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Abstract 

The article attempts to make a comparative analysis of the selective innovativeness 

measures in four countries. For this purpose China, Germany, USA and United Kingdom have 

been selected due to the thesis concerning the diversity of the level of innovativeness 

characteristic for their economies. Thus the main aim of the article is to identify basic 

similarities and differences between the selected measures of innovativeness in the four 

analysed countries. Such measures include the number of patents registered by the citizens of 

particular countries, expenditure on research and development, and the number of articles 

published by scientists in scientific magazines. 

Owing to the complexity of the matter discussed, the article is divided into two parts. 

The first one, strictly theoretical, contains lapidary description of the most innovative 

enterprises in China, Germany, USA and United Kingdom. The second one, depending on 

statistical database of The World Bank, presents a comparative analysis of innovativeness 

determiners. 

The research period began in 2011 whereas the last analysed year was 2015 due to 

limited amount of data accessible in the course of research. To accomplish the objective it 

was necessary to apply comparative analysis and the analysis of statistical data.  
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Introduction 

Nowadays innovations refer to every aspect of life. They reflect dynamic changes that 

occur in the world. It seems that every consecutive product or idea is connected with 

innovativeness which consequently depreciates the meaning of the term (Wolak-Tuzimek, 
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2016). The word „innovation” is often used by marketing agencies trying to outrival their 

competitors (Marakova et al., 2016). 

According to what Christopher Freeman said a country’s innovation system is 

a network of institutions in public and private sectors whose activities and interactions 

initiate, import, modify and promote new technologies. Such systems are significant as the 

success of innovation in a particular country is connected with its policy and innovation plans 

which should be efficient and synergistic (vide: Gorokhova, Šafránková, Sekerin, 2015). 

Better understanding of the origin, development and functioning of the national 

innovation system may help decision makers to determine its most important advantages and 

drawbacks and define the necessary political changes that will raise the level of 

innovativeness in a given country. Due to numerous factors every national system of 

innovation is different, exceptional and must be discussed separately (more Lyasnikov, 

Dudin, et al., 2014).  Hence in the present article the area of research has been limited to 

precisely specified part of a broad issue. The remaining problems are worth discussing in 

successive scientific papers dealing with innovativeness. 

 

1 Innovation system in China, Germany, UK and USA – short brief 

The first aspect of the analysis will be a short presentation of innovation systems 

functioning in China, Germany, United Kingdom and USA. 

An important point in the Chinese economy was the accession to the World Trade 

Organization (WTO), thanks to which the economy accelerated at a tremendous pace. There 

was an increase in imports and exports, foreign investments have started on a large scale and 

the average annual GDP growth rate has amounted to over 15% since 2001. With the 

accession to the WTO, China has awakened its potential to become a real "Tiger" of the 

global economy. 

The Beijing government has created a medium and long-term science and technology 

development plan for 2006-2020, which is known as the MLP, whose overarching goal is "the 

great renaissance of the Chinese people" (Lynch, 2015). By 2020, China is planning to 

become a powerhouse in modern technologies, and by 2050 a world leader (Pei, 2006). 

Various kinds of research institutes have a significant impact on the innovation of the German 

economy, which in the 20th century in particular were subjected to political and economic 

pressure. One of the most important are: The Max Planck Society, The Fraunhofer Society, 

The Leibniz Association. 
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In order to create the right conditions enabling researchers, scientists, engineers and 

organizations to gain a leading position in technology markets, the federal government 

announced a High-Tech strategy in August 2006. For the first time a national strategy that 

covered all ministries in Germany was developed. Its content was shaped during consultations 

with representatives of industry and science. The government in Berlin assumes that the 

strategy will become an accelerator for efforts to transform Germany into a country that will 

provide the most favorable conditions in the world for research and innovation (The Federal 

Government, 2014).  

The British innovation system is based on a document „Our plan for growth: science 

and innovation, created in 2014 by the Department for Business, Innovation and Skills“. 

According to the plans of the British government, it is necessary to create a long-term concept 

that would allow to implement appropriate conditions for development in the field of business 

and science.  

As part of tax regulations, whose task is to support new technologies, the government 

created the Patent Box, thanks to which it is possible to use a reduced, 10% CIT rate if the 

profits of the enterprise have increased thanks to implemented innovations that have been 

legally patented.  

