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Abstract 

The innovative capacity of national technology possesses crucial status in the process of 
technological development. Constant innovation is required to facilitate national 
competitiveness. Although numerous studies have indicated the importance of technological 
innovation, few have focused on the national essential technological strength. The current 
study determined the national essential technological strength in various countries from the 
perspective of patent analysis. In addition, we investigated the research and development 
efficiencies of quality technology strengths in various countries to provide a reference and 
recommendation for the government. In this study, we adopted the data envelopment analysis 
method for analyzing the national essential technological strengths and efficiencies of the 
major patent countries and analyzed the variations in interperiod efficiencies and total factor 
productivities of various countries to oversee the dynamic changes. The results indicated that 
the United States, Singapore, Taiwan, and China exhibited satisfactory strengths and 
efficiencies in national essential technological strength, and those of China have grown 
substantially in recent years. 

Keywords: Essential technological strength, Data envelopment analysis, Patent analysis, 
Efficiency analysis, National innovation strength
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1. Introduction  

Intellectual properties can be interpreted as the fruit of human wisdom, result of creation, and 
specifically, intangible product generated from the activities of creation based on human 
ideas. Patent right is one of the rights of intellectual properties. In addition to protecting the 
legal effectiveness of patentees’ inventions, patent rights are considered as an indicator for 
measuring the research and development (R&D) energy of technological innovation within a 
country, region, enterprise, or organization. Along with the arrival of the knowledge economy, 
crucial economies worldwide have begun emphasizing economic values generated from 
intangible assets. The values derived from the intellectual properties have become a key 
factor of economic growth (Laitner and Stolyarov, 2013). Increasing numbers of 
manufacturers have invested more capital on intangible assets than on physical assets. This 
change has also been reflected on various national economic and systematic reforms in the 
recent years. Among the intangible assets, patents are most capable of generating noticeable 
interests and revenues for enterprises. Numerous transnational research institutes and 
companies use patent statistics and analyses as crucial indicators for measuring the R&D 
energy of nations and enterprises (Faber and Hesen, 2004; Narin, 1995; Schmoch, 1999).  

Therefore, researchers and policymakers have used patent literature data to analyze the 
growth and development of technological innovation in the recent years (Holgersson, 2013; 
OECD, 2009; Park and Yoon, 2014; Sternitzke, 2009). In contrast to other technological 
indicators, such as R&D personnel and funding, patent data can provide unique and detailed 
information on invention activities. Patent analysis has progressively gained substantial 
attention; for example, Griliches (1990) used patent data for evaluating economic power in 
his paper, which has become a classic study. Thus, this reflected the common application of 
patent statistical data in academia. In another example, in 1994, the Organization for 
Economic Co-operation and Development (OECD) first published the Patent Manual in 
which immense statistical data was used for monitoring patent application activities (OECD, 
1994). A number of companies even achieved substantial development by selling commercial 
patent intelligence by using these statistical methods. Moreover, an increasing number of 
patent data can be obtained electronically from databases such as the United States Patent and 
Trademark Office. 

Previous studies constitute a diverse research base regarding patent analysis (i.e., 
technological performance of specific and emerging domains [Chen et al., 2013; Lei et al., 
2013], diffusion of knowledge and evolution of dynamic technologies [Kumazawa and 
Gomis-Porqueras, 2012; Park et al., 2012], and economic values of inventions [Griliches, 
1990; Pakes, 1986]). In addition, patent application conditions in the past can be used to 
predict prospective patent application conditions of specific nations, institutions, and 
companies (OECD, 2009). Nevertheless, few analyses of the R&D efficiencies of various 
nations from the perspective of patents have been performed. Specifically, no relevant studies 
have used the strength of national quality technology as the output variable for determining 
R&D efficiencies. The numbers of patents and referred patents have mostly been used as 
measuring indicators for patent R&D output variables (Wu and Tseng, 2006). However, these 
methods of measurement comprised possible errors, such as the size of nations and 
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consistency of patent qualities. Thus, this study adopted the relative national essential 
technological strength indicator as an output variable for measuring the R&D efficiencies of 
nations. 

