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Abstract 

The main focus of the paper is innovativeness and creativity in gender perspective. The question asked is 
about the relation between gender, research and innovation. The paper is based on the data from European 
Patent Office (EPO) for years 1999-2013 concerning creative activities by women and men in business sector. 
For the purpose of the analysis, leading countries have been selected in terms of patent activities, which were 
then divided into two groups – 10 leading countries from the EU, and three leading countries from the 
transition economies. The main objective of the paper is to compare the dynamics of three variables: R&D 
expenditures, number of women and men employed as R&D personnel or researchers in business enterprise 
sector, number of women and men recognized in EPO database as inventors of patents that are employed in 
business sector. 
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Introduction 

The main focus of the article is innovativeness and creativity in gender perspective. The question asked is about the 

relation between gender, research and innovativeness. The paper is based on the data from European Patent Office (EPO) 

for years 1999-2013 concerning creative activities by women and men in business sector. The sense and possibilities of 

using patent datasets in scientific research were laid by the following researchers: Cohen, Nelson, Walsh, (2002, 2003); 

Griliches (1990), Pavitt (1989); Guellec, Pottelsberghe, (2000, 2001); Jaffe, Trajtenberg, Henderson, (1993); Schmoch 

(1997, 2008). These authors point at the information gathered in patent statistics as one of the components of the system 

measuring technological change, scientific and innovative activity as well as general structural changes in the economic 

environment. Patent statistics, an important source of information about the current level of development of economies, 

is still insufficiently applied, primarily because of the limitations of the methods of using patent statistics, which are far 

from the holistic approach. 

In the paper two groups of countries are distinguished in terms of patent activity: 10 leading EU economies and three 

leading transition countries that are currently members of the European Union. In the following section of the article the 

number of women and men researchers and R & D personnel are analysed in two distinguished groups, and the analysis 

of the number of women and men innovators follows. Methods used in the presented research allowed for defining and 

comparing the dynamics of changes in expenditures on research and development (R&D) in business sector with the 

dynamics of changes in employment of women and men as R&D personnel and researchers, as well as with the women‟s 

and men‟s creativity expressed as a number of inventors of industrial property in this sector. The undertaken research 

allowed for defining specificity of observed changes which made it possible to answer the main research question: is (and 

to what extent) an increase in expenditures on R & D in business sector promoting employment of women and men as 

R&D personnel and researchers, and an increase in women‟s and men‟ creativity expressed in the number of inventors of 

industrial property? The results of the analysis serve as a base for some policy recommendations formulated at the end of 

the paper. 
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1. Background – Review of Literature 

Innovation is perceived as an equivalent to something new or modified OECD (2005). As Alsos et al. (2013) notice, 

innovation is increasingly seen as one of the main ways to enhance economic growth, and thus create prosperous nations, 

and is considered crucial for technological development. As Okoń-Horodyńska and Zachorowska-Mazurkiewicz (2015) 

write, the special role in economic development assigned to innovation triggered the discussion emphasized in current 

EU policy (Europe 2020). Hunt et al. (2013) state that innovation is a driver of economic growth and a key to a future 

prosperity
1
. As Scott Shane (2009, p. 146) states, the aim of innovation policy is among other things to take people out of 

poverty, reduce unemployment, create jobs, and enhance growth
2
. Growth will be highest if the innovative capacity of 

the whole workforce is exploited.  

Science and society are highly interdependent, each constantly affecting the other. Technological innovation, like 

scientific research, are not gender-neutral activities. The gender dimension is deeply embedded in the way we do science 

and develop new technologies, influencing the entire process of technological innovation Abels (2012, p. 187). The 

European Commission (2001, p. 12) notices, however, that the perception of technology and science is gender-blind. 

Science through its search for objectivity tends to dismiss gender dimension.  

Integrating gender in research requires deep transformation of research design, as well as paradigms and concepts 

underlying the research design. This could be the reason why research on gender and innovation has not been extensive. 

