knowledge spillovers through the medium of telecommunications infrastructure 

without considering other mediums.  

Using these newly designed measures, the implications of the consideration of direct 

knowledge spillovers across countries will be examined. As telecommunications infrastructures 

of industrialized countries continue to expand with the rapid growth of the Internet, this research 

is particularly relevant and current, given that more people in a wider range of areas are being 

connected to communicate with each other through enhanced telecommunications infrastructure.  

                                                 
2 Academic journals, technical conferences, industrial spying and so on could also be such 

mediums of direct knowledge spillovers. We do not take these aspects strictly into account due 

to the limitation of data availability, but technology proximity and patent citation flows can be 

regarded as reflecting the magnitude and the direction of knowledge flows through such 

mediums. 
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2. Data and Variables 

2-1. Foreign R&D capital that spills over indirectly through trade flows 

CH derived their estimating equation on the premise that the results of R&D investment diffuse 

across national borders through international trade in intermediate goods. A measure of a 

country’s foreign R&D capital that spills over through such an indirect channel was constructed 

by using the import-share-weighted average of domestic R&D capital stocks of its trading 

partners. CH, however, use data on the whole goods trade, rather than on the intermediate goods 

trade, due to limited data availability. In addition, as LP pointed out, CH’s formulation of 

foreign R&D capital stock is subject to potential aggregation biases. We will use the alternative 

measure proposed by LP, which is denoted by fi
jS  and is given as follows. 
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The term ,
fi

i tS  is the estimate of foreign R&D capital stock of country i accumulated at the end 

of year t. The term ,
d
j tS  and ,j tV  are the estimates of domestic R&D capital stock and total 

value added in the manufacturing sector of country j in year t, respectively. Further, the term 

,ij tm  is the total flow of intermediate goods imports from country j to country i in year t. Data 

on the intermediate goods trade are extracted from the data compiled by Nicita and Olarreaga 

(2001) and are complemented by the ITCS database of the Organization for Economic 

Development and Cooperation (OECD). To obtain data on the import flows of intermediate 
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goods, we exclude trade flows in those industries classifiable as producing final goods at the 

three-digit level of industry classification. The equation (1) shows that the stock of R&D that 

country i receives from country j through intermediate goods imports is measured by country j’s 

R&D stock times the fraction of country j’s output exported to country i.  

2-2. Foreign R&D capital that spills over directly 

A measure of foreign R&D capital that spills over directly is also computed as the weighted sum 

of the R&D capital stocks of foreign countries, where the weight is based on the bilateral 

technological proximity, patent citations between countries and rates of phone line penetration. 

That is, the extent to which the results of R&D activities of a country are diffused directly 

across another country is assumed to be measured by those three major factors, among other, 

minor, factors.  

First, it is natural to assume that disembodied knowledge spillovers between two countries 

become strong as fields of R&D activities become similar between them. Bilateral technological 

proximity between countries i and j in year t, denoted by ,ij tpx , is computed following Jaffe 

(1986, 1988), using US patent data published by the United States Patents and Trademark Office 

(USPTO). It is given as follows. 
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The term ,it zP  is the number of patents that are applied by country i in year t and that are 
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classified into a technology field z. The index Z is the total number of technology fields 

classified by Hall et al. (2001). Thus, ,i tF  is the frequency distribution across Z technological 

classes of patents applied by country i in year t. Note that this proximity measure is symmetric 

since , ,ij t ji tpx px= .  

Secondly, when country i makes more citations of patents from country j than of patents 

from other countries, we could regard it as indicating that the country i benefits more from the 

results of R&D activities by the country j than by other countries. To capture this idea, the 

following is calculated.  
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The term ,ij tC  is the number of citations of the patents of country j made in the patents applied 

by country i in year t. Thus, the term  ,ij tc  is the share of citations of patents from country j in 

total patent citations of country i in year t. 

Lastly, there will also be more knowledge spillovers between two countries when they have 

better telecommunications infrastructure to communicate with each other. Among many 

indicators for the development of telecommunications infrastructure, we will use rate of phone 

line penetration as a proxy for its simplicity and wide data availability despite its limitation as a 

proxy. Let ,i td  be a measure for the development of telecommunications infrastructure 

established in country i in year t, for which the number of telephone lines per capita taken from 
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the Telecommunications Database of the International Telecommunications Union is used as a 

proxy. 

