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ABSTRACT
We carry out a cross-country analysis of national innovative capabilities, beginning with a comparison of the ‘technology balance of payments’ (TBP) of 32 countries. We then employ data on the domestic R&D expenditure and technology balance of payments within these countries to analyze their propensity for the use of internal or external innovation resources. Finally, we apply ‘three-stage data envelopment analysis’ (3-SDEA) to carry out an assessment of the innovation efficiency of 24 sample countries, setting up two innovation production models – with and without technological trade – in an attempt to gain more solid policy implications on the importance of taking into consideration international technological exchange.
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1. 
INTRODUCTION
Developing nations throughout the world are continually striving to improve their technological capability, essentially because, in the long run, improvements in technology ultimately lead to an increase in total factor productivity and sustainable economic growth. One of the major drivers of technological change is the process of innovation, which is characterized by both uncertainty and risk, and within which, most countries have a constant need to improve the allocation and utilization of their valuable innovation resources. However, apart from internal investment, which is virtually the only source considered in the vast majority of conventional innovation studies, there has been rapid growth over recent years in external technology sourcing. 
Through the adoption of mathematical modeling, Spulber (2008) found that international trade in technology leads to a variety of significant economic effects, examples of which include (i) technology trade improves the quality of innovation by increasing the pool of R&D experiments from which the best technologies are selected; (ii) relative to the equilibrium without technology trade, technology trade increases the efficiency of inventions whilst simultaneously lowering the total number of inventors; and (iii) technology trade increases both product variety and the volume of trade in goods. Thus, many of the prior studies focusing on innovation efficiency which do not take into account international technological exchange (for example: Wang, 2007 and Sharma, 2008) have not provided sufficient support for this particular area of policy making.
One problematic issue arising here is the effective identification of international technological flows; we therefore employ ‘technological balance of payments’ (TBP) statistics to deal with this issue. Both unaffiliated and affiliated commercial transfers of disembodied technologies are covered by TBP data;
 these include patents (sales and purchases), patent licensing, know-how (unpatented), models, designs, trade marks (including franchising), technical services and financing of industrial R&D outside national territory. Unlike R&D expenditure, these mainly involve payments for production-ready technologies (OECD, 2009). 
TBP data has difficulties in capturing embodied technology and certain types of technology transfers (such as those to subsidiaries with no explicit technology payment, cross-licensing or patent swaps) which have already been documented (Madeuf, 1984); thus, it is clear that the data on technology balance of payments cover only a part of all international technology flows. However, despite such limitations, in specific terms of disembodied technologies, TBP statistics represent one of a very few data sources with international comparability. Since those figures which have no relevance to technology are already removed from the TBP statistics (Mendi, 2007), when conducting country-level comparative analyses with unified standards and with reasonable categories of representative figures, even if not perfect, the statistics do enable us to more accurately identify policy implications.
Country-level comparative analyses using TBP statistics have already been undertaken in a few of the prior studies; for example, from a study of the TBP performance of 16 OECD countries from 1971 to 1995, Mendi (2007) found that disembodied technology trade positively affected the total factor productivity of importers (specifically, non-G7 OECD countries). Furthermore, since Horn (1983) had earlier shown that there was no simple relationship between a country’s position in technology balance of payments and its innovative capability, it would be somewhat misleading to interpret the considerable deficit in West German patents and licenses in the late 1970s as an indicator of technological weakness.

Although we agree with the criticisms in the prior studies, that technological trade data cannot, in isolation, be regarded as an effective indicator of national innovative ability, there appears to be a major flaw in the methodology adopted for the utilization of TBP data; that is, there has been a tendency within the prior studies to combine both payments and receipts to produce a ‘balance’ figure; unfortunately, the very nature of the process of innovation renders such a calculation untenable. 
Innovation processes are capable of being separated into input and output activities; however, it is important to recognise the existence of a time lag between each of these processes. As a result, we contend that TBP payments (receipts) should be treated as external innovation input (output), and that they should therefore be analyzed along with other domestic innovation input and output indicators when evaluating the innovative efficiency of any particular country.

In order to undertake effective comparative studies of various countries and to attempt to provide policymakers with sound advice on innovative strategy and efficiency, we construct a well-rounded dataset of 32 sample countries (23 in Europe, five in Asia, two in America, one in Africa and one in Oceania). The main data source for our empirical research is the Organisation for Economic Cooperation and Development (OECD: http://www.sourceoecd.org), which provides time-series data on the innovation outcomes (journals, patents and TBP) and all expenditure on R&D activities of OECD member and non-member countries.
TBP data cannot effectively exclude the impacts of multinational companies nor can it effectively capture the domestic flow of disembodied technologies (TBP Manual, 1990; Sirilli, 1991; Raggi, 1993; Godin, 2007); thus, in our analysis of the total amounts of TBP flows, we deal with this problem by classifying the sample countries into three country groups, comprising of the G8 countries, OECD member countries (excluding G8), and non-OECD countries. Those countries categorized into the same group will tend to have very similar industrialization levels, including the total number and size of MNCs, the level of domestic technological flow, and so on; thus, to some extent, we can reduce some of the weakness of the TBP indicators, thereby ensuring more reasonable comparisons.
Following a series of comparative analyses of the TBP data on the 32 sample countries covering the years 2000, 2004 and 2008, we subsequently carry out a three-fold analysis of national innovative capabilities. This begins with a cross- country comparison of the technology balance of payments of the sample countries, followed by analysis of each country’s propensity for the use of internal or external innovation resources employing 2000, 2004 and 2008 data on R&D expenditure and TBP payments. Finally, we apply ‘three-stage data envelopment analysis’ (3-SDEA) to assess the innovative efficiency of a total of 24 sample countries.
 
We set up two innovation production models, with and without technological trade, in order to identify more solid policy implications on the importance of taking into consideration international technological exchange. We find that more accurate comparative results on innovation efficiency can be provided when taking international technological exchange indicators (i.e., TBP data) into account. 
Based upon our analysis of innovation input shares between domestic R&D, TBP payments, the amounts of TBP flows and aggregate innovation efficiency, we suggest that policymakers should not only focus on both internal and external research sourcing, but that they should also examine the performance of other countries in the same industrialization group in order to achieve an effective economic innovation process. 
The remainder of this paper is organized as follows. The definition of ‘technology balance of payments’ (TBP) is provided in Section 2, along with a comparison of TBP across various countries. This is followed in Section 3 by a description of the measurement of country-level innovation inputs and outputs and a discussion on the role of TBP in innovative activities. The empirical results of the cross-country comparison of innovative efficiency are provided in Section 4. Finally, the conclusions drawn from this study and suggestions for future research are provided in the closing section.
2. 
TECHNOLOGY BALANCE OF PAYMENTS
2.1
Definition of Technology Balance of Payments
TBP payments capture the activities of firms regarding the importation of disembodied technologies, whilst TBP receipts enable us to measure the exportation of such disembodied technologies (TBP Manual, 1990; Hollanders, 2008). Technology balance of payments are therefore introduced here as a supplement to the measurement of both innovation inputs and outputs through the international exchange of disembodied technologies.
The TBP manual, which was published by the OECD in 1990, facilitated the classification and factors for consideration currently adopted for the measurement of international technology transfers (UNCTAD, 2010). According to the TBP manual, both receipts and expenditure can be used to analyze the international distribution of transactions, including patent transfers, invention transfers, licensing and know-how agreements. However, TBP data has some drawbacks, as follows. 
Firstly, it is very difficult to exclude the effects on intra-firm flows from the TBP data, thus the technological flows within multinational companies may lead to considerable bias. Secondly, complex contracts, non-commercial transactions and domestic transfers can give rise to further bias, insofar as the TBP data is not capable of capturing all of the disembodied technology flows. Thirdly, the comparability of the TBP indicators may be affected by the indirect survey procedures adopted, as well as the ways in which the data are processed or published (TBP Manual, 1990; Sirilli, 1991; Raggi, 1993; Godin, 2007).
It should also be noted that TBP payments and receipts are seldom recorded at the exact time that the technology transfers take place, essentially because at the time that the technology transfer occurs, there may only be partial payment of the counter value, with the remainder being settled later, normally by means of several payments (as in the case of royalties). Thus, the financial transactions recorded in the TBP for a certain year may actually refer to technology transfers which occurred in previous years. Furthermore, when technology transfers are directed towards newly industrializing countries, as opposed to developed countries, they may not actually be innovative technologies, but instead, mature ones (Raggi, 1993).
A further issue of considerable importance is that the transactions included in the technology balance of payments of the various countries are not the same; in addition to technology transfers in the strict sense, technical services (consultancy, transfer of experts, market surveys, personnel training and teaching) or transactions not directly related to technology (trade marks, management services) may also be involved (Raggi, 1993).
TBP statistics are clearly prone to the abovementioned limitations; nevertheless, in terms of trade in disembodied technologies, they serve as one of only a few internationally comparable data sources, since the figures with no relevance to technology have already been removed from the TBP statistics (Mendi, 2007). These statistics therefore enable us to carry out a country-level comparative analysis with unified standards and with reasonable categories of representative figures.