In the United States of America, the innovation system is based on two fundamental 

aspects: supporting mission-oriented research (e.g. defense and health), supporting federal 

laboratories and basic, interesting research through university funds. The United States 

finances between 80 and 100 government research laboratories (some administer the 

government and some are managed by private economic operators). The largest laboratories 

are supported by the defense, energy and health departments (Stepp, Pool et al., 2013). 

The American government has created strong relations between academic centers, 

research institutes and the private sector. These entities often conduct joint research aimed at 

creating innovative technologies. Higher education in the United States is considered the best 

in the world, 17 American universities are in the top twenty of the world ranking (Times, 

2018). 

Analyzing technology transfer (from universities or government laboratories to the 

market), certainly institutions such as: MIT and Stanford University have an important role in 

cooperation with the industry and supporting new business ventures. 

In the United States, most commercial activities are run by private for-profit 

companies. The United States generally does not support research and development directly in 
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companies unless R&D is associated with the achievement of a basic mission and in particular 

defense. 

 

2 Analysis of selected innovation indicators 

The next stage in the comparative analysis of selected measures of innovation will be 

the presentation of statistical data on such aspects as GDP, the number of patents submitted 

by citizens, advanced technology exports, expenditure on R & D and the average annual 

salary. Next, after analyzing the data, the Pearson correlation coefficient will be tested 

between individual measures. 

 The first step will be to present the analysis of statistical data changes in GDP in 

China, Germany, United Kingdom and United States of America in 2012 – 2015 (tab.1). 

 

Tab. 1: Changes in GDP in China, Germany, United Kingdom and USA in 2012-2015 (in 

USD billion) 

Country/Year 2012 2013 2014 2015 

China 8 560.6 9 607.2 10 482.4 11 064.7 

Germany 3 544.0 3 752.5 3 879.3 3 363.6 

USA 16 155.3 16 691.5 17 393.1 18 036.6 

UK 2 646.0 2 719.5 2 998.8 2 861.1 

Source: The World Bank, https://data.worldbank.org, [access 20/04/2018] 

Table 1 shows that in the analyzed period, the United States had the highest budget 

among four countries, an average of USD 16 155.3 billion. The second country was China, 

whose average GDP amounted to 11 064.7 billion USD. In this case, it should be noticed that 

the growth between 2012 and 2015 was extremely dynamic and amounted to + 29%. The 

country with the lowest GDP ratio was The United Kingdom, where the average was 2 998.8 

billion. USD. Noteworthy is the great difference in GDP between the US and the UK, which 

goes over USD 13 000 billion. 

The next analyzed indicator shows the number of patents submitted by citizens of four 

selected countries in 2012-2015 (Table 2). 

 

Tab. 2: The number of patents submitted by citizens of China, Germany, United 

Kingdom and USA in 2012-2015 

Country/Year  2012 2013 2014 2015 



The 12th International Days of Statistics and Economics, Prague, September 6-8, 2018 

262 

 

China 535 313 704 936 801 135 968 252 

Germany 46 620 47 353 48 154 47 384 

USA 268 782 287 831 285 096 288 335 

UK 15 370 14 972 15 196 14 867 

Source: The World Bank, https://data.worldbank.org, [access 20/04/2018] 

According to the data in table 2, the country that reports the most number of patents is 

China. In 2012 their number amounted to 432 939 applications and by 2015 it increased to 

968 252, which is another proof that China has rapidly changed from the copying model to the 

innovative model. The second in this study, the United States reported 288 335 in 2015, 

which is 679 917 applications less than China. Germany and UK reported on average 47 378 

and 15 101 applications in the analyzed period (vide Firlej, 2013). 

The next stage of the analysis is the presentation of incomes related to the export of 

advanced technology (Table 3). 

 

Tab. 3: Export of advanced technology in China, Germany, United Kingdom and USA 

in 2012-2015 (in USD billion) 

Country/Year  2012 2013 2014 2015 

China 505.6 560.1 558.6 554.3 

Germany 187.0 193.8 199.7 185.6 

USA 148.3 148.5 155.6 154.3 

UK 67.8 69.2 70.6 69.4 

Source: The World Bank, https://data.worldbank.org, [access 20/04/2018] 

Table 3 shows that the highest income related to the export of advanced technology 

was recorded in China, on average  544.7 billion USD in the analyzed period. The other 

countries have earned far less than Chinese enterprises and organizations. In the same period, 

Germany recorded an average of USD 191.5 billion, USA recorded 151.7 billion USD and 

United Kingdom recorded only USD 69.3 billion. 