There are, however, some studies in this research area that have quite interdisciplinary nature. In social sciences they 

include business, management and economics literature, but some topics seem to be studied more than others. These 

include the influence of gender on university scientists‟ involvement in innovation related activities, the influence of 

gender on innovation activity, social innovation and public sector innovation, and gender differences in the adaptation of 

innovation. A number of studies and reports have stressed the acute problem of women‟s under-representation in science 

in the business sector (OECD, 2012; Hunt et al., 2013). The results of international empirical comparative studies 

indicate that, in general, there is a clear statistical pattern that women are less involved than men in the creation of 

scientific and industrial knowledge (Larivière et al., 2013; Whittington & Smith-Doerr, 2005; Frietsch et al., 2008; 

Frietsch et al., 2009; Okoń-Horodyńska et al. 2015). Whilst women represent over 35% of all researchers in the higher 

education and government sectors of most European countries, this is not the case for the corporate sector. The 

percentage of female researchers in the business sector is less than 25% in most countries (European Commission 2010). 

Hunt et al. (2013) investigated women‟s underrepresentation among the holders of commercial patents. They concluded 

that the magnitude of the gender gap in patenting raises the concern that, rather than reflecting comparative advantage or 

different tastes by gender, the gap reflects gender inequality and an inefficient use of female innovative capacity (p. 831). 

Research on the role of gender in innovation within private firms seems to be scarce. There is also limited research with a 

gender perspective on innovation policy, innovation systems and innovation support schemes (Alsos et al. 2013, p. 240). 

According to Alsos et.al. (2013, p. 237) one of the reasons for the lack of studies taking a gender perspective to 

innovation is the apparent invisibility of people in innovation. When people are not visible in the discourse, gender easily 

becomes invisible. Gender in innovation has remained invisible due to the fact that most studies on innovation are about 

products, processes or organizations, and not about people. It is not to say that gender is irrelevant to studies of 

innovation. As Thorslund and Göransson (2006) highlighted, individuals – men and women – are smallest parts of 

innovation systems, and all the systems are results of their parts (cited in Alsos et.al. 2013, p. 238). The invisibility of 

actors does not mean there are no actors in innovation. Processes, organizations and systems consist of actors. Identifying 

these actors is one way of examining gender in innovation. 

The next question concerns the way, in which gender should be included in research. Formal modelling can fulfil two 

useful functions. First, it can help to organize our body of knowledge and state of the arguments with theoretical 

precision. In this way it is possible to identify and isolate key variables, specifying the nature of interaction between 

these variables. Second, formal modelling is a crucial step in policy making. Simple models can be used to demonstrate 

the potential effectiveness of gender-aware policies to policy-makers (Cagatay 2003, p. 30). The contribution of adopting 

the perspectives of gender as a variable and innovation as a result is a dominant approach in empirical research on gender 

and innovation. The literature on gender differences on patenting, commercialization, etc. in university context is often 

quantitative, comparing the tendencies of women and men contribution to innovation. Examples of such studies 

presented by Alsos et al. (2013) include Bozeman and Gaughan (2007) studies that show that male researchers are more 

likely than female researchers to engage in industry cooperation, or Foss et al. (2013) study showing that even though 

                                                 
1
 More than a half of US economic growth since the Second World War is attributable to technological progress (Boskin 

and Lau 2000, cited by Hunt et al. 2013, s. 831). 
2
 Innovation is therefore important macroeconomic factor that needs to be considered. 
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women are equally innovative in generating new ideas, their ideas are more seldom implemented in organization 

compared to men. Taking a “gender as variable” perspective may allow exploration of policy measures targeting women 

and men. It may help to search for the built-in gender bias embedded in policy and research on innovation.  

Looking into the policy, there are some gender issues that are quite apparent. One is that in the EU women and science 

activities are funded under the science/society programme – the smallest component amount in the research budget, 

while most money goes into the male-dominated science and engineering programmes. Most policy recommendations 

follow an equal treatment or positive action approach, focusing on women, not on gender. They rather focus on 

increasing the share of women scientists in industrial research, still missing a comprehensive approach gendering the 

foundations of EU research policy (Abels 2012, p. 202). And the result is the underrepresentation of women in science 

and among holders of commercial patents. 