2.1
Cross-country Comparison of Technology Balance of Payments
According to the technology receipts data presented in Table 1, in 2008, the average TBP receipts of the G8 countries were significantly greater than those of the other two groups. In more specific terms, they were over three times as great as those of other OECD countries (excluding G8) and almost ten times as great as those of non-OECD countries. 

<Table 1 is inserted about here>

However, as we can see from the column of figures on 2008 TBP payments in Table 1, the difference between the three groups were not so great, with the average technological importation by the G8 countries approximately doubling that of other OECD countries, and surprisingly, the average TBP payments for non-OECD nations being slightly more than those of other OECD countries (excluding G8). The average figures for all three groups reveal an upward trend in both TBP receipts and payments during the 2000-2008 period.
Turning to specific details on TBP receipts for the 32 sample countries in the year 2008, the US stood at the top of the list, at US$92,378.0 million, with the four other countries making up the top five being Germany (US$54,875.3 million), the UK (US$45,267.5 million), Ireland (US$37,780.8 million) and the Netherlands (US$30,507.4 million). This reveals that in 2008, three of the top five countries were G8 countries, and the others were all OECD member countries (excluding G8). The country receiving the most from technological trade in the non-OECD members group was China, at US$7,220.3 million. As regards the data on TBP receipts for the years 2000 and 2004, we find that the US, Germany, and the UK consistently topped the list, and that there was also a significant increase in the total number of countries with receipts in excess of US$10,000 million, from just three countries in 2000 to nine countries in 2008. The figures in Table 1 reveal that no non-OECD members had TBP receipts greater than US$8,000 million during this period.
As regards TBP payments for the 32 sample countries, as shown in Table 1, the rankings were similar to those for receipts, with the US, Germany, the UK and Ireland being in the top five in 2008; nevertheless, China, as a non-OECD country, ranked fourth in terms of overall technology payments. Furthermore, the data reveal an upward trend in the number of countries with technological payments in excess of US$10,000 million between 2000 and 2008; in specific terms, there were just three countries in 2000, seven countries in 2004, and nine countries in 2008. Although most of the countries at the top of the list were either G8 or OECD countries, the non-OECD countries of China and Singapore both performed well from 2000 onwards. Both the receipts and the payments data show a general upward trend in value during the 2000- 2008 period.

We go on to calculate and analyze the receipts/payments ratio for each of the 32 sample countries in order to provide a more precise examination of their in technology trade. By calculating this ratio, we can eliminate the impact of the receipt and payment amounts attributable to the scale of each of these economies. The results presented in Table 2 reveal that, on average, the G8 countries had a TBP surplus in the range of 1.63-1.70, whilst other OECD countries (excluding G8) had an approximate TBP balance ranging between 0.79 and 1.00, and non-OECD nations had a TBP deficit in the range of 0.18-0.40. 

The 2008 data indicates that all of the G8 countries, with the exception of Russia, had a technology trade surplus, whilst 9 out of the 19 OECD countries (excluding G8) had a surplus over the same period, and all of the non-OECD sample countries had a deficit. Furthermore, there was very little change in the trade balance trend during the period under discussion.

<Table 2 is inserted about here>

3. 
THE ROLE OF TBP IN INNOVATIVE ACTIVITIES
We now go on to present a broader view in this section, observing both the inputs and outputs of innovative technological trade activities. We follow Pakes and Griliches (1984) and Griliches (1990) in the present study to consider knowledge generation activities in each of the sample countries as a production process. The aggregate innovation production function of a country, comprising of its inputs and outputs, has the common properties of a well-behaved production function, under the assumption that all inputs and outputs are homogeneous. The importance of technological change stems from the ability to increase outputs whilst maintaining or even reducing the overall level of inputs. We aim to demonstrate the rationale behind the innovative input and output variables selected for this study in the following sub-sections.
3.1
Innovative Inputs

Although firms in many industries are under immense pressure to improve their ability to innovate, the executives within such firms are acutely aware that the best ideas do not always come out of their own R&D laboratories; this explains why growing numbers of firms are exploring the idea of open-market innovation, an approach which uses tools such as licensing, joint ventures and strategic alliances to bring the benefits of free trade to the flow of new ideas (Rigby and Zook, 2002). A comprehensive exploration and discussion of the complementarity relationship that exists between the sourcing of internal and external research was provided by Arora and Gambardella (1994), with rigorous econometric evidence also being provided by Cassiman (2006), in which it was suggested that a combination of internal and external knowledge acquisition activities is key to an efficient innovative process.
Similarly, technological development at country level can be achieved either through domestic R&D expenditure or the acquisition of foreign technologies (OECD, 2009). According to OECD (1974), R&D expenditure refers to the costs of creating systematic knowledge or innovative technological projects. Through the exploration of these projects, research institutes, such as universities and both public and private institutes, obtain the research resources and stimulate their researchers to use their knowledge to create new technologies. 
It is noted that total reported R&D expenditure contains the salaries and wages paid to researchers and other personnel; therefore, in order to avoid any double counting, we do not include a ‘manpower’ variable (considering factors such as the number of researchers and number of technicians) as part of the innovation input. This approach differs from those generally adopted in the prior studies, such as Wang and Huang (2007) and Sharma and Thomas (2008). 
Furthermore, the OECD manual, Main Science and Technology Indicators, indicates that the R&D expenditure data is confined to R&D projects conducted domestically; in other words, the data does not include innovation expenditure in foreign institutes. As a result, the OECD R&D expenditure data does not include TBP payments. Fortunately, TBP is an ideal indicator capable of providing an appropriate supplement for the inadequacy of domestic R&D expenditure (which measures only internal innovative activities). Consequently, as shown in Equation (1), we use expenditure on both domestic R&D and TBP payments to represent the total innovation input of a country:
Total Innovation Input = (Expenditure on Domestic R&D) + (TBP Payments)   (1)

According to the OECD, TBP expenditure comprises of expenditure on four types of transactions: (i) technology transfer (such as patent transactions); (ii) design transfer (such as brand or marketing model transactions); (iii) the provision of technical services (technological assistance); and (iv) the provision of industrial R&D. Examining the total innovative input for each country, we measure the relative importance of domestic R&D and TBP payments using the following ratios.

Domestic R&D Share = Expenditure on Domestic R&D/Total Innovation Inputs;  (2)
TBP Payment Share = TBP Payments/Total Innovation Inputs.

The proportions of the two innovation inputs, domestic R&D and TBP payments, for the years 2000, 2004 and 2008, are presented in Table 3, showing a general upward time trend in TBP expenditure (external sourcing) in all three country groups over the 2000-2008 period. The 2008 data reveals a general tendency towards the use of more internal research sourcing by G8 nations (with an average 84 per cent) and non-OECD countries (with an average of 73 per cent) of total innovation inputs on domestic R&D. In contrast, OECD member countries (excluding G8) tend to adopt a balanced innovation strategy, a finding which runs contrary to the conventional wisdom that increasing industrialization is generally accompanied by corresponding growth in R&D expenditure. 
<Table 3 is inserted about here>