This study determined the technological strengths of various nations by using patent analysis 
primarily through statistical analysis and comparison of various information related to patent 
documents. The results were presented as graphical information and intelligence to provide 
policymakers with a basis for investigating the statuses of technological development in 
various nations. The investigations involved adopting various patent analysis models. First, 
we analyzed the overall granted patent trend in various nations to determine the patent 
development statuses of various nations. Second, we determined the impact exerted by the 
major patent nations. By using calculating indicators, we determined the impact of various 
major patent nations and indicated the advantageous technological strengths of these nations. 
Finally, we used the data envelopment analysis (DEA) method for investigating the patent 
R&D efficiencies of various nations. 

2. Literature Review 

2.1 Patent Data and Technological Activities 

Patent making is a means for protecting enterprise, institutional, or personal inventions or 
creations; thus, patents can be used as indicators of invention. Patent indicators can be used 
for communicating information on the processes and results of inventive or creative activities. 
Numerous studies have indicated that patent quantities are related to other performance 
indicators (i.e., productivity or market value) (Chen et al., 2013; Fung, 2005; Hall et al., 
2005). Statistical studies on patent data can provide unique insights into innovative processes, 
particularly for providing relevant information on the geographic positions of technological 
domains and inventions. 

Another major advantage of patent data is to obtain extensive technological development 
information at relatively low costs. Patent databases have been prepared by patent offices for 
auditing patents and managing information communications. These databases have been 
initially created for internal use by the patent office. Currently, patent data is open for public 
access on the Internet. The reduction of computer costs in recent years has enabled large scale 
and easy public accessibility to these data. Nevertheless, patent indicators are flawed; not all 
inventions become patented. Companies can select other means to keep their information 
confidential or rely on other mechanisms to obtain a leading edge in the market; thus, patent 
data must be used cautiously. In addition, only a few patents consist of extremely advanced 
technologies and economic value, and numerous patents never find applications. Therefore, 
individual patent quality varies dramatically (Cheng et al., 2010; Lanjouw and Schankerman, 
2004). Simply conducting a patent count with equal patent weighting can be misleading, 
particularly on a small sample size. 

Finally, current technological development can be determined using published literature, 
technologically relevant conference papers, and patent data. Patents have the benefit of 
protecting R&D accomplishments; thus, enterprises tend to publish research 



Journal of Management Research 
ISSN 1941-899X 

2015, Vol. 7, No. 4 

www.macrothink.org/jmr 24

accomplishments using patents. In addition, researchers and enterprises can shorten the 
funding and research period by exploiting patent information (Narin, 1995; Narin et al., 1997). 
Information provided by patents can be used to identify the technological information of 
competitors and effectively allocate R&D resources. A nation’s patents represent its 
technological type and advantage. Patent analysis can be used to determine technological 
expertise and history and activities associated with the technological development of various 
nations (OECD, 2009). 

2.2 Timing and Process of Patent Analyses 

Patent analysis refers to the process of organizing various patent-related data by using 
statistical methods into graphical information that can be analyzed and interpreted. Patent 
data are the raw documents of patents and are open data (i.e., patent specification and patent 
gazette). Patent analysis can convert fragmented patent data into systematic and valuable 
patent knowledge. Patent analysis can be considered an effective tool for planning 
technological R&D and managing intellectual property rights as well as a basis for analyzing 
technological competitions and overall development directions (Hall et al., 1986). Regarding 
patent analysis studies, some examples include comparing catch-up modes in technological 
innovations of various nations (Wang and Tsai, 2010), evaluating the centrality and 
betweenness characteristic of technological networks to plan national R&D directions and 
strategies (Park and Yoon, 2014), or measuring the innovative capacities of nations (Faber 
and Hesen, 2004). The aforementioned studies have attempted to determine the overall 
directions of technological development and innovative capacities of various nations by 
applying quantitative methods (which refers to using various statistical techniques for 
resolving output data and relevant literature information for determining the technological 
status and overall prospective development direction). Patents are audited and obtained from 
authorities, such as national patent offices, who make announcements following legal 
procedures. Thus, the credibility and reliability of the statistical information are 
comparatively high.  