Taking this into account, the paper looks into the dynamics of changes in terms of the number of women and men 

researchers, R & D personnel and inventors, and combines them with the changes in R & D expenditures in business 

sector. This simple exercise is based on the disaggregation of data by gender. The analysis is conducted for the EU 

countries. Two groups of leading countries have been distinguished in terms of creative patent activities – 10 EU leading 

countries and three leading transition economies. The objective of this exercise is to present the correlation between R & 

D expenditures and employment of women and men in R & D sector, and to compare the two distinguished groups of the 

countries. Such information should then be used to design new gender-aware set of policies. 

2. Research Method 

There are various sources of patent information. This article uses the full patent database (for European patent 

applications) of Thomson Innovation developed by Thomson Reuters for the period of 1999-2013. In order to work with 

such an extensive metadata set of bibliographical descriptions, it is necessary to apply automated techniques of grouping 

items using dictionaries of female and male names, as well as typology of other agents (separately for inventors and 

entities applying for a patent) and postal codes (indicated separately as a standard as part of the addresses of patent 

inventors and seats/addresses of entities applying for a patent). The research period – 1999 – 2013 – was chosen due to 

the integrity of primary data obtained from EPO database. From patent statistics the data chosen concern time series of 

annual numbers of female and male inventors of novelties that received patent protection in years 1999-2013 under 

European patent application including their association with agents belonging to business sector. Additionally, Eurostat 

data have been used regarding indicators, such as: “Population by age and sex”, “Total female R&D personnel and 

researchers business enterprise sector”, “Total intramural R&D expenditure (GERD) of business enterprise sector”.  

The research was carried out in four stages. The first one aimed to determine two groups of leading countries in terms of 

the number of women and men inventors from 19 EU countries and from 9 transition states that are currently members of 

the EU: Bulgaria, Czech Republic, Estonia, Lithuania, Latvia, Poland, Romania, Slovakia and Hungary. At this stage of 

the research all EU countries were taken into consideration. The division into two separate groups was due to the fact that 

patent activity of 9 transition states measured by the number of patents awarded by the EPO in the whole period reached 

0.78 %, while 99.22 % was awarded to 19 EU member states. And since the goal was to determine the trends that would 

describe women and men creative patent activity both in the EU countries, and in the group of transition economies, such 

a division appeared to be necessary. Identified leading countries from the two groups were then used to obtain time series 

that are presented in table 1.  

Table 1: Time Series Obtained During the Preparation of Entry Data for All Leading EU Countries 

in the Period 1999-2013 

Variables Description 

xc Time series of the total intramural R&D expenditure (GERD) of business sector. 

ycwr Time series of the women R+D personnel and researchers in business sector. 

ycmr Time series of the men R+D personnel and researchers in business sector. 

ycwp Time series of the women inventors of industrial property in the business sector. 

ycmp Time series of the men inventors of industrial property in the business sector. 

Source: authors‟ own work 
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The presented time series allowed, in the second stage of research, to verify statistically significant correlation between R 

& D expenditures in the business sector, and the number of women inventors, number of men inventors in business 

sector in each of the leading EU countries. Pearson correlation coefficient
3
 was used in this stage (Triola, 2014; Doane & 

Seward, 2012): 
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(Equation 1) 

where: 

rcz – Pearson's correlation coefficient, calculated for each country covered by the research and pair of time series being 

verified for the presence of statistical correlation, 

n – number of observations, 

c – another country covered by the research, 

z – pair of time series (corresponding to the variables), being verified for the presence of statistical correlation, 

p – another time series of variable subjected to verification of the presence of statistical correlation with the annual value 

of the intramural expenditure on R&D activity of the business enterprise sector: ycwr, ycmr, ycwp, ycmp, respectively        