In more specific terms, more than 80 per cent of all innovation inputs are focused on domestic R&D in six of the countries in the G8 group; the remaining two countries, the UK and Germany allocate less than 70 per cent of their innovation expenditure on domestic R&D. In 13 of the 19 other OECD countries, the proportion of domestic R&D expenditure lies between 40 per cent and 70 per cent, with only Australia and South Korea spending more than 70 per cent of their expenditure on domestic R&D. Less than 40 per cent is allocated to domestic R&D in Hungary, Luxembourg, Ireland and the Netherlands.
Turning to the non-OECD countries, to our surprise, we find that in 2008, as compared to virtually all of the OECD countries (excluding G8), not only the proportion of domestic R&D expenditure, but also the amount, was greater for both Taiwan (90 per cent; US$20,536.8 million) and China (79 per cent; US$120,613.5 million). Domestic R&D expenditure for both Romania and South Africa also accounted for more than 75 per cent of all innovation expenditure. Singapore is very distinct in this country group, since only 28 per cent of its innovation expenditure is allocated to domestic R&D.
Combining the results presented in Tables 2 and 3, we find that a substantial technological trade deficit does not necessarily imply that the innovation input of any particular country is insufficient. For example, although severe TBP deficits are exhibited by Russia, China and Taiwan, they each spend considerable amounts of their resources on domestic R&D, and thus, TBP payments represent only a small proportion of their aggregate innovation input. 
Furthermore, as shown in our analyses on internal and external sourcing, the innovation input proportions for countries in the same group tend to have similar patterns. Spulber (2008) indicates that technological trade, which represents an ideal way of introducing the most up-to-date technology, increases the efficiency of R&D experiments, whilst Cassiman (2006) and Arora and Gambardella (1990) also suggest the existence of complementarity in innovation sourcing. 
Consequently, we suggest that policymakers should pay particular attention to both the amount of TBP payments and the amount of domestic R&D expenditure in order to obtain a more complete picture of national innovation input shares. We further recommend that government policymakers should use the innovation input share information of other countries in the same country group as a frame of reference for the design of suitable policies that will ultimately help them to achieve the best possible utilization of their budgets.
3.2
Innovation Outputs

Similar to the argument pursued in the above sub-section, we contend that both the production and exportation of new technology should be taken into consideration when evaluating the innovation outcomes of any given country. The country-level innovation outputs in this study comprise of four items: (i) patent counts; (ii) the quality-adjusted patent index (h-index); (iii) the number of academic papers; and (iv) the total amount of TBP receipts. 
Although, in an ideal setting, it is better for researchers to consider the actual quantity of new product sales, product improvements or process innovations, in practice, these figures are almost impossible to obtain, and indeed, as described above, when carrying out cross-country studies, it becomes extremely difficult to even measure the appropriate data. In the present study, we strive to create an approach which provides an appropriate, sound comparison between the sample countries. The detailed definitions of the four innovation outputs described above are provided in the following sub-sections.

3.2.1  Patent counts and the quality-adjusted patent index

A patent represents a right granted by a government to an inventor in exchange for the publication of the invention; this right entitles the inventor to prevent any third party from using the invention in any way, for an agreed period (OECD, 1993). Thus, the total number of patents which a country owns can, to some extent, represent the invisible assets (the overall R&D capabilities) of that country. Furthermore, the wide availability of the details of the patents enables researchers to conduct empirical analyses aimed at measuring country-level, industry-level and firm-level innovative capability (Griliches, 1990). 
We therefore use patent counts as our first indicator in the present study for the measurement of country-level innovation output. However, it is clear that patents measure only codified knowledge, and indeed, technology is just one form of knowledge with particular emphasis on the use of tools or crafts (Jang et al., 2009); additionally, not all technological inventions or innovations end up being patented (Scherer, 1965; 1983). 
Due to data constraints, other evidence on innovation, such as new product announcements or sales of innovative products (Acs and Audretsch, 1989; Brouwer and Kleinknecht, 1999) are excluded from this study Consequently, we utilize TBP receipts data to measure disembodied technologies, in an attempt to construct a more integrated picture of national innovation outcomes.

A further point to be considered is that the use of patent counts as the sole indicator of innovative output cannot fully reflect the economic ‘importance’ of innovations, essentially because patents vary enormously in economic value. Indeed, only a very small proportion of patents may have any major economic potential. Clearly, therefore, the accurate measurement of a patent’s economic value is a formidable task. Although Hall, Jaffe and Trajtenberg (2005) used citation counts to classify patents in terms of their economic importance, the total number of citations is likely to be inflated by a few ‘big hits’ as a result of co-authoring. This represents a significant drawback, which renders this method less representative. 
Guan and Gao (2009) and Kuana, Huang and Chen (2011) adopted the h-index, proposed by Hirsch (2005), which defines the firm level h-index pertaining to patents in order to evaluate the performance ranking of patent assignees; that is, a number, h, is assigned, such that for a given assignee in a given time span, h patents received at least h citations from later patents, while other patents received no more than h citations. Since the h-index can capture both productivity (relating to the number of patents granted) and impact (relating to the citations received) in a single yet simple-to-calculate number, we contend that for use in cross-country studies, this represents an appropriate quality-adjusted patent indicator
3.2.2  Academic papers

Academic papers are selected as one of the innovation output indicators in the present study essentially because they provide an appropriate representation of a country’s scientific research. Scientific research provides rich support for industries by generating positive economic returns (Patel and Pavitt, 1994); for example, Mansfield (1991, 1998) found that academic research stimulated industries to develop new products and processes. We therefore use this indicator in the present study to capture fundamental-stage innovation outputs as a supplement to the mature technologies covered by patents and TBP receipts. 
The total number of academic papers is calculated in the present study as the sum of the annual number of papers published in both the ‘science citation index’ (SCI) and the ‘engineering index’ (EI), within which the weight of the EI is two-thirds of that of the SCI due to the quality difference between these two types of academic papers (Wang and Haung, 2007).

3.2.3  TBP receipts

TBP receipts refer to the income gained from the sale of technologies to other countries. If a given country can develop certain types of new or distinguished technologies, then it can export such technologies to other countries. TBP income can be seen as a form of innovation output, and is therefore used as an indicator in this study. Since the units differ amongst the various innovation outputs, such as the number of USPTO patents, the number of academic papers and total TBP income, these figures for 2004 and 2008 are simply listed in Table 4.
<Table 4 is inserted about here>
4. 
INNOVATION EFFICIENCY
4.1 
Methodology

4.1.1  Data envelopment analysis (DEA)
‘Data envelopment analysis’ (DEA) is widely acknowledged as an appropriate linear programming model for the calculation of efficiency, with a major advantage of DEA being that it is a non-parametric statistical method; thus, it does not need pre-set fixed weights and functional form (Farrel, 1957; Charnes et al., 1994). By contrast, the conventional production function requires a given functional form prior to undertaking further computation (Hall and Ziedonis, 2001; Jang and Huang, 2005).


By combining multiple input and output variables to a uni-dimensional scalar measure, DEA produces so-called efficiency scores, which are distributed from 0 to 1. In carrying out our international comparative study of innovation efficiency, we regard the countries as ‘decision making units’ (DMUs), and assume that they are able to independently optimize their innovation inputs and outputs. Those countries with efficiency scores of less than 1 are regarded as being inefficient; in other words, they do not efficiently combine their sources of innovation inputs with their methods of innovation outputs, and therefore, they do not reach the Pareto optima.
As proposed by Banker et al. (1984), we release the assumption of ‘constant returns to scale’ (CRS), separating the CRS ‘technical efficiency’ (CRSTE) into ‘pure technical efficiency’ (PTE) and ‘scale efficiency’ (SE). The separation of scale size is a sound assertion here, since the country-level comparative analyses should remedy the bias results from the differences in the size of the sample countries. The same method of analyzing country-level innovation efficiency has been applied in several of the prior studies. For example, Rousseau and Rousseau (1997) applied DEA to the assessment of the relative efficiency of the R&D processes in 18 developed countries, using GDP, active population and R&D expenditure from the UN Statistical Yearbook for the inputs, and the number of publications in the ISI’s ‘science citation index’ as well as the number of patents granted by the European Patent Office as the output indicators. Sharma and Thomas (2008) also examined the relative efficiency of the R&D processes of 22 developed and developing countries using the DEA method; they used gross domestic expenditure on R&D and the number of researchers in 2002 as the inputs, and the patents granted to residents in 2004 as the output measure.
However, neither of the above studies considered national power; in other words, they proceeded to undertake linear programming analyses on countries in dramatically different settings. Although this is a natural data gathering constraint in any cross-country study, we should not simply ignore this bias, and in order to resolve this particular problem, we apply the ‘three-stage DEA’ (3-SDEA) method developed by Fried et al. (1999; 2002), with the aim of eliminating, as far as possible, the natural differences that exist between countries. This adjustment enables us to apply a cross-country comparative analysis from which reasonable results can be obtained.
4.1.2  Three-stage DEA (3-SDEA)
The first stage of the 3-SDEA model constructed by Fried et al. (1999; 2002) is exactly the same as that for conventional DEA. By carrying out the first stage of conventional DEA, we can obtain the efficiency score data (described in sub-section 4.1.1, above), as well as both the radial and non-radial slack movement. Slack movement refers to the difference in input (or output) quantity between an efficient DMU and an inefficient DMU. 
For practical purposes, we first of all keep the ratios between all of the input variables constant when adjusting these to the efficient frontier, whilst in some cases, we can further reduce some of the input variables independently without moving the DMU out of the efficient frontier. Thus, the first movement described above is referred to as the radial slack movement, and the second movement is referred to as the non-radial slack movement.
The second stage involves regressing the total slack movement of each input (the summation of both radial and non-radial slack movement) on several chosen environmental variables (such as policy effects and language advantage) using a Tobit regression. The reason for selecting the Tobit model here is that the input or output slacks are always equal to or greater than zero (≥0); thus, they should be treated as left-censored variables in the statistical model. The Tobit regression model provides an ideal remedy for this problem.
The final-stage involves the utilization of the Tobit regression results, the so-called second-stage DEA, to construct a series of adjusted input variables, as shown in Equation (3). Since these new input quantities have the capability of eliminating the environmental effects, we use them to re-run the DEA, thereby obtaining new efficiency scores.
Adjusted Input = Input + [(Input Slack in the Worst Environment) – (Input Slack)]   (3)
The 3-SDEA approach has been employed to carry out empirical calculations in several of the prior studies, such as Lee (2007) and Wang and Huang (2007), with both of these studies contending that in terms of research into cross-country efficiency, the adjustment of the environmental effects was consistently capable of providing more reasonable results.