To nations and industries, analysis based on patent information provides a crucial tool of 
reference in R&D processes. For example, analyzing the reference literature of tens of 
thousands of data from the patent database can determine the overall or key development 
direction of a nation or industry. In addition, enterprises can analyze their competitiveness by 
applying these analysis methods. However, this represents only one of the values of patent 
analysis. When elements in the patent information (i.e., patentee, nations, era, and referenced 
literature) are cross-tabulated, the results provide a firm ground for the competitiveness of 
nations, industries, and enterprises. Patent data are raw patent documents and must be 
converted to patent information by performing patent analysis, which subsequently converts 
patent data into patent intelligence. Nations and industries can then access these processes 
and results in records to formulate technological development strategies.  

From a national or industrial perspective, patent timing can be divided into strategic and 
tactical levels. Regarding strategies, when nations plan to become involved in an emerging 
industry, they can use the patent database to determine the technological status and 



Journal of Management Research 
ISSN 1941-899X 

2015, Vol. 7, No. 4 

www.macrothink.org/jmr 25

prospective development direction of the industry, and by performing competitor analysis, 
these nations can determine their technological gap with other nations for subsequent patent 
protfolio, market development, and resource searching. Regarding the tactical level, nations 
can trace specific products prior to product development for determining and analyzing the 
patents and technologies of competitor products to prevent being drawn into patent ambush in 
subsequent product development processes. Table 1 shows the applications of patent analysis 
in nations and industries. 

Table 1. National and industrial applications of patent analysis 

Application items Researchers 
The evaluation of the patents’ economic values toward the 
assignees and the rewards generated by innovation: Patent 
ownership yields high rewards and potential market sizes 

Ernst (1995); Pakes (1986); 
Reitzig (2003); 
Schankerman and Pakes 
(1986)  

The evaluation of the correlation between patents and 
economic growth, economic performance, and competitiveness 
is conducted 

Atun et al. (2007); Hu and 
Peng (2013); Schmookler 
(1966) 

The evaluation of the correlation between patents and national 
and industrial technology development, as well as the 
performance improvement is conducted  

Park and Yoon (2014); 
Wang and Tsai (2010) 

Correlation between patents and the knowledge economy, 
innovative activities, and national innovative capacities is 
determined. 

Faber and Hesen (2004); 
Geradin et al. (2012);  

The influence that performing technological transfer, industrial 
cooperation, and industrial alliance through patent analysis has 
on nations and industries is determined 

Park et al. (2012); 
Kumazawa and 
Gomis-Porqueras (2012) 

The influence that protection and assurance of patent law and 
the related activities of intellectual property right have on 
national and industrial developments 

Iwaisako and Futagami 
(2013); Qian (2007) 

3. Research Methods 

This study quantitatively analyzed and evaluated the trend, impact, and strength of research 
and development (R&D) in various countries. The annual patent input and output of 
individual countries were firstly analyzed to construct a preliminary structure for subsequent 
efficiency analysis. Patent R&D efficiency analysis was conducted through data envelopment 
analysis (DEA) by using data obtained from patent analysis. Finally, the analysis results were 
compared and examined across countries. 

3.1 Data Retrieval Strategies and Sources 

The United States is the largest commercial trading market in the world, and the development 
of its patent system and its patent data date back to 1975. Consequently, the US patent system 
is generally representative (Bass and Kurgan, 2010). Thus, this study used the patent database 
of the United States Patent and Trademark Office (USPTO) for patent output analysis. The 
patents approved and announced by the USPTO were collected to form the primary output 
variables. Furthermore, the input R&D indices were derived from the World Competitiveness 
Online website of the International Institute for Management Development. Because of the 
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limitations of sample consistency and data availability, the indices derived from the World 
Competitiveness Online website cover dissimilar years and countries; therefore, the data 
period in this study was from 2000 to 2012. The total expenditure on R&D and total public 
expenditure on education per capita were the primary input variables. 