With the consideration of all of these factors that affect the extent of direct spillovers, a 

measure of foreign R&D capital that spills over directly across countries is computed as follows. 

, , ,
fd fd d

i t ij t j t
j i

S w S
≠

=∑ , ( ), , , , , , , , ,, , ,fd
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Equation (4) shows that the results of R&D activities in country j flow into country i to a higher 

extent when two countries are more proximate technologically, when country i makes relatively 

more citations, in its patents, of the patents of country j and when both countries establish better 

telecommunications infrastructures.  

We also construct an alternative measure of foreign R&D capital that spills over directly. To 

see the isolated effect through a medium of telecommunications infrastructure, we consider only 

line penetration rates in constructing the measure of foreign R&D capital that spills over directly. 

This alternative measure is denoted by 2
,
fd

i tS and is given as follows.  
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2-3. Total factor productivity (TFP) and domestic R&D capital stocks 

The estimates of value-added, physical capital stock, labor service employed and labor income 

share in the manufacturing sector are based on the STAN database compiled by the OECD. 

Those estimates are used to measure total factor productivity (TFP) in the manufacturing sector 



 12

under the assumption that the production technology is Cobb-Douglas and that the output 

elasticities of production factors are time-invariant over the sample period. Accordingly, the 

output elasticity of labor services is calculated using the average share of labor income over the 

sample period. The estimates of domestic R&D capital stocks are based on R&D investment 

data from the OECD’s Science and Technology database. R&D investments influencing TFP 

include not only business sector R&D expenditures but also the R&D expenditures of research 

institutes and universities.  

Physical capital and domestic R&D capital stocks are calculated according to a conventional 

perpetual inventory model. A depreciation rate of 10% is used to estimate physical capital stocks, 

while a 20% rate is applied to calculate R&D capital stocks. As the economic life cycle of a 

technology becomes shorter, the depreciation rate of R&D capital is set to be much higher than 

that of physical capital. However, this setting is not a crucial one and using various alternative 

combinations of depreciation rates does not substantially change the main results of the paper. 

2-4. Basic statistical features of variables 

<Table 1> shows averages and compounded average growth rates (CAGR) of domestic R&D 

capital stocks, foreign R&D capital stocks embodied in intermediate goods imports, and two 

formulations of foreign R&D capital stocks that directly spill over. 

< Table 1 is about here > 
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Ireland and Spain show outstanding rates of growth in both domestic R&D stocks and foreign 

R&D stocks that spill over indirectly. Finland shows relatively high growth rate in domestic 

R&D stocks and low growth rate in foreign R&D stocks. On the contrary, the UK has 

experienced the lowest growth rate in domestic R&D stocks among analyzed countries, even 

though it shows the second to highest growth rate in foreign R&D stocks. As for the foreign 

R&D stocks that spill over directly, all the analyzed countries show quite high and even rates of 

growth in the measure ,
fd

i tS  defined in equation (4). Sweden is the lowest, while France is the 

highest. Countries show very uneven growth rates in the measure 2
,
fd

i tS  defined in equation (5).  

 

3. Estimation Model 

In this section, we analyze with an updated dataset whether the indirect spillover effects remain 

robust and significant as indicated by CH once the direct spillover effects have been taken into 

account, and we compare the relative explanatory powers of direct effects and indirect effects. 

For this purpose, we develop several estimating equations: The basic estimating equation that is 

developed based on the estimation equation of CH is as follows. 

, 1 , 2 , 3 , ,log log log logd fi fd
i t i i t i t i t i tF S S Sα β β β ε= + + + + , i = 1,…,17, t = 1971,…,2000 (6) 

The term log itF  is the logarithm of total factor productivity for country i in year t. We will also 

estimate the following equation using the alternative measure of foreign R&D stocks that 
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directly spill over.  

2
, 1 , 2 , 3 , ,log log log logd fi fd

i t i i t i t i t i tF S S Sα β β β ε= + + + + , i = 1,…,17, t = 1971,…,2000 (7) 

Additional attention will be paid to the effect of the widespread use of the Internet since 1995 

on the estimates of direct knowledge spillovers across countries. Although the Internet has a 

fairly long history, we regard the years from 1995 as the Internet era since the full-scale use of 

the Internet was triggered by the World Wide Web and the Microsoft Windows 95 operating 

system. For this purpose, we introduce a dummy variable D that takes a value of one for the 

period 1995–2000 and zero otherwise and estimate the following equations.  