(table 1), 

i – another pair of two time series observations (corresponding to the number of years in the calculated series), 

xci – another observation of the annual value of the intramural expenditure on R&D activity of the business enterprise 

sector (table 1), 

ycpi – another observation of the annual number  of variable subjected to verification of the presence of statistical 

correlation: ycwr, ycmr, ycwp, ycmp, respectively (table 1), 

 ̅ – arithmetic mean of expenditure on R&D activities throughout the research period, 

 ̅  – arithmetic mean of the annual number of variable subjected to verification of the presence of statistical correlation: 

ycwr, ycmr, ycwp, ycmp, respectively (table 1), throughout the research period. 

Table 2 presents pairs of variables that were verified using Pearson correlation coefficient.  

Table 2: Variables Verified for the Existence Of Correlation for Each Country in 1999-2013 

Correlation Coefficient Variable Xc Variable Ycp 

rc1 xc ycwr 

rc2 xc ycmr 

rc3 xc ycwp 

rc4 xc ycmp 

Source: authors‟ own work 

The third stage of research focused on the annual values of the ratio of the number of women to the number of men 

calculated using time series from table 1. In order to calculate the ratio the following equation has been used: 

      
     

     
 (Equation 2) 

where: 

Wmacr – annual value of women to men ratio for each country studied  

                                                 
3
 Other two correlation coefficients Rho Spearmana and Kedalla Tau were calculated for a sample of countries, and they 

gave similar results. 
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ycapw – annual value of the time series, presented in table 1, of variable representing women: ycwr, ycwp, respectively for 

each country covered by the research, 

ycapm – annual value of the time series, presented in table 1, of variable representing men: ycmr, ycmp, respectively for each 

country covered by the research, 

c – following country researched, 

r – number of the following variable comprising time series, calculated as the women to men ratio, 

a – following year in the time series. 

Table 3 presents variables obtained using equation 2. 

Table 3: Time Series of the Annual Values of the Women to Men Ratio for Each Country Examined 

in 1999-2013 

Variables Description 

Wmac1 
Time series of the women to men ratio, being R+D personnel and researchers of 

business sector. 

Wmac2 
Time series of the women to men ratio, being inventors of industrial property of 

the business sector. 

Source: authors‟ own work. 

The last, forth, stage focused on dynamics of change, using time series of variables presented in tables 1 and 3. The 

dynamics of change was determined using the average rate of change in time, as demonstrated in the equations below 

(Freedman et.al. 2007, Sobczyk, 2007, Hughes-Hallett, et al., 2014): 

    ̅   
 

   
∑   

    

      

 

   

 (Equation 3) 

 

      ( ̅     )      (Equation 4) 

where: 

 ̅   – stands for the geometric mean of chain indices calculated separately, specified variables (in tables 1 and 3) for each 

EU member state for the entire period under analysis,  

g – following variable (in table 1 or 3), for which the calculation has been done in each country under analysis, 

n – number of observations in a time series (corresponding to the number of years of the period under analysis), 

i – following observation in the time series, 

c – next EU country included in the study, 

 
    

      
 – value of the next chain index, 

       – average rate of change of the value of the following variable (in table 1 or 3), in each country under analysis. 

Using equations 3 and 4 the values have been obtained for the each country under analysis in the entire period 1999-

2013. The results have been presented in table 4. 

 

Table 4: Variables Calculated in the Third Stage of the Research 

Symbol Description 

AcrC1 Average rate of change of the total intramural R&D expenditure (GERD) of business sector. 

AcrC2 Average rate of change of women being R+D personnel and researchers of business sector. 

AcrC3 Average rate of change of men being R+D personnel and researchers of business sector. 
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AcrC4 Average rate of change of women being inventors of industrial property of the business sector. 

AcrC5 Average rate of change of men being inventors of industrial property of the business sector. 

AcrC6 
Average rate of change of the women to men ratio, being R+D personnel and researchers of 

business sector. 