3.2 Measurement Method for Research and Development Efficiency 

This study used DEA for patent R&D efficiency analysis. DEA is a nonparametric method for 
estimating production frontiers, in which an envelope technique is used to substitute the 
production function in microeconomics. The basic theory of DEA is based on the concept of 
technical efficiency (TE) proposed by Farrell (1957). Farrell (1957) determined a production 
frontier to be the reference point for measuring productive efficiency; multiple outputs and 
inputs can be simultaneously processed. A firm’s goal is assumed to be pursuing profit 
maximization or cost minimization. Firms that achieve productive efficiency by using the 
same technique form an efficiency frontier, with inefficient firms not occurring along the 
efficiency frontier. According to the theory proposed by Farrell (1957), Charnes, Cooper, and 
Rhodes (CCR) (1978) assumed constant returns to scale (CRS) and developed a relative 
efficiency model for multiple inputs and outputs, which is called the CCR model. The CCR 
model assumes that each decision-making unit (DMU) produces at an optimal scale; however, 
in reality, not all DMUs produce at an optimal scale. Therefore, Banker et al. (1984) modified 
the CRS assumption in the CCR model and proposed variable returns to scale (VRS). 
Specifically, TE was divided into pure technical efficiency (PTE) and scale efficiency (SE). A 
convexity constraint ( ) was added to the CCR model, changing the CRS assumption into the 
VRS assumption. The setting for the model is as follows: 

ϕλθ ,Max  
s.t. 0≥+− λϕ Qqi  

0≥− λχ Xi  
11' =λN  

0≥λ  

where ϕ  denotes TE, λ  represents weight vector, Q  is the output matrix of M × I and 

consists of the output vectors of I DMUs, and X  is the input matrix of N × I and comprises 
the input vectors of I DMUs. 

3.3 Measurement Variables 

3.3.1 National Essential Technological Strength 

During the patent review process, to demonstrate the novelty of an invention, the patent 
applicant must provide patent and nonpatent literature relevant to the invention, and the 
patent reviewers attach the key literature, including studies they have searched for during the 
review process and those provided by the applicant, to the patent specification. Thus, the 
introduction of a patent can reflect the knowledge sources related to the patent, and the 
citation of a patent can reflect the influence of the patent on subsequent technology 



Journal of Management Research 
ISSN 1941-899X 

2015, Vol. 7, No. 4 

www.macrothink.org/jmr 27

development. In general, a high number of citations for a patent (i.e., the total number of 
times that a patent is cited by subsequent patents) indicates the patent’s large influence on 
subsequent technology development. Thus, the number of citations of a patent can be used to 
denote the influence of the patent technology (Chen et al., 2007; Yoshikane, 2013). 

According to Karki and Krishnan (1997), when the number of citations of a patent is among 
the top 10% of the total number of citations in a year, the patent is called a highly cited patent. 
In addition, to obtain the technology influence index (TII) for a country, we should firstly 
calculate the proportion of the most influential patents (i.e., the top 10% of the most 
frequently cited patents) in the total number of patents in a country during the study period 
(from 2000 to 2012), as well as the proportion of the most influential patents in the total 
number of patents worldwide. The ratio of the first proportion to the second proportion is the 
TII of a country for the study period. The measurement of TII focuses on the patents with the 
highest number of citations. A TII value larger than 1 indicates that the patents in a country 
are highly influential. 