4.2
Data
We analyze the innovation efficiency of only 24 of our sample countries, as opposed to the entire sample of 32 countries, using the abovementioned 3-SDEA approach. The exclusion of the other eight countries is attributable to data constraints. We construct two models, Models (1) and (2) – respectively excluding and including TBP indicators – with the overall aim of detecting the role of international technological exchange in the assessment of the innovation efficiency of each country. The descriptive statistics on the DEA of the innovation input and output variables for both models are presented in Table 5. 
<Table 5 is inserted about here>

The general rationale for selecting these input and output indicators, as well as their characteristics, has already been provided in the above section. In specific terms, in Model (1), domestic R&D stock over the 2001-2004 period is treated as the innovation input, whilst patent stock, the quality-adjusted patent h-index and the stock of academic papers over the 2005-2008 period are treated as the innovation outputs. In addition to all of the input and output variables used in Model (1), the stock of TBP payments (receipts) are included as additional innovation inputs (outputs) in Model (2). A four-year time lag is assumed between innovation inputs and innovation outputs.
The innovation input and output stocks are constructed using the perpetual inventory method, whilst also being deflated using the GDP deflator. The initial value of the stock is calculated according to the method proposed in Griliches (1990), and we also follow Hall and Ziedonis (2001) to use a depreciation rate of 0.15. The quality-adjusted patent h-index for each country over the 2005-2008 period is calculated based upon the patent counts of each country granted by the USPTO between 2005 and 2008, as well as their respective patent citation counts during the 2005-2010 period.
4.3
Empirical Results
The 3-SDEA results for Model (1) on the 24 sample countries are shown in Table 6, which excludes the TBP indicators, whilst those for Model (2) are shown in Table 7, which includes the TBP indicators. 
<Tables 6 and 7 are inserted about here>

4.3.1  Validity of the second-stage results
Prior to undertaking the analysis of the efficiency scores results, we first of all examine the so called second-stage Tobit regression results in order to assure the validity of our environmental adjustment. The environmental variables selected for this analysis are: (i) G7; (ii) English as the official language (ENGLISH); (iii) a higher education indicator (HIGHEDU); and (iv) an indicator of trade openness (TRADE).

The G7 dummy variable aims to separate the highly-industrialized countries from all of the other sample countries, as their abundant resources and innovative experience places them in advantageous positions; however, this effect does not necessarily improve their input efficiency, since it can cause a problem of decreasing returns to scale.
 Turning to the ENGLISH and HIGHEDU variables, these are regarded as two important and necessary skills relating to innovative activities; thus, we expect to find these variables having positive effects on input efficiency.
 The trade openness indicator is added into the Tobit regression essentially because it depicts the importance of international trade to any given country. 
According to the second-stage Tobit regression results, shown in Table 6 and 7, on the slack of domestic R&D stock to the selected environmental variables, the estimated coefficients on G7 and ENGLISH are found to be statistically significant in Model (1), whilst those on G7 and HIGHEDU are found to be significant in Model (2). Furthermore, the signs of the estimated coefficients on G7 are positive in both Models (1) and (2), which implies that domestic R&D resources are not utilized efficiently by G7 countries, as compared to their non-G7 counterparts. 
The signs of the estimated coefficients of ENGLISH in Model (1) and HIGHEDU in Model (2) are negative, which is consistent with our expectations of a positive effect on domestic R&D efficiency. Although TRADE is not found to be significant in either model, it does serve as a control variable relieving any bias in the other environmental variables. This outcome also provides clear evidence that technological trade is not necessarily related to trade openness; that is, technological trade is better treated as an issue relevant to international trade policies. 
As regards the Tobit regression results on the slack of international technology payments to the selected environmental variables shown in Table 7, the estimated coefficient of G7 is found to be significantly positive, which implies that G7 countries do not utilize their international technology payments efficiently, as compared to their non-G7 counterparts. This result indicates that the differences between the countries, in terms of both their innovation environment and their resources, have a strong likelihood of affecting their resource allocation, and thereby further undermining the validity of the calculation of the overall efficiency scores. In other words, we can alleviate these problems by utilizing the adjustment data to construct a new series of efficiency scores in Stage 3 of the DEA analysis. 
4.3.2  Comparison between the first- and third-stage results
Environmental adjustment leads to a discernible reduction in the efficiency scores of about half of the sample countries, as shown in Tables 6 and 7, thereby indicating a reasonable and acceptable trend. Combined with the examination of significance in the second-stage, as expected, we find that the third-stage efficiency scores exhibit less bias, and are therefore more appropriate for use in our further analysis. Thus, only the third-stage results are considered in the following sub-section.
4.3.3  Effects of technological trade with/without consideration of TBP
We begin with an examination of the CRS technical efficiency scores in Tables 6 and 7, from which we find that the US, the UK and Taiwan exhibit the most efficient allocation of their innovation research resources, regardless of whether the effects of technological trade are included or excluded. In contrast, Canada becomes inefficient with the inclusion of the effects of technological trade.
In line with the results of the conventional international comparative studies, when the effects of technological trade are excluded (as shown in Model (1) in Table 6), we find that the Nordic countries, such as Finland and Sweden, are less efficient in their innovative activities, whilst the highly-industrialized countries, such as Germany, Italy and Japan are found to be inefficient. However, when technological trade is taken into consideration (as shown in Model (2) in Table 7), these countries are all classified as efficient DMUs, which is a much more reasonable and accurate result. An interesting case here is Singapore, as this famous international hub is found to be excessively reliant upon external sourcing; this finding of imbalance, which leads to a very low efficiency score, is consistent with the study of the R&D environment in Singapore undertaken by Helble and Chong (2004).
The implications of our results are found to be more specific after releasing the CRS assumption, since we find that, with the exception of efficient DMUs, all other countries have an ‘increasing returns to scale’ label (Model (1), Table 6), which thereby indicates that raising input quantity will always be an efficient choice. However, this rather awkward result is redressed when TBP payment and receipts are included (Model (2), Table 7). Thus, if policymakers take only internal innovation indicators into consideration, it is highly likely that their policies, such as increases in domestic R&D expenditure, will prove to be wasteful.
Our empirical results suggest that any examination of innovation investment at national level should take into consideration both internal and external research sourcing. The application of appropriate proportions of external research sourcing can improve efficiency scores and also render the innovative process more economic, as measured by returns to scale; this is consistent with the findings of Spulber (2008) on innovation and international trade in technology. 
5. 
CONCLUSIONS
Conventionally, policymakers and researchers tend to relate national innovation policies only to internal R&D resources and outcomes; however, in the present study, we assert that if the authorities ignore the enormous impaccts of external innovation input sourcing and technological exports, then it is likely that their science and technology policies will follow inappropriate directions. We contend that data on ‘technological balance of payments’ (TBP) serves as a suitable source of information on international technological exchanges, and therefore incorporate TBP indicators into our empirical analyses of cross-country innovation efficiency with the aim of more accurately identifying the policy implications.
Our analysis begins with the examination of input shares, taking into consideration both domestic R&D and the importation of foreign technologies. We stress that policymakers should not simply observe technological trade deficits or surpluses, but instead, that they should consider the bigger picture of innovative activities. We also find that if we carry out an appropriate classification of country groups, a pattern emerges in the proportions of their innovation inputs. 
Turning to the bigger picture, TBP payments (receipts) are considered in this study as indicators of innovative activity inputs (outputs). We assess innovative investment efficiency, and the subsequent outcomes, employing ‘three-stage data envelopment analysis’ (3-SDEA) in order to reduce the bias arising from cross-country comparisons. Since time-lag effects are included between the inputs and outputs, the efficiency scores provide policymakers with the means of determining whether or not their previously implemented policies were appropriate. 
The DEA method again proves the importance of both internal and external sourcing; after taking measures to reduce the environmental effects, such as the level of industrialization, English language ability, educational level and openness, which is achieved by adjusting the input indicators, international technological trade continues to play a key role in innovative activities at national level.
More specifically, the results of the input share analysis reveal that the highly-industrialized ‘G8’ countries and non-OECD countries have a tendency to spend greater proportions of their innovation input budgets on internal sourcing, whilst OECD (excluding G8) countries tend to adopt relatively balanced investment allocation policies between internal and external research sourcing.