AcrC7 
Average rate of change of the women to men ratio, being inventors of industrial property of the 

business sector. 

Source: author‟s own work 

 

The results allowed to conduct the comparison, and to phrase conclusions and recommendations. 

3. Research Results 

3.1 Identification of the Leading Countries in Terms of Creative Patent Activity 

The first stage of research work was executed for each of the 28 EU member states. It consisted of selecting two groups 

of leading countries in terms of the number of women and men inventors from 19 EU countries and from 9 transition 

countries that are currently members of the EU: Bulgaria, Czech Republic, Estonia, Lithuania, Latvia, Poland, Romania, 

Slovakia and Hungary. The identification of these groups was conducted in two steps. In the first one, the criterion was 

the share of women, men and women and men inventors in the total number of women, men and women and men in 19 

EU countries and 9 transition EU countries. In the second step, the criterion was the share of women, men, and women 

and men inventors of industrial property per 1 m citizens, women, men, and women and men.  

In the period under analysis, in all EU member states 58 678 women and 733 281 men were regarded as inventors of the 

industrial property. The total number of women and men inventors was 791 959. In table 5 the proportions of women and 

men as inventors of industrial property are presented.  
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Table 5:  Share of Women and Men Inventors of the Industrial Property in 1999-2013 

Country 

Share of women inventors 

in a total number of 

women inventors in the 

EU in the whole period 

analysed badawczym 

Share of 

men 

inventors 

in a total 

number of 

men 

inventors 

in the EU 

in the 

whole 

period 

analysed 

Share of 

inventors 

in a total 

number 

of 

inventors 

in the 

EU in 

the 

whole 

period 

analysed 

Share of 

women 

being 

inventors 

per 1 m 

female 

inhabitants 

[%] 

Share of 

men being 

inventors 

per 1 m of 

male 

inhabitants 

[%] 

Share of 

women 

and men 

being 

inventors 

per 1 m of 

inhabitants 

[%] 