In this study, the current influence of patents was measured using the current impact index 
(CII) developed by CHI Research (CHI Research, 1999). The CII is defined as the average 
frequency with which a patent issued in the previous five years in a country is cited by the 
patents issued in the current year, relative to the frequency with which all patents are cited. To 
calculate the CII, the proportion of patents issued in the previous a years and cited by patents 
issued in year t in country i is first calculated (ܯ௧ି௔௜ ); then, ܯ௧ି௔௜  is divided by the proportion 
of patents cited in a country in year t (ܣ௧ି௔) to produce ܫ௧ି௔. The number of patents issued in 
country i in each of the previous five years is divided by the total number of patents during 
the five years to obtain the weight for each year (ܫ௧ିଵ,…,  ܫ௧ିହ). ܫ௧ି௔ is multiplied by the 
weight for each year to generate the weighted average of the number of patents in country i in 
the previous five years. Thus, the CII for country i in the previous five years (ܫܫܥହ௜ ) is obtained. 
The equations for calculating the CII are as follows: 

௧ି௔௜ܯ ௧ି௔௜ܥ= / ௧ܲି௔௜ /௧ି௔ܥ=௧ି௔ܣ , ௧ܲି௔, ܫ௧ି௔=ܯ௧ି௔௜  ௧ି௔    a=1,…,5ܣ/

௔௜ܫܫܥ = ෍ )௧ି௔ܫ ௧ܲି௔௜ / ෍ ௧ܲି௔௜ହ
௔ୀଵ )ହ

௔ୀଵ  

Typically, the expected CII value is 1. If the CII value for a country is 1.10, the value 
signifies that the frequency with which the patents in the country are cited is higher than the 
average frequency of 10%. In other words, a large CII value indicates the large influence of a 
country’s patents from the previous five years on current patents. 

The CII is a relative value of the average citation frequency, and the TII only targets the 
patents that are most frequently cited. This study further calculated technology strength (TS) 
for an overall evaluation of patents and innovation (Chen et al., 2007). The equation for TS is 
as follows: ܶ ௜ܵ = ௜ܲ ×  ௜ܫܫܥ
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where ௜ܲ is the total number of patents owned by country i, ܶ ௜ܵ is the TS of country i, and ܫܫܥ௜ is the CII value of country i. Chen et al. (2007) regarded the top 25% of the most 
frequently cited patents as essential patents, patents which are of considerable importance. 
The threshold of 25% was derived from quantile calculation in statistics; the top 25% 
threshold may form a crucial patent level. However, the threshold defining this crucial patent 
level may vary according to various objectives; for example, a threshold of top 10% or 
smaller could be more selective. Thus, this study used 10%, a relatively strict threshold, for 
selecting essential patents. The essential patent index (EPI) is calculated using the following 
equation: ܫܲܧ௜ = ܲܧ ௜ܰ/ ௜ܲ0.10  

where ܲܧ ௜ܰ indicates the number of essential patents owned by country i and ௜ܲ denotes the 

total number of patents owned by country i. In addition, this study used essential 

technological strength (ETS) for evaluating national innovative competitiveness. ETS is 

generated using CII and EPI values. Compared with TS, the EPI can be used to more 

accurately assess national innovation strength (Chen et al., 2007). ETS is calculated using the 

following equation:     

ܶܧ ௜ܵ = ௜ܲ × ௜ܫܲܧ ×  ௜ܫܫܥ
where ௜ܲ, ܫܲܧ௜, and ܫܫܥ௜ signify the number of patents and the EPI and CII values of country 
i, respectively. 

3.3.2 Research and Development Input 

This study adopted total expenditure on R&D and total public expenditure on education per 
capita as the input variables, which are regarded as the infrastructure for a country’s 
competitiveness by the World Competitiveness Yearbook (International Institute for 
Management Development, 2014). In the European Commission Innovation Union 
Scoreboard (2014), R&D expenditure and education are also considered crucial elements for 
facilitating innovation. Arundel and Kabla (1998), Faber and Hesen (2004), and Radosevic 
(2004) all used R&D expenditure and education as crucial input variables. Thus, based on 
previous studies and international indices, this study adopted total expenditure on R&D and 
total public expenditure on education per capita as the R&D input variables. 