, 1 , 2 , 3 , 4 , ,log log log log logd fi fd fd
i t i i t i t i t i t i tF S S S D Sα β β β β ε= + + + + +        (8) 

2 2
, 1 , 2 , 3 , 4 , ,log log log log logd fi fd fd

i t i i t i t i t i t i tF S S S D Sα β β β β ε= + + + + +        (9) 

Note that variables used in these estimations are clearly trended as usual in total factor 

productivity studies. <Table 2> shows the results of several panel unit root tests suggested by 

Levin et al. (2002), Im et al. (2003), and Hadri (2000). In Levin et al. (2002) and Im et al. 

(2003), the unit root is the null hypothesis to be tested, whereas Hadri (2000) tests the null 

hypothesis of stationarity. The results of panel unit root tests following Hadri (2000) indicate 

that the null hypotheses of stationarity for both dependent and explanatory variables are rejected 

at the 1% significance level, while the test results following Levin et al. (2002) show that the 

null hypotheses of non-stationarity for both dependent and explanatory variables cannot be 
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rejected even at the 10% significance level. Test results following Im et al. (2003) also strongly 

suggest that all the variables are non-stationary except the variable ,log i tF , for which we need 

1 % significance level not to reject the null hypotheses of non-stationarity.  

< Table 2 is about here > 

From the results of panel unit root tests, we can regard all the variables as being non-

stationary and, accordingly, we need to investigate whether the error term is stationary, in which 

case the variables are co-integrated and the regression is not spurious. Having relied on the test 

statistics of Levin and Lin (1992, 1993) in testing their model, CH found some ambiguous 

results. Methods of testing for co-integration in panel data have since improved. In particular, 

Pedroni (1997, 1999) developed seven test statistics based on previous test statistics. Out of the 

seven statistics, four allow for group-specific dynamics. <Table 3> shows the results of 

Pedroni’s panel co-integration tests. 

< Table 3 is about here > 

With the 5% significance level, four out of seven test statistics indicate that the estimating 

models are co-integrated. In particular, the panel t-statistics and group t-statistics reject the null 

of no co-integration and they are the most powerful statistics among these test statistics with the 
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given sample size of our dataset according to the Monte Carlo simulation of Pedroni (2004)3. 

Therefore, we can regard the estimation models as being panel co-integrated. Consequently, the 

estimated coefficients can be viewed as representing the long-term equilibrium relationship 

between the variables.  

When iα s in the estimating equations are regarded as random variables, the above equations 

are called a Random Effect Model (REM), which can be estimated by Generalized Least 

Squares (GLS) estimation. When iα s are regarded as country-specific constants, the equations 

are called a Fixed Effect Model (FEM), which conventionally can be estimated by Ordinary 

Least Square (OLS) estimation. An OLS estimator is (super)consistent, but it has a second order 

asymptotic bias under panel co-integration so that its standards errors are not valid (Kao and 

Chiang, 2000). A bias-adjusted OLS (AOLS) estimator simply adjusts this bias but in general 

does not improve over the conventional OLS, according to Chen, McCoskey and Kao (1999). In 

order to construct valid t-statistics, Kao and Chiang (2000) suggest several alternative 

estimation procedures such as FMOLS estimation and DOLS estimation. They also show that 

the FMOLS estimator does not improve over the OLS and that the DOLS estimator has superior 

                                                 
3 For the panel data with the number of cross-section units being about 20 and the number of 

time units being about 30, the empirical powers of panel and group t-statistics are roughly twice 

as large as the other test statistics according to Pedroni (2004). 
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small sample properties according to their Monte Carlo experiments. However, DOLS is 

required to select the appropriate leads and lags prior to the estimation. 

 

4. Estimation Results 

We will present results of estimation of equations (6)–(9) while we view them as both FEM and 

REM. For FEM, AOLS, DOLS and FMOLS estimation are applied to the equations along with 

conventional OLS estimation as a benchmark.  