Austria 1.02% 1.67% 1.62% 3.54% 6.66% 6.35% 

Belgium 0.49% 0.58% 0.58% 1.35% 1.79% 1.75% 

Bulgaria 0.08% 0.01% 0.02% 0.29% 0.06% 0.07% 

Croatia 0.23% 0.02% 0.04% 1.53% 0.18% 0.29% 

Cyprus 0.00% 0.00% 0.00% 0.06% 0.06% 0.06% 

Czech Republic 0.25% 0.14% 0.15% 0.70% 0.45% 0.47% 

Denmark 2.58% 1.54% 1.61% 13.81% 9.09% 9.54% 

Estonia 0.03% 0.02% 0.02% 0.69% 0.38% 0.39% 

Finland 2.36% 2.02% 2.04% 12.91% 12.45% 12.47% 

France 21.49% 15.17% 15.64% 9.73% 7.92% 7.99% 

Germany 37.16% 53.75% 52.52% 13.03% 21.30% 20.57% 

Greece 0.04% 0.05% 0.05% 0.12% 0.14% 0.14% 

Hungary 0.95% 0.34% 0.38% 2.64% 1.12% 1.22% 

Ireland 0.36% 0.27% 0.27% 2.49% 2.03% 2.09% 

Italy 9.76% 5.08% 5.42% 4.79% 2.88% 3.00% 

Latvia 0.03% 0.01% 0.01% 0.38% 0.16% 0.17% 

Lithuania 0.02% 0.01% 0.01% 0.14% 0.07% 0.07% 

Luxembourg 0.05% 0.09% 0.08% 2.94% 5.83% 5.64% 

Malta 0.00% 0.00% 0.00% 0.00% 0.03% 0.03% 

Netherlands 1.79% 2.25% 2.21% 3.19% 4.44% 4.37% 

Poland 0.35% 0.14% 0.16% 0.26% 0.12% 0.13% 

Portugal 0.08% 0.04% 0.04% 0.22% 0.13% 0.14% 

Romania 0.04% 0.01% 0.01% 0.05% 0.02% 0.02% 

Slovakia 0.07% 0.02% 0.02% 0.40% 0.12% 0.14% 

Slovenia 0.19% 0.07% 0.08% 2.67% 1.07% 1.21% 

Spain 2.18% 0.94% 1.03% 1.44% 0.69% 0.76% 

Sweden 4.37% 4.14% 4.16% 14.01% 14.58% 14.67% 

United Kingdom 14.03% 11.65% 11.82% 6.64% 6.23% 6.25% 

Total 100% 100% 100% 100% 100% 100% 
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Source: author‟s own work based on: EPO patent statistics (2014), available at Thomson Innovation: 

http://www.thomsoninnov-ation.com/ti/conte-ntsets/patents/, (Accessed: 08.12.14). 

Columns 2, 3 and 4 (table 5) present the percentage shares of respectively women, men, and women and men in the total 

number of respectively women, men, and women and men that are inventors of industrial property, coming from the EU 

countries in years 1999-2013 presented. Columns 5, 6 and 7 present the shares of respectively women, men, and women 

and men that were inventors of industrial property in 1999-2013 per 1 m inhabitants of the EU countries, respectively 

women, men, and women and men presented. The share of women and men from a given country in the total number of 

women and men from all EU countries that are inventors of industrial property is shown in figure 1.  

Fig. 1. Share of Women and Men Inventors in the Total Number of Inventors (Women and Men) in 

the EU Countries in Analysed Period 

 

Source: author‟s own work 

As it is presented in the table 5 and figure 1, the share of inventors (women and men) coming from Germany, France, 

UK, Italy, Sweden, the Netherlands, Finland, Austria, Denmark and Spain comprise 98.07% of total inventors (women 

and men) from all EU member states in the period under study. The shares of inventors coming from 9 transition states 

comprise 0.78% of a total number of inventors. The share of inventors coming from Poland, Hungary and Czech 

Republic comprise 88.46% of total inventors (women and men) coming from all post-socialist states under study in the 

analysed period. 

The presented results from the first step of the identification of the leading groups point at the following countries as 

leaders from the EU countries in terms of creative activity in industrial property in years 1999-2013: Germany, France, 
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UK, Italy, Sweden, the Netherlands, Finland, Austria, Denmark and Spain. Among the 9 transition countries Poland, 

Hungary and Czech Republic may be considered leaders in term of creative patent activity in 1999 – 2013.  

The second step of the identification of groups of the leading countries, the criterion of the share of women, men, and 

women and men inventors of industrial property per 1 m inhabitants, women, men, and women and men in analysed 

period was adopted. The results are presented in figure 2. 

Fig. 2. Share of Women and Men Inventors Per 1 M EU Inhabitants in the Analysed Period 

 

Source: author‟s own work 

The data presented above show that shares of inventors (women and men) coming from Germany, Sweden, Finland, 

Denmark, France, UK, Luxemburg, the Netherlands and Italy comprise 90.85% of total number of inventors (women and 

men) per 1 m EU inhabitants in the analysed period. Shares of 9 transition states comprise 2.69% of total number of 

women and men inventors of industrial property per 1 m EU inhabitants. Share of inventors (women and men) coming 

from Poland, Hungary, Czech Republic, Latvia and Estonia comprise 88.49% of total number of inventors (women and 

men) coming from the transition economies in the analysed period. 

As a result of the second step of the identification of leading countries in terms of creative activity per 1 m inhabitants, 

both women and men, and women and men together, it could be stated that for the EU the leading countries are as 

follows: Germany, France, UK, Italy, Sweden, the Netherlands, Finland, Austria, Denmark and Luxemburg. While 

comparing the results of the first and the second steps of the identification, it could be noticed that nine countries are the 

same. There are, however, differences in both steps – there is Spain identified as a leading country in the first step, and 
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Luxemburg in the second. Taking into consideration the number of inhabitants, Spain makes up more than 22% of all EU 

inhabitants, while Luxemburg only 0.5%. Due to this, Spain is more significant state in terms of the number of citizens. 