4. Results  

4.1 Patent Retrieval Results 

Figure 1 and 2 show the number and percentage of patents approved in the top 10 
patent-registering countries from 2000 to 2012 according to USPTO data. 
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Figure 1. Number of Patents Approved in the Top 10 Patent-registering Countries 

 

Figure 2. Percentage of Patents Approved in the Top 10 Patent-registering Countries 

According to Figures 1 and 2, patents approved in the top 10 patent-registering countries 
accounted for approximately 93.45% of the total number of patents worldwide. Specifically, 
the percentage of patents registered in the United States, Japan, Germany, South Korea, 
Taiwan, France, Canada, the United Kingdom, the Netherlands, and Switzerland was 49.82%, 
22.96%, 5.97%, 4.16%, 3.29%, 2.09%, 1.59%, 1.32%, 1.19%, and 1.06%, respectively. These 
percentages indicate that most patents (more than 90% of total patents) are owned by the top 
10 countries, manifesting that global science and technology development is concentrated in 
specific regions. Patents approved by other countries only accounted for 6.55% of total 
patents worldwide. If a sampling of the top 20 patent-registering countries had been used for 
the analysis, the percentage of patents accounted by the countries would have increased to 
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98.35%, an adequately representative sampling. Thus, this study used the top 20 
patent-registering countries as the analysis sample for understanding the trend of patent 
development in various countries. 

4.2 Efficiency Analysis 

For the efficiency analysis, the national ETS for the top 20 patent-registering countries was 
calculated using the various indices (Table 2). 

Table 2. National essential technological strength 

Country CII TS EPI ETS 
Austria 0.67 2749.99 0.34 922.46 

Australia 0.90 10429.00 0.96 10034.31 
Belgium 0.61 3626.39 0.48 1732.04 
Canada 1.08 36212.85 1.29 46551.99 

Switzerland 0.77 17200.68 0.57 9718.81 
China 0.88 10257.91 0.10 1001.20 

Germany 0.68 85801.14 0.46 39672.14 
Denmark 0.87 4752.84 0.70 3303.37 
Finland 1.03 13237.19 1.08 14257.18 
France 0.64 28437.44 0.50 14180.67 
United 

Kingdom 0.81 22422.67 0.81 18223.25 

Israel  1.09 11237.55 1.34 15049.80 
Italy 0.58 8996.04 0.34 3096.05 
Japan 0.82 395350.37 0.69 274339.13 

South Korea 0.75 65756.16 0.44 28758.24 
Netherlands 0.81 20286.41 0.57 11548.61 

Sweden 0.90 17754.77 0.97 17157.14 
Singapore 0.99 6199.47 0.71 4428.19 

Taiwan 0.78 53822.58 0.52 27719.05 
United States 1.11 1163509.06 1.40 1627399.47 

Note: CII, current impact index; TS, technology strength; EPI, essential patent index; ETS, essential 
technological strength 

In this study, expenditures on national science and technology were based on limited budgets 
to achieve a maximum output. Therefore, the analysis model used was output oriented. Table 
3 displays the efficiency analysis results for national ETS. 
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Table 3. Efficiency analysis of national essential technological strength 