<Table 4> shows the results of estimation of equations (6) and (8) in which the measure 

defined by equation (4) is used for the foreign capital that directly diffuses. 

< Table 4 is about here > 

Above all, results prove significant and robust positive direct knowledge spillovers across 

countries. In all the model specifications, it is significantly positive at 1% significance level 

except AOLS in which case it is significant at 5% significance level. This implies that the 

consideration of direct knowledge spillovers is indispensable in the studies of international 

R&D spillovers. Furthermore, the results in the columns (6)–(10) in <Table 4> show that the 

direct spillover effect becomes higher after 1995 than before. This structural difference between 

two periods is small in magnitude but strongly significant with REM, FMOLS and DOLS. This 

indicates a structural reinforcement of the effect of direct knowledge spillovers across countries 
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owing to the explosion of the Internet use since 1995. 

In contrast to the direct effect, the indirect effect through the intermediate goods trade does 

not seem to be robust. It turns out to be insignificant with FMOLS and DOLS while significant 

with the other models. Note that FMOLS and DOLS could be more appropriate estimation 

procedures with panel co-integration models. The effect of domestic R&D capital is not robust 

either as it is also insignificant with FMOLS and DOLS and significant with the other models.  

<Table 5> shows the results of estimation of equations (7) and (9) in which the measure defined 

by equation (5) is used for the foreign capital that spills over directly. 

< Table 5 is about here > 

Compared with the results in <Table 4>, qualitative implications regarding the effect of 

direct spillovers remain unchanged despite the use of the alternative measure. The effect 

remains significant and robust. The structural increase of the direct effect after the widespread 

use of the Internet is also strongly significant, with REM, FMOLS and DOLS. The use of the 

alternative measure does not affect the qualitative analyses of the effect of domestic R&D 

capital, as it is insignificant with FMOLS and DOLS and significant with the other models. The 

difference of estimation results after using two alternative measures can be seen from the 

estimation results of indirect knowledge spillovers. The robustness and the significance of this 

indirect spillover effect become more fragile with the use of the alternative measure considering 
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telecommunications infrastructure as the sole medium of direct knowledge spillovers across 

countries. Only OLS estimation applied to FEM without the consideration of the Internet era 

results in a significant indirect effect, while other seven models produce insignificant ones. 

Putting these results together, we can conclude that the effect of direct knowledge spillovers 

across countries is robust and significant. In contrast, the robustness and significance of the 

effect of indirect knowledge spillovers are very fragile. This implies that intermediate goods 

trade may not work well as a channel of the international knowledge spillovers, contrary to the 

suggestions of CH and their proponents. The results also indicate the importance and the 

relevance of the consideration of direct knowledge spillovers in the empirical studies of 

international R&D spillovers.  

 

5. Conclusion 

R&D investment generates spillover effects not only across firms and industries but also across 

countries. The extent to which one country’s knowledge influences the productivity of other 

countries is an important determinant of convergence of per capita income across countries and 

the speed of the convergence in the process of globalization. The empirical research for 

measuring such spillover effects of R&D across countries began with that of Coe and Helpman 

(1995), which has generated much subsequent research. Most previous research viewed the 
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exchange of goods or investments as the main channels of international knowledge spillovers. 

and overlooked the fact that intangible knowledge, the final product of R&D, spills over directly, 

without needing the exchange of goods or investments to embody the knowledge. Therefore, the 

estimation of indirect spillover effect through the exchange of goods or investments could be 

misleading without taking into account this disembodied direct knowledge diffusion across 

countries. Hence, this paper estimated models that considered the direct spillover effect as well 

as the indirect spillover effect through intermediate goods imports. Using newly constructed 

panel data, those models were estimated to re-examine the conspicuous indirect spillover effect 

asserted by CH, and to evaluate the significance and magnitude of the direct spillover effect.  

Many meaningful results emerged from the estimation using numerous model specifications. 

These include the significant and robust positive effect found for direct knowledge spillovers 

across countries. The effect is robust in the sense that it is statistically significant for all model 

specifications regardless of selection between two alternative proxy measures of foreign R&D 

capital stocks that directly spill over. This demonstrates that the consideration of direct 

knowledge spillovers is essential in the estimation of knowledge spillovers across countries. 