Additionally, there were 8 146 inventors of industrial property in Spain, while in Luxemburg only 657 for the whole 

period under study, which makes Spanish inventors a cohort 12 times bigger. Thus, for further research Spain was chosen 

for the group of leading EU countries. The first identified group of the leading EU countries in terms of the creative 

activities consists of: Germany, France, UK, Italy, Sweden, the Netherlands, Finland, Austria, Denmark and Spain. There 

is quite a different situation in the 9 transition EU states. None of these countries could be considered a leading country 

in terms of creative activity, therefore none is enlisted in the first group.  

In the second step of identification, Latvia and Estonia, along with Czech Republic, Hungary and Poland, were identified.  

The reason for it is probably the low number of inhabitants, since creative activity in these two countries is one of the 

lowest among post-socialist EU states. In the analysed period, there were 18 women and 73 men inventors of industrial 

property in Latvia, and respectively 20 and 110 in Estonia. Due to this, and taking into consideration main research 

questions, the second group of the leading countries in terms of creative activity consists only of Czech Republic, Poland 

and Hungary.  

These two groups of countries were used in further stages of the study. 

3.2 Correlation of R & D Expenditures with the Creative Patent Activity of Women and Men 

Using equation 1, the statistical correlation between time series of variables listed in Table 2 was calculated. Results for 

10 EU leading countries are presented in table 6. 

Table 6: Correlation Coefficient for the Group of 10 Leading EU Countries for Years 1999-2013 

Country/Pearson Coefficient rc1 rc2 rc3 rc4 

Austria 0.99 0.99 0.64 0.73 

Denmark 0.92 0.94 0.76 0.76 

Finland -0.28 0.72 0.02 0.20 

France 0.98 0.98 0.84 0.72 

Germany 0.94 0.97 0.63 0.33 

Italy 0.99 0.98 0.76 0.67 

Netherlands 0.94 0.94 0.45 0.29 

Spain 0.99 0.99 0.87 0.85 

Sweden 0.43 0.34 0.53 0.42 

United Kingdom 0.52 0.47 0.37 0.17 

Source: author‟s own work 

The results presented in table 6 show that there is a strong positive correlation between R & D expenditures in business 

sector and each of the four variables used in the analysis in Austria, Denmark, France, Italy, and Spain. For the rest of the 

countries, there were strong positive correlations between R & D expenditures in business sector and the number of 

women and men inventors and R & D personnel in Germany 0.94, the Netherlands 0.94 and the United Kingdom 0.52; 

there are weak correlations for the same variables in Sweden 0.43; there is one weak negative correlation in Finland -

0.28, and this is the only case of such kind in the group of 10 leading countries. There are strong positive correlations 

between R & D expenditures in business sector and numbers of men inventors and R & D personnel in Finland 0.72, 

Germany 0.97 and the Netherlands 0.94; there is a weak positive correlation in Sweden 0.34 and the United Kingdom 

0.47. There are strong positive correlations between R & D expenditures and the numbers of women inventors and R & 

D personnel in the same sector in Germany 0.63 and Sweden 0.53; and there are weak correlations in Finland 0.02, the 

Netherlands 0.45 and the United Kingdom 0.37. And for R & D expenditures in business sector and the number of men 

inventors of industrial property there are weak correlations in Finland 0.2, Germany 0.33, the Netherlands 0.29, Sweden 

0.42 and the United Kingdom 0.17. 

