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Abstract 
Innovation has become an eloquent topic among researchers and the market, but it is important to understand 
where we are innovating and at what costs and how efficiently this has been done. Promoting innovation 
performance index based on patent production, R&D investment and the number of researchers being a tool to 
assist managers in measuring how the resource is used. According to the analysis made using the countries in the 
list of the top 10(ten) patent applicants, we have identified that the first place is not the most efficient in 
employing researchers by a patent granted or in the efficiency of the resource employed vs. the granting of 
patents. This study shows that much of the resource that has been employed with researchers and research has a 
low return for the country. The money invested by Rep. Korea, showed the best efficiency in volume of 
researchers producing innovation, and China presents the best numbers in volume of production, and money by 
patent applied. Research has shown that eastern countries are at the forefront of researcher performance index 
and dressed in the production of a patent, bringing efficiency to the resources employed.  
Keywords: patent, indicators, performance, management 
1. Introduction  
Performance index exists since the early days of accounting created by Frei Luca Pacioli in the mid-1450s (Silva 
& Cavalcanti, 2004), the focus of adjusting and reflecting the performance of a company by number has been 
instrumental in creating a system. Modern management systems based on performance and optimization of the 
resources applied in a given system. 
Innovation is embedded in companies as vitally important (Marc, Marston, & Roth, 2018) for business continuity, 
but there is a management gap between how much we can invest in innovation and how it is performing and 
performing. Researchers or collaborators work to produce innovation. Optimizing Resources (Pagar, 2017) is 
described as a way to adjust processes and their methods with the resources available to their collaborators or 
managers. 
The introduction of the innovation management index approached as a factor of facilitation and control by 
managers not only of companies but of countries to the point of understanding how their country's scientific - 
economic production is based on the investment that is being made over the years of time. This tool in line with 
economic figures extracted from World Bank reports becomes a tool for managing investment and where to 
allocate resources compared to other countries. 
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As a country's research structure grows, it must be measured based on its productions, and a point of production 
measure that generates competitive advantage (Porter, 1985) is the patent, which guarantees its holder an 
exclusivity limited to time to explore your innovation. And patent also gives a way for managers to understand 
what has been produced of innovation with investments applied in the country. 
2. Methodology 
This article represents a manner of represents the rate of the innovation, compressed in a group of indicators 
based on-premises developed by the researchers, the exploratory method had been used collect the data about the 
researchers per million, the rate of investment in R&D (research and development) and as to base all the calculus 
we used the total patents deposits and the total patent grants made only by local researchers and companies. 
The exploratory method presented (GIL, 2007) defines and recommend the research need to have, 
bibliographical knowledge and examples that stimulate comprehension. The example used had been retrieved 
from de Balanced Score Card system (Gibbons & Kaplan, 2015), who was used to measure and control the 
immeasurable. 
The research is primarily based on the 10 biggest patentees appointed on the WIPO 2019 Intellectual Property 
indicators, in order: China, United States of America "U.S", Japan, Republic of Korea, Germany, Russian 
Federation, France, United kingdom "U.K", India (Note 1), Italy, and all of this data has been collected from the 
WIPO database for researchers. 
To understand about the creation of the indicators, the use of Quantitative Indicators that can reflect the output 
about the activities according to a plan executed by governments and companies that could invest in innovation 
as a way of living. The Methodology created by George T. Doran (Doran, 1981), that introduces the specification 
in each letter that the manager could control a specify his order of greatness. 
 
Table 1. The smart proposal 

Letter Definition Use 
S Specific Target a specific area for improvement 
M Measurable quantify or at least suggest an indicator of progress 
A Assignable specify who will do it 
R Realistsic state what results can realistically be achieved given available resources 
T Time Related specify when the result(s) can be achived 

Source: Adaptation from the authors (Doran, 1981). 

 
Based on the model, the letter "M" has been chosen to create the indicators based on simple mathematics, using 
Split or a fraction to understand the evolution of innovation production based on patent productions of the 
residents from the countries. Our formula is based on mathematical principles. 𝑔 =  Δ𝑦Δ𝑥  . 𝑡 
g = Indicator of efficiency  Δ𝑦 = Variation of the value money spended selected trough time  Δ𝑥 = Variation of the patent production selected trought time (WORLDBANK, 2019) (MUNDI, 2019).  𝑡 = 𝑡𝑖𝑚𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑. 
And the simple mode to create a visualization of the rate of efficiency, is spliting the economic number selected 
with the patent production of the same year. 𝑔 =  𝑥𝑦 