Estimation results also suggest a structural increase in the direct spillover effect since the use of 

the Internet became widespread. On the other hand, the indirect effect through the intermediate 

goods trade is not as robust in that the effect is not statistically significant for many model 
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specifications including FMOLS and DOLS. This implies that, contrary to the suggestions of 

CH and their proponents, intermediate goods trade may not be an effective channel for the 

international knowledge spillovers. The significance of this indirect spillover effect becomes 

more fragile with the use of alternative measure for foreign R&D capital that directly spills over. 

These findings, however, should be accepted with some caution. Other, alternative, measures for 

foreign R&D capital could be designed with better data availability. For example, it may be 

desirable to consider telecommunications expenditures and line quality as well as line 

penetration rates in construction of the measure. In particular, the implications of the explosive 

growth of the Internet in recent years are not fully explored in this paper. That will be a feasible 

and useful subject for future research if sufficient panel data regarding Internet usage become 

available.  
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<Table 1> - Summary Statistics – Averages and Compound Average Growth Rates 

,
d
i tS  ,

fi
i tS  ,

fd
i tS  2

,
fd

i tS  
 

Average CAGR Average Average CAGR CAGR Average CAGR 

AUS 12716 6.29% 7115478 247641 10.84% 5.90% 72473 12.20%

AUT 6186 8.18% 8837866 229928 12.17% 8.54% 57518 9.84% 

BLX 10288 4.76% 22800000 221938 12.18% 7.15% 53426 11.58%

CAN 26649 5.49% 41800000 305324 10.22% 6.78% 98378 4.15% 

DNK 4685 6.38% 6285155 316289 11.14% 6.43% 81128 9.76% 

FIN 4491 9.18% 4339271 276278 11.18% 6.89% 63054 10.77%

FRA 77017 4.13% 35300000 250371 14.32% 7.74% 75804 13.07%

GER 117156 4.48% 49700000 234229 12.54% 7.49% 53095 4.39% 

IRL 1335 9.15% 5202102 173376 14.15% 9.30% 48121 21.27%

ITA 31500 5.03% 25700000 206545 12.33% 8.45% 54360 11.52%

JPN 201378 7.01% 21000000 210760 11.42% 8.82% 48502 8.04% 

NLD 19616 3.55% 21100000 263583 12.08% 6.61% 76180 10.95%

NOR 4104 6.91% 5754646 288977 12.40% 6.22% 77686 12.52%

SPA 9254 10.24% 14500000 180051 13.27% 11.25% 46899 15.58%

SWE 13641 6.93% 10200000 367275 9.30% 6.30% 107334 7.92% 

UK 70025 2.85% 37600000 240444 12.01% 9.51% 79296 10.79%

USA 552783 3.54% 74300000 152278 12.43% 8.87% 6929 14.82%
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<Table2> Panel Unit Root Test a 

Test 
,log i tF  

,log d
i tS  ,log fi

i tS  ,log fd
i tS  2

,log fd
i tS  

7.324*** 5.345***  4.412***  7.859*** 7.205***  Hadri(2000) 

(0.000)  (0.000)  (0.000) (0.000)  (0.000)  

1.010  -2.422 -1.785 -0.650  -2.997  Levin, Lin and Chu(2002) 

(0.844)  (0.992) (0.963)  (0.742)  (0.999)  

2.224** 0.643 0.096 0.079  -0.587 Im, Pesaran and Shin(2002) 

(0.013) (0.260) (0.462) (0.469)  (0.721)  

a In Levin, Lin and Chu(2002) and  Im, Pesaran and Shin (2002), the unit root is the null hypothesis to be 

tested whereas Hadir(2000) tests the null hypothesis of stationarity. Both tests are based on fixed effect 

model. *, **, *** indicate the parameters that are significant at 10%, 5%, 1% probability level 

respectively. In parenthesis, critical probabilities are given. Tests are based on STATA procedures that can 

be found in the Statistical Software Components(SSC) archive.  
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<Table3> Panel Cointegration Test a 

Test Eq. (6) Eq. (7) Eq. (8) Eq. (9) 

1.002  1.247  1.348 * 1.518  panel v-stat    
 (0.158)  (0.106)  (0.089)  (0.064)  