Country TE PTE SE Returns 
to scale 

Reference 
countries 

Reference 
frequency

Austria 0.02 0.04 0.71 IRS Singapore and 
United States 0 

Australia 0.14 0.16 0.85 IRS Singapore and 
United States 0 

Belgium 0.05 0.07 0.68 IRS Singapore and 
United States 0 

Canada 0.43 0.48 0.90 IRS Singapore and 
United States 0 

Switzerland 0.19 0.25 0.78 IRS Singapore and 
United States 0 

China 0.02 1.00 0.02 IRS China 2 

Germany 0.11 0.12 0.97 IRS Singapore and 
United States 0 

Denmark 0.10 0.14 0.68 IRS Singapore and 
United States 0 

Finland 0.42 0.62 0.67 IRS Singapore and 
United States 0 

France 0.06 0.07 0.96 IRS Singapore and 
United States 0 

United 
Kingdom 0.10 0.11 0.94 IRS United States and 

Singapore 0 

Israel  0.44 0.66 0.67 IRS Singapore and 
United States 0 

Italy 0.03 0.04 0.89 IRS Singapore and 
United States 0 

Japan 0.38 0.41 0.93 IRS 
United States, 
Taiwan, and 

China 
0 

South 
Korea 0.24 0.36 0.66 IRS 

United States, 
Taiwan, and 

China 
0 

Netherlands 0.20 0.25 0.81 IRS Singapore and 
United States 0 

Sweden 0.25 0.30 0.84 IRS Singapore and 
United States 0 

Singapore 0.28 1.00 0.28 IRS Singapore 14 
Taiwan 0.63 1.00 0.63 IRS Taiwan 2 
United 
States 1.00 1.00 1.00 — United States 16 

Average 0.26 0.40 0.74    
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Note: The input variables are the total expenditure on R&D and total public expenditure on education 
per capita; the data source is the World Competitiveness Online database (2000–2012). The output 
variable is ETS. IRS denotes increasing returns to scale. Missing values were all excluded. 

As shown in Table 3, the TE, PTE, and SE values for the United States were all 1, suggesting 
that the United States is a robustly efficient unit, a country with relatively high efficiency. 
The purpose of the reference analysis was to examine which DMUs with high efficiency 
could be referenced by those with low efficiency to determine the frequency with which they 
are referenced and evaluate which countries could serve as benchmarks for efficiency 
improvement. If a country is referenced by other countries numerous times, this value would 
indicate that the country is efficient and robust and could therefore serve as a benchmark for 
improvement. In addition, all of the top 20 patent-registering countries showed increasing 
returns to scale, indicating that resource input could be continuously increased. 

4.3 Intertemporal Efficiency Analysis 

This study used the Malmquist productivity index for analyzing changes in intertemporal 
efficiency and total factor productivity (Färe et al., 1992), thereby observing the dynamic 
development of patent performance of various countries. This study referred to technological 
advance as the outward movement of the efficiency frontier; process innovation, which is the 
production behavior of a firm, can be regarded as a type of technological advance. In terms of 
ETS, technological advance may be considered as an advance in the overall operating 
mechanism, which results in the achievement of essential technologies with the same 
resources. In this study, 2006 was the point dividing the period between 2000 and 2012 into 
2000–2005 and 2006–2012. The results of the intertemporal efficiency analysis are shown in 
Table 4. 
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Table 4. Dynamic productivity index analysis for the ETS of various countries 

 Efficiency 
change (EC) 

Technology 
change 
(TC) 

Pure 
technical 
efficiency 

change (PEC)

Scale 
efficiency 

change 
(SEC) 

Total factor 
productivity 

change 
(TFPC) 

Austria 1.01 1.06 0.86 1.17 1.07 
Australia 0.93 1.06 0.82 1.14 0.99 
Belgium 0.93 1.06 0.85 1.10 0.99 
Canada 0.84 1.06 0.81 1.03 0.89 

Switzerland 1.16 1.06 1.45 0.80 1.22 
China 9.80 1.25 1.00 9.80 12.21 

Germany 1.26 1.06 1.25 1.01 1.34 
Denmark 0.79 1.06 0.71 1.12 0.84 
Finland 1.14 1.06 1.03 1.11 1.21 
France 0.89 1.06 0.87 1.01 0.94 
United 

Kingdom 0.94 1.06 0.93 1.01 1.00 

Israel  0.80 1.06 0.74 1.09 0.85 
Italy 1.28 1.06 1.23 1.04 1.36 
Japan 1.55 1.07 1.68 0.92 1.66 
South 
Korea 1.48 1.06 1.05 1.41 1.57 

Netherlands 1.63 1.06 1.53 1.06 1.73 
Sweden 0.83 1.06 0.80 1.03 0.88 

Singapore 1.71 1.06 1.00 1.71 1.81 
Taiwan 1.82 1.06 1.00 1.82 1.93 
United 
States 1.00 1.15 1.00 1.00 1.15 