It is also worth paying attention to the expenditure of R & D, which is an important 

element in the creation of innovative products and services. The data is presented in Table 4. 

 

Tab. 4: Expenditure on R & D in China, Germany, United Kingdom and USA in 2012-

2015 (in % of GDP) 

Country/Year  2012 2013 2014 2015 

China 1.91 1.99 2.02 2.07 

Germany 2.87 2.82 2.89 2.88 
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USA 2.70 2.74 2.75 2.79 

UK 1.61 1.66 1.68 1.70 

Source: The World Bank, https://data.worldbank.org, [access 20/04/2018] 

According to Table 4, the average of the most expenditure on R & D in relation to 

GDP is borne by Germany, who spent 2.86% in the analyzed period. The second in this study 

is the United States, which on average spent 2.75%. China was in the third place, but it can be 

noted that each year they increase the percentage of GDP transferred to research and 

development. Once again, the United Kingdom was the last in the ranking, with an average of 

1.66%. 

The last analyzed indicator is the average annual salary received by employees in 

China, Germany, the United Kingdom and the USA (Table 5). 

 

Tab. 5: Median salary in China, Germany, United Kingdom and USA in 2012-2015 (in 

USD) 

Country  2012 2013 2014 2015 

China 47 593 52 388 57 361 63 241 

Germany 43 701 44 161 44 743 45 810 

USA 57 653 57 369 58 219 59 691 

UK 42 330 42 058 41 878 42 304 

Source: https://data.oecd.org, [access 20/04/2018] 

In 2015, the highest average annual salary were recorded in China - 63 241 USD, with 

The United States on the second place, where the average annual salary was 59 691 USD. 

Next we had Germany - 45 810 USD and the United Kingdom with a slightly lower average 

annual salary of 42 304 USD. 

Although the Chinese show the highest average annual salary among selected 

countries, it should be noticed that in this country, unlike the others, there is a very large 

social stratification, in which there is a big difference in earnings between citizens of large 

metropolises and citizens of the village. 

The next step in the comparative analysis of selected innovation indicators will be to 

examine Pearson's correlation coefficient between them. The table below presents the results 

of dependencies. 
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Tab. 6: Correlation indicators between selected measures of innovation 

Correlation Coefficient China Germany USA UK 

GDP and number of patents submitted by citizens 0.99 0.59 0.75 -0.25 

GDP and export of advanced technology 0.78 0.96 0.86 0.94 

GDP and expenditure on R & D 0.99 -0.11 0.98 0.78 

Number of patents submitted by citizens and export of advanced 

technology 
0.74 0.79 0.52 -0.37 

Number of patents submitted by citizens and expenditure on R & D 0.99 0.35 0.84 -0.80 

Export of advanced technology and expenditure on R & D 0.84 0.05 0.75 0.79 

Average annual salary and number of patents submitted by citizens 0.99 0.47 0.41 -0.01 

Average annual salary and export of advanced technology 0.69 -0.16 0.71 -0.81 

Average annual salary and expenditure on R & D 0.97 0.44 0.83 -0.32 

Arithmetic average 0.89 0.38 0.74 -0.01 

Standard deviation 0.12 0.39 0.18 0.68 

Source: Own calculations based on statistics, (vide Borroni, 2009; Nelsen, 1998) 

Studies show that the correlation between GDP and patents applicated by citizens in 

three cases is plus / positive (China r = 0.99, very strong relationship, Germany r = 0.59, 

moderate relationship, USA r = 0.75, quite strong relationship), and in one negative negative 

(United Kingdom r = -0.25, weak relationship). 

When it comes to dependence between GDP and advanced technology exports, it can 

be noted that in each case the correlation is positive, therefore, with the increase of one 

indicator, the other increases. With regard to two countries: Germany and the UK, the 

relationship was very strong, while in China and the United States, the relationship was quite 

strong. 