The empirical results of the 3-SDEA analysis on 24 countries show that the US, the UK and Taiwan allocate their innovation research resources most efficiently, regardless of whether the effects of technological trade are included or excluded, whilst Canada becomes inefficient after the inclusion of technological trade effects. The rather awkward finding of countries such as Germany, Italy, Japan, Finland and Sweden being inefficient is reversed after taking into consideration the effects of technological trade. These results provide solid evidence that external sourcing cannot be ignored, and that the use of TBP data is a reasonable method of capturing the effects of technology exchanges between countries. 
We concede that it is almost impossible to identify ‘perfect’ innovation indicators, and note that there are some limitations in the variables selected for use in the present study. Firstly, as described in the second section of this paper, TBP data cannot capture all disembodied technological flows. Secondly, 3-SDEA cannot simultaneously adjust input and output data; thus, this method, by its very nature, is more accurate with abundant data points. Furthermore, academic publications and USPTO data may potentially suffer from English language biases; that is, countries within which English is the official language may well have a natural advantage in patenting or in publishing their innovation results. 
Conversely, the actual quantity of new product sales, product improvements or process innovations are, of course, ideal indicators; however, the collection of this type of data is extremely difficult, as is the case for data on the quality adjustment of academic papers. Due to resource limitations, we are unable to determine an appropriate and reliable adjustment index for academic publications for use in cross-country comparisons. Furthermore, under the current data source constraints, it is also difficult for more sample countries to be included in such analyses without sacrificing the quality and appropriate classification of the data.
Nevertheless, we have attempted to make these indicators more valuable, and believe that the method developed in this study can serve as a tool for policymakers to pursue more appropriate directions and more efficient technological policies. Despite the difficulties in accessing sector-level data, further research should be conducted using such data, since it clearly has valuable potential for analysis. 
Table 1  Technology balance of payments in 32 countries (US$ million)
	Country
	2000
	
	2004
	
	2008

	
	Receipts
	Payments
	Receipts
	Payments
	Receipts
	 Payments

	Panel A:  G8 Countries

	Canada
	3,143.2 
	
	1,280.0 
	
	2,805.5 
	
	1,174.5 
	
	3,091.5 
	*
	1,435.8 
	*

	France
	2,741.8 
	
	2,644.2 
	
	3,688.5 
	*
	3,572.4 
	*
	4,250.6 
	*
	4,016.8 
	*

	Germany
	13,583.0 
	
	18,215.4 
	
	28,726.1 
	
	25,869.0 
	
	54,875.3 
	
	44,705.0 
	

	Italy
	2,806.6 
	
	3,505.4 
	
	3,861.5 
	
	4,069.8 
	
	5,388.5 
	
	4,840.0 
	

	Japan
	9,816.3 
	
	4,113.5 
	
	16,354.4 
	
	5,246.6 
	
	21,531.5 
	
	5,805.4 
	

	Russia
	204.0 
	
	183.6 
	
	379.6 
	
	818.7 
	
	872.1 
	
	2,217.5 
	

	UK
	19,997.5 
	
	9,364.1 
	
	37,344.8 
	
	16,487.2 
	
	45,267.5 
	
	26,224.1 
	

	US
	43,233.0 
	
	16,468.0 
	
	66,278.0 
	
	29,044.0 
	
	92,378.0 
	
	55,647.0 
	

	Average
	11,940.7
	
	6,971.8
	
	19,929.8
	
	10,785.3
	
	28,456.9
	
	18,111.5
	

	Panel B:  OECD Members

	Australia
	1,579.9 
	
	2,069.2 
	
	2,335.7 
	
	3,037.3 
	
	4,093.3 
	
	6,206.3 
	

	Austria
	1,687.0 
	
	1,234.6 
	
	3,817.5 
	
	2,561.7 
	
	8,256.5 
	
	5,045.5 
	

	Belgium
	4,088.4 
	
	3,460.6 
	
	5,743.5 
	
	5,506.5 
	
	9,319.2 
	
	11,619.0 
	

	Czech Republic
	249.3 
	
	435.4 
	
	249.0 
	
	615.0 
	
	2,453.2 
	
	2,303.0 
	

	Denmark
	2,387.0
	* 
	1,650.2
	* 
	3,846.4
	* 
	2,840.0
	* 
	7,294.2 
	
	5,916.3 
	

	Finland
	1,551.5 
	
	1,042.9 
	
	2,192.8 
	
	3,562.7 
	
	10,662.5 
	
	9,351.4 
	

	Greece
	139.4 
	
	407.6 
	
	338.1 
	
	773.3 
	
	857.9 
	
	1,432.0 
	

	Hungary
	249.3 
	
	396.6 
	
	1,194.9 
	
	2,294.1 
	
	3,068.1 
	
	4,018.4 
	

	Ireland
	2,866.7
	* 
	5,657.9
	* 
	19,850.6 
	
	23,370.8 
	
	37,780.8 
	
	42,545.9 
	

	Korea
	169.5
	* 
	2,044.7
	* 
	1,416.0 
	
	4,147.0 
	
	2,456.1
	* 
	5,730.9
	* 

	Luxembourg
	720.3
	* 
	301.7
	* 
	881.6 
	
	1,406.8 
	
	1,454.6 
	
	1,734.4 
	

	Netherlands
	8,682.2
	* 
	9,812.6
	* 
	19,501.6 
	
	17,084.6 
	
	30,507.4 
	
	23,412.9 
	

	Norway
	1,912.1 
	
	1,190.4 
	
	1,875.7 
	
	1,383.4 
	
	6,284.2 
	
	3,667.9 
	

	Poland
	188.4 
	
	1,097.1 
	
	554.9 
	
	2,027.4 
	
	2,960.0 
	
	4,790.5 
	

	Portugal
	294.8 
	
	677.2 
	
	538.9 
	
	881.6 
	
	1,798.1 
	
	1,702.1 
	

	Slovak Republic
	57.1 
	
	155.0 
	
	231.0 
	
	409.9 
	
	678.6 
	
	848.3 
	

	Spain
	2,388.4 
	
	3,664.6 
	
	3,765.4 
	
	6,917.6 
	
	8,925.2 
	
	9,258.7 
	

	Sweden
	5,281.2 
	
	5,635.1 
	
	9,308.0 
	
	7,038.2 
	
	17,844.9 
	
	12,371.3 
	

	Switzerland
	3,406.8 
	
	5,336.9 
	
	7,583.8 
	
	9,110.5 
	
	12,730.2 
	
	11,873.4 
	

	Average
	1,994.7
	
	2,435.3
	
	4,485.5
	
	4,998.3
	
	8,917.1
	
	8,622.5
	

	Panel C:  Non-OECD Members

	China
	2,336.2 
	
	5,524.6 
	
	3,959.6 
	
	12,162.1 
	
	7,220.3 
	
	31,135.5 
	

	Romania
	7.2 
	
	6.0 
	
	2.5 
	
	13.6 
	
	29.3 
	
	111.2 
	

	Singapore
	895.8 
	
	6,233.1 
	
	2,026.2 
	
	10,092.9 
	
	5,725.0 
	
	17,011.4 
	

	South Africa
	40.2 
	
	244.8 
	
	37.2 
	
	886.7 
	
	53.2 
	
	1,662.1 
	

	Taiwan
	126.5 
	
	1,304.3 
	
	267.5 
	
	1,560.5 
	
	626.9 
	
	2,400.5 
	

	Average
	681.2
	
	2,662.6
	
	1,258.6
	
	4,943.2
	
	2,730.9
	
	10,464.1
	


Note: * Figures marked with an asterisk (*) denote missing original data; the data are obtained by linear interpolation of the closest years’ observations.