g = Indicator of efficiency. 𝑥 =  Economic value selected.  y =  Patent Volume produciton selected.  
To reach the results, an analysis measuring the numbers achieved with all the tables compressed, will indicate 
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companies to provide resources to the countries, but we have to analyze how much we invest in R&D, how many 
researchers are involved and how many products or patents are granted with all the investments made in these 
areas. 
Indicators as propose in this study came to explain the differences between efficiency and productivity, using 
two different ways to understand and provide the creation of these new terms to reach a new level of 
management innovation using the government's money. The actual means for measure innovation is based on the 
OSLO Manual (EUROSTAT, 2018), including all the definitions and measurements for all the types of 
innovation. But to define and measure innovation in which countries are investing money from the contributors 
is important to create data about the rate and the efficiency of all the researches using data available to all the 
citizens. 
If we look at the results of the indicators, we can analyze which country invest better, and which country has the 
best team of researchers based only in a few numbers. China has the best total number of the patent application, 
but don’t have the best production indicator based on the number of researchers, the USA has the major amount 
of money invested but doesn't have the major numbers in total applications, total patents granted even efficiency 
stay behind other countries. 
The WIPO has a Scale that put all the countries and their volumes of patenting, we gave that number at the 
beginning of this article, but we have to introduce a new way to compare who spend better the money and has 
the best researchers. If we can comprehend that we can lean with the results and improve de production o 
innovation with less Expenditure, not only in money but in time and resources too. 
 
Table 6. Resume of indicators (2017) 

Country 
1 - Efficiency by 
researchers generating 
innovation 

2 - Efficiency of researchers 
in patents applications 

3 - Expenditure in USD per 
patent application 

4 - Efficiency based on 
money Expenditure 

China 0,21 0,81  $ 207.598,22   $ 795.430,75  
France 0,04 0,05  $ 3.926.847,83   $ 5.540.868,39  
Germany 0,03 0,12  $ 2.398.413,78   $ 10.746.760,79  
India 0,01 0,05  $ 1.416.558,81   $ 12.967.298,58  
Italy 0,04 0,07  $ 3.063.635,51   $ 5.837.522,42  
Japan 0,21 0,36  $ 659.296,08   $ 1.127.471,23  
Korea, Rep. 0,26 0,46  $ 440.601,58   $ 773.107,83  
Russian Federation 0,05 0,06  $ 769.730,42   $ 832.805,04  
United Kingdom 0,01 0,05  $ 3.414.647,54   $ 14.349.305,50  
United States 0,10 0,19  $ 2.091.797,64   $ 3.880.172,31  
 
As we can see in table 5, the countries that invest more money on the R&D area ( USA and CHINA), does not 
have the best efficiency and the best number, China has the biggest to numbers when involve the total number, 
because they produce a lot of patent applications, and when they as used splitting other numbers they create great 
results, instead of Korea Republic, has minor numbers but the conversion efficiency rate in patents of innovation 
products is higher and with less money per patent of innovation. 
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Table 7. Resume of indicators (2009) 

Country 
1 - Efficiency by 
researchers generating 
innovation 

2 - Efficiency of researchers 
in patents applications 

3 - Expenditure in USD per 
patent application 

4 - Efficiency based on 
money Expenditure 

China 0,06 0,20  $ 371.169,53   $ 1.296.751,94  
France 0,04 0,06  $ 4.220.539,01   $ 6.448.807,98  
Germany 0,03 0,15  $ 1.989.365,89   $ 9.105.907,32  
India 0,01 0,04  $ 1.606.611,09   $ 6.568.943,79  
Italy 0,16 0,09  $ 3.027.738,51   $ 1.635.301,63  
Japan 0,24 0,43  $ 598.694,92   $ 1.067.768,03  
Korea, Rep. 0,17 0,52  $ 233.903,07   $ 708.088,17  
Russian Federation 0,06 0,06  $ 599.222,06   $ 582.972,59  
United Kingdom 0,01 0,06  $ 2.592.802,59   $ 20.660.403,51  
United States 0,06 0,17  $ 1.911.166,40   $ 5.064.052,69  
 