-0.456 0.116  -0.360  0.037  
panel rho-stat 

(0.324)  (0.454)  (0.359)  (0.515)  

-2.115 **  -2.155 **  -2.684 *** -3.136 *** panel pp-stat   
 (0.017) (0.016)  (0.004)  (0.001)  

-2.152 ** -2.263 ** -2.959 *** -3.861 *** 
panel adf-stat 

(0.016)  (0.012)  (0.002)  (0.000)  

0.397  0.964  0.591  0.781  group rho-stat  
 (0.654)  (0.168)  (0.723)  (0.783)  

-2.321 ** -2.465 *** -2.997 *** -3.754 *** 
group pp-stat   

(0.010)  (0.007)  (0.001)  (0.000)  

-2.914 *** -3.168 *** -4.196 *** -5.138 *** 
group adf-stat  

(0.002)  (0.001)  (0.000)  (0.000)  

a Tests are based on GAUSS procedures provided in NPT version 1.3 that is retrieved from 

http://web.syr.edu/~cdkao.  
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<Table 4> - Estimation results, 1971-2000, 510 observationsa. 

(1) (2) (3) (4) (5) (6) (7) (8) (9 (10) Explanatory 
Variables 

FEM REM FMOLS DOLS AOLS FEM REM FMOLS DOLS AOLS 

 
log dS  

 
0.083*** 
(0.000) 

 
0.027*** 
(0.000) 

 
0.010 
(0.620)

 
0.007 
(0.760)

 
0.082***
(0.000)

 
0.083***
(0.000)

 
0.029*** 
(0.000)

 
0.007 
(0.733) 

 
0.008 
(0.699) 

 
0.082***
(0.000)

log fiS  0.036*** 
(0.000) 

0.039*** 
(0.000) 

0.020 
(0.225)

0.028&
(0.099)

0.034**
(0.028)

0.035***
(0.000)

0.030**
(0.028)

0.024 
(0.138) 

0.021 
(0.230) 

0.034**
(0.033)

log fdS  0.017*** 
(0.001) 

0.045*** 
(0.000) 

0.046***
(0.000)

0.044***
(0.000)

0.019**
(0.017)

0.017***
(0.001)

0.045*** 
(0.000)

0.041*** 
(0.000) 

0.035***
(0.000) 

0.020**
(0.017)

log fdD S       0.000 
(0.681)

0.002*** 
(0.002)

0.004*** 
(0.000) 

0.005***
(0.000) 

0.000 
(0.973)

a The dependent variable is log(total factor productivity). *, **, *** indicate the parameters that are 

significant at 10%, 5%, 1% probability level respectively. In parenthesis, p-values are given. 
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<Table 5> - Estimation results, 1971-2000, 510 observationsa. 

(1) (2) (3) (4) (5) (6) (7) (8) (9 (10) Explanatory 
Variables 

FEM REM FMOLS DOLS AOLS FEM REM FMOLS DOLS AOLS 

 
log dS  

 
0.071*** 
(0.000) 

 
0.024*** 
(0.000) 

 
0.011 
(0.617)

 
0.005 
(0.823)

 
0.077***
(0.000)

 
0.070***
(0.000)

 
0.025*** 
(0.000)

 
0.010 
(0.660) 

 
0.006 
(0.795) 

 
0.077***
(0.000)

log fiS  0.018** 
(0.050) 

0.008 
(0.333) 

-0.001 
(0.948)

0.011 
(0.546)

0.016 
(0.354)

0.016 
(0.105)

0.003**
(0.736)

0.002 
(0.910) 

0.010 
(0.618) 

0.014**
(0.404)

log fdS  0.033*** 
(0.000) 

0.064*** 
(0.000) 

0.069***
(0.000)

0.066***
(0.000)

0.032**
(0.011) 

0.034***
(0.001)

0.063*** 
(0.000)

0.065*** 
(0.000) 

0.062***
(0.000) 

0.032***
(0.010)

log fdD S       0.000 
(0.464)

0.001*** 
(0.017)

0.002*** 
(0.006) 

0.002***
(0.008) 

0.000 
(0.878)

a The dependent variable is log(total factor productivity). *, **, *** indicate the parameters that are 

significant at 10%, 5%, 1% probability level respectively. In parenthesis, p-values are given. 

 

 