Table 2  Ratio of technology balance of payments in 32 countries

	Country
	2000
	
	2004
	
	2008

	
	Receipts/Payments
	Receipts/Payments
	Receipts/ Payments

	Panel A:  G8 Countries

	Canada
	2.46
	2.39
	2.15

	France
	1.04
	1.03
	1.06

	Germany
	0.75
	1.11
	1.23

	Italy
	0.80
	0.95
	1.11

	Japan
	2.39
	3.12
	3.71

	Russia
	1.11
	0.46
	0.39

	UK
	2.14
	2.27
	1.73

	US
	2.63
	2.28
	1.66

	Average
	1.67
	1.70
	1.63

	Panel B:  OECD Members

	Australia
	0.76
	0.77
	0.66

	Austria
	1.37
	1.49
	1.64

	Belgium
	1.18
	1.04
	0.80

	Czech Republic
	0.57
	0.40
	1.07

	Denmark
	1.45
	1.35
	1.23

	Finland
	1.49
	0.62
	1.14

	Greece
	0.34
	0.44
	0.60

	Hungary
	0.63
	0.52
	0.76

	Ireland
	0.51
	0.85
	0.89

	Korea
	0.08
	0.34
	0.43

	Luxembourg
	2.39
	0.63
	0.84

	Netherlands
	0.88
	1.14
	1.30

	Norway
	1.61
	1.36
	1.71

	Poland
	0.17
	0.27
	0.62

	Portugal
	0.44
	0.61
	1.06

	Slovak Republic
	0.37
	0.56
	0.80

	Spain
	0.65
	0.54
	0.96

	Sweden
	0.94
	1.32
	1.44

	Switzerland
	0.64
	0.83
	1.07

	Average
	0.87
	0.79
	1.00

	Panel C:  Non-OECD Members

	China
	0.42
	0.33
	0.23

	Romania
	1.19
	0.18
	0.26

	Singapore
	0.14
	0.20
	0.34

	South Africa
	0.16
	0.04
	0.03

	Taiwan
	0.10
	0.17
	0.26

	Average
	0.40
	0.18
	0.22


Table 3  Innovation inputs a
	Country
	2000
	2004
	2008

	
	Domestic R&D Expenditure
	TBP Expenditure
	
	Domestic R&D Expenditure
	TBP Expenditure
	
	Domestic R&D Expenditure
	 TBP Expenditure

	
	 US$
	%
	US$
	%
	   US$
	%
	US$
	%
	   US$
	%
	  US$
	%

	Panel A:  G8 Countries

	Canada
	16,689.6
	
	93
	1,280.0
	
	7
	21,766.4
	95
	1,174.5
	
	5
	23,887.9
	94
	1,435.8
	*
	6

	France
	32,957.1
	
	93
	2,644.2
	
	7
	37,985.7
	91
	3,572.4
	*
	9
	46,262.3
	92
	4,016.8
	*
	8

	Germany
	52,341.9
	
	74
	18,215.4
	
	26
	61,329.9
	70
	25,869.0
	
	30
	81,849.4
	65
	44,705.0
	
	35

	Italy
	15,246.6
	
	81
	3,505.4
	
	19
	17,482.6
	81
	4,069.8
	
	19
	24,510.2
	84
	4,840.0
	
	16

	Japan
	98,896.0
	
	96
	4,113.5
	
	4
	117,453.0
	96
	5,246.6
	
	4
	148,719.2
	96
	5,805.4
	
	4

	Russia
	10,494.7
	
	98
	183.6
	
	2
	16,969.5
	95
	818.7
	
	5
	30,058.4
	93
	2,217.5
	
	7

	UK
	27,855.0
	
	75
	9,364.1
	
	25
	32,023.9
	66
	16,487.2
	
	34
	40,096.4
	60
	26,224.1
	
	40

	US
	268,121.0
	
	94
	16,468.0
	
	6
	300,293.0
	91
	29,044.0
	
	9
	398,194.0
	88
	55,647.0
	
	12

	Average
	65,325.2
	
	88
	6,971.8
	
	12
	75,663.0
	86
	10,785.3
	
	14
	99,197.2
	84
	18,111.5
	
	16

	Panel B:  OECD Members

	Australia
	7,941.8
	
	79
	2,069.2
	
	21
	11,698.0
	79
	3,037.3
	
	21
	18,755.0
	75
	6,206.3
	
	25

	Austria
	4,474.4
	
	78
	1,234.6
	
	22
	6,005.6
	70
	2,561.7
	
	30
	8,868.2
	64
	5,045.5
	
	36

	Belgium
	5,570.6
	
	62
	3,460.6
	
	38
	6,029.4
	52
	5,506.5
	
	48
	7,737.3
	40
	11,619.0
	
	60

	Czech Republic
	1,863.4
	
	81
	435.4
	
	19
	2,455.8
	80
	615.0
	
	20
	3,953.7
	63
	2,303.0
	
	37

	Denmark
	3,441.6
	*
	68
	1,650.2
	*
	32
	4,336.7
	60
	2,840.0
	*
	40
	6,225.2
	51
	5,916.3
	
	49

	Finland
	4,444.7
	
	81
	1,042.9
	
	19
	5,388.6
	60
	3,562.7
	
	40
	7,472.9
	44
	9,351.4
	
	56

	Greece
	1,193.0
	*
	75
	407.6
	
	25
	1,469.1
	66
	773.3
	
	34
	1,943.4
	58
	1,432.0
	
	42

	Hungary
	976.7
	
	71
	396.6
	
	29
	1,437.7
	39
	2,294.1
	
	61
	2,069.0
	34
	4,018.4
	
	66

	Ireland
	1,222.3
	
	18
	5,657.9
	*
	82
	1,830.1
	7
	23,370.8
	
	93
	2,754.2
	6
	42,545.9
	
	94

	Korea
	18,558.5
	
	90
	2,044.7
	*
	10
	27,878.8
	87
	4,147.0
	
	13
	43,906.4
	88
	5,730.9
	*
	12


Table 3  (Contd.) a
	Country
	2000
	2004
	2008

	
	Domestic R&D Expenditure
	TBP Expenditure
	
	Domestic R&D Expenditure
	TBP Expenditure
	
	Domestic R&D Expenditure
	  TBP Expenditure

	
	 US$
	%
	US$
	%
	   US$
	%
	US$
	%
	   US$
	%
	   US$
	%

	Panel B:  OECD Members (Contd.)