Average 1.24 1.07 1.00 1.24 1.34 

As shown in Table 4, the total factor productivity for the ETS of the countries increased 
during the first half of the studied period (2000–2005) compared to the second half 
(2006–2012) (average TFPC = 1.34). In particular, China showed the highest increase in total 
factor productivity (TFPC = 12.21), demonstrating China’s emphasis on and efforts to 
enhance its patent technologies. Regarding EC, the efficiency values for China (EC = 9.80), 
Taiwan (EC = 1.82), and Singapore (EC = 1.71) exhibited the greatest increases, suggesting 
that resource allocations and decisions were adequate to enable efficiency improvement. 
Moreover, the overall TC value was higher for the countries in 2006–2012 than for those in 
2000–2005, and the increases shown by China (TC = 1.25) and the United States (TC = 1.15) 
were relatively substantial. 

5. Conclusion and Recommendations 

This study compiled R&D efficiency values for the world’s top patent-registering countries 
by analyzing patent approval figures, national ETS, and efficiency; the results can serve as a 
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reference for governments in formulating patent R&D strategies. Previous studies assessing 
technological R&D efficiency have mostly used quantitative patent-related indices; however, 
these conventional quantitative indices have been criticized for only focusing on the quantity 
of patents and ignoring the influence of individual patent. Thus, based on the concept of 
essential patents, this study used national ETS to assess R&D efficiency values for each 
country and sought to provide an objective assessment mechanism. 

The results showed that the TE, PTE, and SE values for the United States were all 1, 
indicating that the United States is located on the efficiency frontier and is therefore a highly 
efficient country. Except for China, Singapore, Taiwan, and the United States with PTE 
values of 1, other countries showed PTE values lower than 1, indicating that these countries 
may exhibit poor management or incorrect decisions and should therefore reexamine their 
resource allocations. Except for the United States, all of the countries had increasing returns 
to scale, suggesting that most countries could increase input to enhance ETS. Overall, most 
countries could benefit from continued efficiency improvement and also exhibited problems 
related to poor SE, which could be improved by increasing R&D funding and education 
expenditures. 

In the intertemporal efficiency analysis, the dynamic productivity index analysis showed the 
overall efficiency and technology growth of the top 20 patent-registering countries (Table 4), 
demonstrating that these countries have increased their emphasis on patent technologies in 
recent years. In particular, the TFPC value of China increased considerably in the studied 
period, indicating that the quantity and influence of patents in China have increased 
substantially since 2006. In addition, the ETS values for Italy (TFPC = 1.36), Japan (TFPC = 
1.66), South Korea (TFPC = 1.57), the Netherlands (TFPC = 1.77), Singapore (TFPC = 1.81), 
and Taiwan (TFPC = 1.93) improved from the first half of the studied period (2000–2005) to 
the second half (2006–2010), displaying above-average (TFPC = 1.34) improvement. Four of 
these six countries are in Asia, suggesting that patent technology growth was greater in Asian 
countries than in Western countries during the studied period. 

Regarding study limitations and recommended research, this study directly used secondary 
data from the USPTO database and relative yearbooks as the input and output variables for an 
efficiency analysis; in other words, the analysis was conducted using objective data. However, 
it is difficult to measure the patent cost. Hence, R&D efficiency among patents is hard to 
compare. This study used only total expenditure on R&D and total public expenditure on 
education per capita as the input indices. Therefore, future studies could identify other crucial 
indices through expert interviews or the Delphi method for perfecting the analysis. 
Furthermore, this study conducted the efficiency analysis with the aim of comparing ETS 
values across various countries; however, whereas the efficiency analysis was completed, the 
exogenous variables that may have influenced efficiency values were not investigated 
because of limitations of secondary data. Future studies could supplement this part of the 
research. Finally, this study primarily used data from the USPTO database. However, patent 
data are region specific; the application and influence of patents in the European Patent 
Office (EPO) may differ from those in the USPTO. Thus, future scholars could compare data 
differences across various patent offices. 
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