Analyzing the correlation between GDP and expenditure on R & D, three plus / 

positive relationships were obtained: China r = 0.99, very strong relationship; USA r = 0.98, 

very strong relationship; United Kingdom r = 0.78, the relationship is quite strong. In 

Germany, the correlation was minus / negative and r = -0.11, therefore there is no 

relationship. 

The correlation between patents submitted by citizens and the export of advanced 

technology was plus / positive in three cases: China r = 0.74, quite strong relationship; 

Germany r = 0.79, quite strong relationship; USA r = 0.52, moderate relationship. In the 

United Kingdom, there was a minus / negative correlation r = -0.37, the relationship is weak. 

In the last case, along with the increase in the number of patents submitted by citizens, the 

number of exported advanced technology is decreasing and vice versa. 
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Looking at the results of the correlation between citizens' patents and R & D 

expenditure, it can be noted that in three cases the correlation was plus / positive: China  

r = 0.99, very strong relationship, Germany r = 0.35, weak relationship; USA r = 0.84, quite 

strong relationship. In United Kingdom, the correlation between the surveyed indicators was 

minus / negative and amounted to r = -0.80, the relationship is quite strong here. 

The relationship between advanced technology exports and R & D spending in all 

countries was plus / positive. In three cases, the relationship was quite strong (China, USA, 

United Kingdom), and there was no relationship in Germany (Germany). 

The correlation between the average salary and citizens' patents was plus / positive in 

China, Germany and the USA. In the first case the relationship was very strong and in the 

other two moderate. In the UK, minus / negative was reported and there was no relationship. 

Analyzing the relationship between the average salary and the export of advanced technology 

in two cases was plus / positive: China r = 0.69, moderate relationship; USA r = 0.71, quite 

strong relationship. In Germany and the United Kingdom, the correlation was minus / 

negative and amounted to r = -0.16, no relationship and r = -0.81, quite strong relationship. 

In the last statement, the average salary and expenses on R & D in China, Germany 

and the USA have a plus / positive correlation, respectively r = 0.97, a very strong 

relationship; r = 0.44 moderate relationship; r = 0.83, quite strong relationship. In the case of 

United Kingdom, the correlation was minus / negative and r = -0.32, weak relationship. 

The arithmetic average for correlation indicators between selected measures of innovation 

was: 0.89 (China), 0.38 (Germany) 0.74 (USA) and -0.01 (United Kingdom). The standard 

deviation for China was 0.12; Germany 0.39; USA 0.18; United Kingdom 0.68. 

 

Conclusion  

Innovation is an important element of the development of the economy of every 

country in the world. Therefore, it is important that the governments of individual countries 

create appropriate systems supporting research and development. 

In recent years, China deserves particular distinction because as mentioned, in just 

a decade, this country has developed from the model of copying products and services into an 

innovative model. According to the studies carried out comparison of innovation coefficients 

with macroeconomic factors shows that in each case the increase of one factor causes the 

increase of the other and in as many as five cases the relationship was very strong. Thanks to 

this, it can be stated that the innovation system implemented by China is extremely effective. 
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The same applies to the United States, where the system is based on the cooperation of 

government and enterprises with academic centers. This solution is used by all, the 

government and businesses receive adequate scientific knowledge, and academic centers 

provide adequate financial support for the education of scientists who can test their 

knowledge in a dynamically changing market. Looking at the United States, in seven cases 

the relationship was quite strong and very strong, and all correlations were plus / positive. 

Thus, just like in China. 

Germany, considered as one of the most innovative countries in the world, bases its 

innovation system on the cooperation of the government with research institutes such as the 

Max Planck Society, the Fraunfoher Society, and the Leibniz Association. In addition, it 

should be noticed that products from this country are of high quality. The conducted research 

suggests that in case of Germany there are no such unambiguous results as in the countries 

mentioned above. Only one correlation was obtained with a quite strong relationship and one 

of very strong. In three cases, there was no relationship between the indicators, where two 

correlations were negative and one positive. 

Analyzing the innovation system in United Kingdom, it is worth noting that over 

a period of more than 100 years, this country has lost its status as the richest country in the 

world and the most innovative one. At present, it can be stated that the British economy can 

not withstand competition with China, Germany and the United States. The studies carried out 

show that in five cases the correlation between innovation and macroeconomic indicators was 

minus / negative. Thus, the increase of one of the indicators did not guarantee, or even 

decrease, the level of the second indicator. 
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