	Luxembourg
	387.1
	
	56
	301.7
	*
	44
	485.4
	26
	1,406.8
	
	74
	683.7
	28
	1,734.4
	
	72

	Netherlands
	8,542.6
	
	47
	9,812.6
	*
	53
	10,419.9
	38
	17,084.6
	
	62
	12,419.2
	35
	23,412.9
	
	65

	Norway
	2,420.2
	*
	67
	1,190.4
	
	33
	3,090.4
	69
	1,383.4
	
	31
	4,733.3
	56
	3,667.9
	
	44

	Poland
	2,604.6
	
	70
	1,097.1
	
	30
	2,770.7
	58
	2,027.4
	
	42
	4,159.7
	46
	4,790.5
	
	54

	Portugal
	1,324.1
	
	66
	677.2
	
	34
	1,551.1
	64
	881.6
	
	36
	3,984.7
	70
	1,702.1
	
	30

	Slovak Republic
	384.2
	
	71
	155.0
	
	29
	403.9
	50
	409.9
	
	50
	593.4
	41
	848.3
	
	59

	Spain
	7,789.4
	
	68
	3,664.6
	
	32
	11,787.4
	63
	6,917.6
	
	37
	20,434.8
	69
	9,258.7
	
	31

	Sweden
	9,305.7
	*
	62
	5,635.1
	
	38
	10,451.9
	60
	7,038.2
	
	40
	13,448.9
	52
	12,371.3
	
	48

	Switzerland
	5,765.1
	
	52
	5,336.9
	
	48
	7,471.5
	45
	9,110.5
	
	55
	10,512.7
	47
	11,873.4
	
	53

	Average
	4,642.6
	
	66
	2,435.3
	
	34
	6,155.9
	57
	4,998.3
	
	43
	9,192.4
	51
	8,622.5
	
	49

	Panel C:  Non-OECD Members

	China
	26,462.4
	
	83
	5,524.6
	
	17
	57,360.4
	83
	12,162.1
	
	17
	120,613.5
	79
	31,135.5
	
	21

	Romania
	468.2
	
	99
	6.0
	
	1
	732.5
	98
	13.6
	
	2
	1,877.7
	94
	111.2
	
	6

	Singapore
	2,470.9
	
	28
	6,233.1
	
	72
	3,669.3
	27
	10,092.9
	
	73
	6,575.7
	28
	17,011.4
	
	72

	South Africa
	1,909.4
	*
	89
	244.8
	
	11
	3,164.9
	78
	886.7
	
	22
	4,682.1
	74
	1,662.1
	
	26

	Taiwan
	8,764.1
	
	87
	1,304.3
	
	13
	13,109.1
	89
	1,560.5
	
	11
	20,536.8
	90
	2,400.5
	
	10

	Average
	8,015.0
	
	77
	2,662.6
	
	23
	15,607.2
	75
	4,943.2
	
	25
	30,857.2
	73
	10,464.1
	
	27


Note: 
a    Innovation Input = (Domestic R&D Expenditure) + (TBP Expenditure).

b    Figures marked with an asterisk (*) denote missing original data; the data are obtained by linear interpolation of the closest years’ observations.
Table 4  Innovation outputs

	Country
	2004
	
	2008

	
	Patent   Counts    (No.)
	Academic Papers   (No.)
	Technology Receipts         (US$ million)
	Patent   Counts    (No.)
	Academic Papers   (No.)
	Technology Receipts      (US$ million)

	Panel A:  G8 Countries

	Canada
	3,627
	37,626
	2,805.5
	3,302
	52,257
	3,091.5

	France
	3,409
	48,826
	3,688.5
	3,338
	63,321
	4,250.6

	Germany
	10,965
	69,111
	28,726.1
	9,623
	86,112
	54,875.3

	Italy
	1,571
	37,297
	3,861.5
	1,554
	49,841
	5,388.5

	Japan
	37,507
	73,419
	16,354.4
	37,369
	79,388
	21,531.5

	Russia
	69
	24,764
	379.6
	74
	27,605
	872.1

	UK
	2,501
	71,787
	37,344.8
	2,524
	88,824
	45,267.5

	US
	96,457
	271,546
	66,278.0
	95,182
	332,916
	92,378.0

	Average
	19,513 
	79,297 
	19,929.8 
	19,121 
	97,533 
	28,456.9 

	Panel B:  OECD Members

	Australia
	949
	24,231
	2,335.7
	1,435
	36,111
	4,093.3

	Austria
	372
	8,346
	3,817.5
	325
	10,964
	8,256.5

	Belgium
	463
	11,799
	5,743.5
	415
	15,853
	9,319.2

	Czech Rep.
	10
	5,392
	249.0
	24
	8,510
	2,453.2

	Denmark
	490
	8,396
	3,846.4
	510
	10,775
	7,294.2

	Finland
	1,203
	7,965
	2,192.8
	1,170
	9,686
	10,662.5

	Greece
	11
	6,888
	338.1
	17
	10,453
	857.9

	Hungary
	35
	–
	1,194.9
	37
	–
	3,068.1

	Ireland
	153
	–
	19,850.6
	180
	–
	37,780.8

	Korea
	4,732
	22,662
	1,416.0
	8,958
	35,391
	2,456.1

	Luxembourg
	83
	–
	881.6
	72
	–
	1,454.6

	Netherlands
	2,486
	21,286
	19,501.6
	2,442
	28,083
	30,507.4

	Norway
	234
	5,713
	1,875.7
	228
	8,633
	6,284.2

	Poland
	7
	13,384
	554.9
	52
	19,362
	2,960.0

	Portugal
	12
	–
	538.9
	30
	–
	1,798.1

	Slovak Rep.
	7
	–
	231.0
	2
	–
	678.6

	Spain
	213
	27,330
	3,765.4
	289
	41,362
	8,925.2

	Sweden
	1,509
	15,764
	9,308.0
	1,440
	18,947
	17,844.9

	Switzerland
	1,850
	15,496
	7,583.8
	1,991
	20,845
	12,730.2

	Average
	780 
	13,904 
	4,485.5 
	1,032 
	19,641 
	8,917.1 

	Panel C:  Non-OECD Members

	China
	977
	54,794
	3,959.6
	2,083
	112,318
	7,220.3

	Romania
	1
	–
	2.5
	3
	–
	29.3

	Singapore
	301
	–
	2,026.2
	648
	–
	5,725.0

	South Africa
	96
	–
	37.2
	93
	–
	53.2

	Taiwan
	7,600
	13,621
	267.5
	8,485
	22,509
	626.9

	Average
	1,795 
	34,208 
	1,258.6 
	2,262 
	67,414 
	2,730.9 


Table 5  Descriptive statistics of innovation inputs and outputs for DEA efficiency analysis

	Variables
	 Mean
	 S.D.
	  Max.
	  Min.

	Model (1)
	
	
	
	

	Input variables
	
	
	
	

	Domestic R&D stock (1995~1999)
	1781.56 
	3466.25 
	68 
	14515 

	TBP payments stock (1995~1999)
	    –
	    –
	    –
	   –

	Output Variables
	
	
	
	

	Patent stock (2000~2005)
	49058.39 
	126468.70 
	15 
	523316 

	Patent-quality-adjusted h-index (2000~2005)
	49.94 
	43.70 
	2 
	189 

	Academic paper stock (2000~2005)
	280214.70 
	447460.60 
	15352 
	1938039 

	TBP Receipts stock (2000~2005)
	    –
	    –
	    –
	   –

	Model (2)
	
	
	
	

	Input variables
	
	
	
	

	Domestic R&D stock (1995~1999)
	1781.56 
	3466.25 
	68 
	14515 

	TBP payments stock (1995~1999)
	187.17 
	216.36 
	6 
	845 

	Output Variables
	
	
	
	

	Patent stock (2000~2005)
	49058.39 
	126468.70 
	15 
	523316 

	Patent-quality-adjusted h index (2000~2005)
	49.94 
	43.70 
	2 
	189 

	Academic paper stock (2000~2005)
	280214.70 
	447460.60 
	15352 
	1938039 

	TBP Receipts stock (2000~2005)
	429.44 
	752.05 
	1 
	3050 


Table 6  DEA results from Model (1) (excluding TBP indicators) 
	Country
	Efficient Scores from Stage-I DEA
	
	Efficient Scores from Stage-III DEA

	
	CRSTE
	PTE
	S.E.
	RTS
	
	CRSTE
	PTE
	S.E.
	RTS

	Panel A:  G7 Countries
	
	
	
	
	
	
	
	
	

	Canada
	0.6190
	0.9500
	0.6510
	drs
	
	1.0000
	1.0000
	1.0000
	crs

	France
	0.4530
	0.6990
	0.6470
	drs
	
	0.9670
	1.0000
	0.9670
	irs

	Germany
	0.4540
	0.7360
	0.6160
	drs
	
	0.9120
	0.9130
	0.9990
	irs

	Italy
	0.4250
	0.6880
	0.6170
	drs
	
	0.9640
	1.0000
	0.9640
	irs

	Japan
	0.4910
	0.7550
	0.6500
	drs
	
	0.8470
	0.8550
	0.9910
	irs

	UK
	0.5620
	1.0000
	0.5620
	drs
	
	1.0000
	1.0000
	1.0000
	crs

	US
	0.6220
	1.0000
	0.6220
	drs
	
	1.0000
	1.0000
	1.0000
	crs

	Panel B:  OECD Members
	
	
	
	
	
	
	
	
	

	Australia
	0.6070
	0.9360
	0.6480
	drs
	
	0.5240
	0.6120
	0.8570
	irs

	Austria
	0.4130
	0.4210
	0.9800
	drs
	
	0.3300
	0.7790
	0.4240
	irs

	Belgium
	0.5350
	0.6440
	0.8310
	drs
	
	0.5720
	1.0000
	0.5720
	irs

	Czech Rep.
	0.3940
	0.4030
	0.9780
	irs
	
	0.1990
	0.8680
	0.2300
	irs

	Finland
	1.0000
	1.0000
	1.0000
	crs
	
	0.9160
	1.0000
	0.9160
	irs

	Greece
	1.0000
	1.0000
	1.0000
	crs
	
	0.2990
	0.9660
	0.3090
	irs

	Hungary
	0.8600
	0.8790
	0.9780
	irs
	
	0.2280
	0.9690
	0.2350
	irs

	Norway
	0.6450
	0.6490
	0.9940
	irs
	
	0.4190
	1.0000
	0.4190
	irs

	Poland
	0.6840
	0.9820
	0.6970
	drs
	
	0.4110
	0.8790
	0.4670
	irs

	Portugal
	0.6710
	0.6820
	0.9830
	irs
	
	0.1870
	0.8980
	0.2090
	irs


Table 6  (Contd.) 