When we Compare a historical series we can see the changes that reflects in the future of innovation, Japan in 
2009 has the best rate of researchers producing innovation (patents granted), when the Republic of Korea has the 
best rates investing the money on applications that will be transformed in patents years ago, and Russia had the 
best number in comparison of efficiency of the money invested producing patents with less money than the 
other. 
5. Conclusions 
Innovation management is currently in question, tools have been sought to measure advances in research and 
development that bring resources and differentiate countries in the world market. The road to an extremely agile 
market is innovation followed by its main patent control tool. The composition of indicators for more agile 
monitoring assists in creating value in how long-term investment and follow-up of innovative processes help 
managers improve their resource allocation decisions at both the micro and macro levels. 
The proposal to create economic indicators portrays a way of understanding the past to study the future, 
translating into numbers and comparing what was done in each moment of the country's economy, and how the 
resources and work of the researchers were allocated. These numbers are an important tool and highlight what 
has been much addressed about efficiency, investment and the growth of the eastern market against western 
competitors. 
When comparing the rates and the results of the proposed index we can see that in the 10-year historical analysis, 
CHINA, JAPAN, and KOREA REP, have always been ahead of the world competitors, and now reap the fruits of 
the investments made over the years. The work had the limiting factors of data specifically oriented to an 
analysis in front of researchers and their numbers and is guided by a further study on the separation between 
researchers from basic science and applied science. 
References  
Chaaban, J., & Cunningham, W. (2011). Measuring the economic gain of investing in girls. Washington , DC: 

World Bank. https://doi.org/10.1596/1813-9450-5753 
Doran, G. T. (1981). There’s a S.M.A.R.T. way to write managements’s goals and objectives. Management 

Review, 70-85.  
Eurostat, O. (2018). Oslo manual 2018: guidelines for colleting, reporting and using data on innovation. 

Luxembourg: OECD publishing. 
Gibbons, R., & Kaplan, R. S. (2015). Formal measures in informal management: Can a balanced Scorecard 

change a culture? American Economic Review, 447-451. https://doi.org/10.1257/aer.p20151073 
GIL, C. (2007). Como elaborar projetos de pesquisa. São Paulo: Atlas. 
Hulten, C. R. (2010). Total factor . A short Biography. Chicago University Press. 
Kaplan, R. S., & Norton, D. P. (1992). The balanced Scorecard: Measures that drive Performance. Harvard 

Business Review, 71-79. 
Kupfer, D. (1992). Padrões de concorrencia e competitividade. Encontro Nacional de Economia (p. 20). Campos 

do Jordão: ANPEC. 



ijbm.ccsenet.org International Journal of Business and Management Vol. 15, No. 4; 2020 

209 
 

Liping, Y., Huiyang, L., Zuogong, W., & Yunlong, D. (2019). Technology imports and self-innovation in the 
context of innovation Quality. Internation Journal of Production Economics, 44-52. 
https://doi.org/10.1016/j.ijpe.2018.11.023 

Lopes, H. C. (2016). O modelo estrutura-consuta-desempenho e a teoria evolucionária Neoschumpteriana: Uma 
proposta de integração teórica. Revista de Economia contemporanea, 336-358. 
https://doi.org/10.1590/198055272026 

Marc, d. J., Marston, N., & Roth, E. (2018). The eight essentials of innovation. Mackinsey Quarterly, 77-81. 
Mundi, I. (2019). India - researchers in R&D ( per million people). Fonte: Index Mundi. Retrieved from 

https://www.indexmundi.com/facts/india/indicator/SP.POP.SCIE.RD.P6 
Pagar, F. (2017). Resource optmization: Techniques in Scheduling. Oulu, Finland: Universitatis ouluensis. 
Porter, M. E. (1985). Competitive Advantage: Creating and Sustaning Superior performance. Toronto: Maxwell 

Macmillan. 
PTI. (2019). THE ECONOMY TIMES. Fonte: Economy times - india times. Retrieved from 

https://economictimes.indiatimes.com/news/economy/finance/indias-rd-spend-stagnant-for-20-years-at-0-7-
of-gdp/articleshow/62697271.cms?from=mdr 

Rainatto, G. C., Silva, O. R., de Andrade, N. A., Paschoal, D. G., & Silva, F. R. (2019). Analise do ambiente 
informacional do processo de patente brasileiro. Revista de ciencias gerenciais , 5-25. 

Sangiovanni-Vicentelli, A. (2005). The importance of the innovation in the economy of advanced countries. 
IEEE Design & test Computers, 14-16. https://doi.org/10.1109/MDT.2005.23 

Silva, A. M., & Cavalcanti, G. A. (2004). a lucratividade inerente e implicita no estoque na analise de liquidez 
estática. Revista de Administração Contemporanea - RAC, 139-160. 
https://doi.org/10.1590/S1415-65552004000400008 

WIPO. (2019). Statistics for Researchers. Retrieved from http://ipstats.wipo.int/ipstatv2/index.htm 
Worldbank. (2019). WORLDBANK . Retrieved from https://data.worldbank.org/indicator/sp.pop.scie.rd.p6 
Ye, F. Y. (2017). Scientific Metrics: Towards analytical and Quantitative Sciences. 

https://doi.org/10.1007/978-981-10-5936-0 

 
Note 
Note 1. The numbers of India was not been extracted from the WORLD BANK DATA, we use a local source to 
find it (PTI, 2019). 
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