	Country
	Efficient Scores from Stage-I DEA
	
	Efficient Scores from Stage-III DEA

	
	CRSTE
	PTE
	S.E.
	RTS
	
	CRSTE
	PTE
	S.E.
	RTS

	Panel B:  OECD Members (Contd.)

	Slovak Rep.
	0.6300
	0.9860
	0.6390
	irs
	
	0.0720
	1.0000
	0.0720
	irs

	Spain
	0.6270
	1.0000
	0.6270
	drs
	
	0.8280
	0.9900
	0.8360
	irs

	Sweden
	0.7170
	0.7920
	0.9050
	drs
	
	0.7370
	0.9000
	0.8190
	irs

	Panel C:  Non-OECD Members

	Romania
	0.9430
	1.0000
	0.9430
	irs
	
	0.1080
	0.9980
	0.1080
	irs

	Russia
	0.3540
	0.6130
	0.5770
	drs
	
	0.5670
	0.7430
	0.7630
	irs

	Singapore
	0.9700
	0.9740
	0.9950
	irs
	
	0.4410
	0.8060
	0.5460
	irs

	Taiwan
	1.0000
	1.0000
	1.0000
	crs
	
	1.0000
	1.0000
	1.0000
	crs


	Regressor
	2nd Stage Tobit Regression

	
	Slack of Domestic R&D Stock

	
	 Coeff.
	S.E.

	Constant
	–24775.9
	–1.39
	

	G7
	60435.2
	3.82
	***

	ENGLISH
	–59181.8
	–3.23
	***

	HIGHEDU
	747.8
	1.39
	

	TRADE
	175.1
	0.90
	

	Sigma σ
	28245.3
	5.55
	***

	Log likelihood
	–203.79367

	No. of Obs.
	24

	Left censored Obs.
	7


Table 7  DEA results from Model (2) (including TBP indicators) 
	Country
	Efficient Scores from Stage-I DEA
	
	Efficient Scores from Stage-III DEA

	
	CRSTE
	PTE
	S.E.
	RTS
	
	CRSTE
	PTE
	S.E.
	RTS

	Panel A:  G7 Countries
	
	
	
	
	
	
	
	
	

	Canada
	0.8160
	1.0000
	0.8160
	drs
	
	0.7050
	0.7710
	0.9140
	drs

	France
	0.6120
	0.8270
	0.7410
	drs
	
	0.9630
	1.0000
	0.9630
	drs

	Germany
	0.6330
	0.9510
	0.6660
	drs
	
	1.0000
	1.0000
	1.0000
	crs

	Italy
	0.5160
	0. 7650
	0.6750
	drs
	
	1.0000
	1.0000
	1.0000
	crs

	Japan
	1.0000
	1.0000
	1.0000
	crs
	
	1.0000
	1.0000
	1.0000
	crs

	UK
	1.0000
	1.0000
	1.0000
	crs
	
	1.0000
	1.0000
	1.0000
	crs

	US
	1.0000
	1.0000
	1.0000
	crs
	
	1.0000
	1.0000
	1.0000
	crs

	Panel B:  OECD Members
	
	
	
	
	
	
	
	
	

	Australia
	0.7880
	1.0000
	0.7880
	drs
	
	0.4790
	0.5040
	0.9510
	irs

	Austria
	0.9170
	0.9210
	0.9960
	drs
	
	0.7340
	1.0000
	0.7340
	irs

	Belgium
	0.9810
	0.9860
	0.9950
	drs
	
	0.8830
	1.0000
	0.8830
	irs

	Czech Rep.
	0.8800
	0.9140
	0.9620
	drs
	
	0.4580
	0.9650
	0.4740
	irs

	Finland
	1.0000
	1.0000
	1.0000
	crs
	
	1.0000
	1.0000
	1.0000
	crs

	Greece
	1.0000
	1.0000
	1.0000
	crs
	
	0.4670
	0.8280
	0.5630
	irs

	Hungary
	1.0000
	1.0000
	1.0000
	crs
	
	0.5210
	1.0000
	0.5210
	irs

	Norway
	1.0000
	1.0000
	1.0000
	cs
	
	0.5840
	0.7900
	0.7390
	irs

	Poland
	0.8720
	1.0000
	0.8720
	drs
	
	0.6710
	0.9410
	0.7130
	irs

	Portugal
	0.8950
	0.9130
	0.9810
	irs
	
	0.3630
	0.7870
	0.4610
	irs


Table 7  (Contd.) 

	Country
	Efficient Scores from Stage-I DEA
	
	Efficient Scores from Stage-III DEA

	
	CRSTE
	PTE
	S.E.
	RTS
	
	CRSTE
	PTE
	S.E.
	RTS

	Panel B:  OECD Members (Contd.)

	Slovak Rep.
	0.8350
	1.0000
	0.8350
	irs
	
	0.1980
	1.0000
	0.1980
	irs

	Spain
	0.7720
	1.0000
	0.7720
	drs
	
	0.9070
	0.9640
	0.9410
	irs

	Sweden
	1.0000
	1.0000
	1.0000
	crs
	
	1.0000
	1.0000
	1.0000
	crs

	Panel C:  Non-OECD Members

	Romania
	1.0000
	1.0000
	1.0000
	crs
	
	0.2020
	0.7330
	0.2750
	irs

	Russia
	0.4060
	1.0000
	0.4060
	drs
	
	0.6890
	0.7400
	0.9310
	irs

	Singapore
	1.0000
	1.0000
	1.0000
	crs
	
	0.4190
	0.5070
	0.8260
	irs

	Taiwan
	1.0000
	1.0000
	1.0000
	crs
	
	1.0000
	1.0000
	1.0000
	crs


	Regressor
	2nd Stage Tobit Regression 

	
	Model (1)
	Model (2)

	
	Slack of Domestic R&D Stock
	
	Slack of Technology Payments Stock

	
	 Coeff.
	S.E.
	 Coeff.
	S.E.

	Constant
	–10083.8
	–0.90
	
	–21186.6
	–1.11
	

	G7
	33640.6
	4.11
	***
	45581.8
	3.00
	***

	ENGLISH
	–70243.3
	–0.00
	***
	–120506.6
	–0.00
	***

	HIGHEDU
	–413.3
	–1.71
	
	–791.8
	–1.67
	

	TRADE
	228.2
	1.48
	
	466.4
	1.60
	

	Sigma σ
	8778.2
	3.62
	***
	15961.6
	3.77
	***

	Log likelihood
	–77.106406
	–80.581003

	No. of Obs.
	24
	24

	Left censored Obs.
	7
	17








You begin with a comparison between ‘domestic’ R&D, but then drop the word ‘domestic’ in the OECD countries.














In order to remain consistent with the vast majority of prior studies, you should refer to Models using Arabic numbers, as apposed to alphabetical terms.
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�  International technology transfer can take many forms, since it can be embodied in intermediate inputs, capital goods or people, and can also be bought and sold in disembodied form. Of the various technological flows, only those implying a commercial transaction at international level are registered on a regular basis in the national balances of payments.


�  Since data envelopment analysis requires highly accurate data, we eliminate those countries with important missing data (largely resulting from TBP data). 


�  G7 is used here, as opposed to G8, essentially because the OECD does not list Russia in the ‘developed country’ list, whilst it is also not listed as an advanced economy by the IMF (http://www.imf.org/ external/pubs/ft/weo/2010/02/pdf/c4.pdf#ae). Given that Russia is not classified as a highly-industrialized nation according to objective evidence, this country is excluded from the dummy variable.


�  Krugman(1999) also pointed out that English ability has a positive effect on national growth.
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