Using equation 1, statistical correlations were calculated between time series described in table 2 for three leading post-

socialist countries. The results are presented in table 7.  
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Table 7:  Correlation Coefficient for the Leading Transition Countries in Years 1999-2013 

Country/Pearson Coefficient rc1 rc2 rc3 rc4 

Czech Republic 0.95 0.99 0.19 0.81 

Hungary 0.97 0.98 -0.05 -0.08 

Poland 0.49 0.91 0.38 0.89 

Source: author‟s own work 

Results presented in table 7 concerning the R & D expenditures in business sector and the number of women inventors 

and R & D personnel in the same sector show: strong positive correlation for Czech Republic 0.95 and Hungary 0.97, 

and weak positive correlation for Poland 0.49. There were strong positive correlations between R & D expenditure in 

business sector and a number of men inventors and R & D personnel in all analysed transition countries. In the case of R 

& D expenditures in business sector and the number of women inventors of industrial property in the same sector: there 

were weak positive statistical correlations in Czech Republic 0.19 and Poland 0.38, and weak negative correlation in 

Hungary -0.05. Between R & D expenditures and the number of men inventors of industrial property in the same sector 

there were strong positive statistical correlations in Czech Republic 0.81 and Poland 0.89, and weak negative correlation 

in Hungary -0.08. 

3.3 The Dynamics of Changes in Patent Activity of Women and Men in Business Sector 

New solutions are outcomes of research and development activities. Financial expenditure, as well as women‟s and 

men‟s involvement in R & D are inputs. Those variables are important for the measurement of creative patent activities 

of women and men, who are directly engaged in research and development which lead to the creation of new solutions 

that could be implemented in an industry. Using equation 2, it was possible to calculate time series presented in table 3. 

Then using equation 3 and 4 the dynamics of changes in specified variables presented in table 4 was calculated for each 

country under study. The results of these calculations are presented in the following sections of the paper for the EU 

leading countries and transition leading countries.  

3.3.1. The Dynamics of Changes in Patent Activity in EU Leading Countries 

The average rate of changes of variables described in table 4 for EU leading countries are presented in table 8. 

Table 8: Average Rate of Change of Variables Describing Patent Activity of the Leading EU 

Countries in 1999-2013 

Country\Variable AcrC1 AcrC2 AcrC3 AcrC4 AcrC5 AcrC6 AcrC7 

Austria 5.05% 5.91% 3.34% 7.03% 4.34% 2.48% 2.58% 

Denmark 5.77% 5.73% 4.12% 9.85% 6.00% 1.54% 3.64% 

Finland 4.04% -0.24% 0.09% 3.09% 1.68% -0.33% 1.39% 

France 3.58% 4.46% 5.32% 4.42% 3.14% -0.82% 1.24% 

Germany 3.70% 1.72% 1.47% 6.65% 3.01% 0.24% 3.54% 

Italy 4.76% 7.38% 5.26% 8.94% 4.74% 2.02% 4.01% 

Netherlands 3.95% 8.02% 6.17% 5.88% 2.68% 1.74% 3.11% 

Spain 7.28% 10.54% 7.21% 15.82% 9.33% 3.11% 5.94% 

Sweden 2.82% 1.13% 0.86% 8.04% 5.21% 0.28% 2.69% 

United Kingdom 1.51% 1.68% 2.06% 5.42% 1.33% -0.37% 4.04% 

Source: author‟s own work 

The results in table 8 show that in all EU leading countries R & D expenditures increased in business sector (variable 

AcrC1). The highest growth was noted for Spain, where the expenditures increased in the whole analysed period, from 

year to year on average by 7.28 %. The smallest increase was noted in the United Kingdom, where average annual 

growth of R & D expenditures in business sector in the whole analysed period was 1.51 %. 
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AcrC2 variable shows the dynamics of changes concerning the number of women researchers and R & D personnel in 

business sector in EU leading countries. The results presented in the table show that in all EU leading countries, besides 

Finland, the number of women researchers in business sector has increased. The highest growth was noticed in Spain, 

where the number of women has increased in the period under study from year to year on average by 10.54 %. This 

increase is higher than in the case of R & D expenditures in business sector, which in Spain reached 7.28 %. A situation 

similar to Spanish could be observed in Austria, France, Italy, the Netherlands, and the UK, where the annual average 

growth of R & D expenditures in business sector is lower than the annual average growth of the number of women 

researchers in the same sector. It could be concluded that the increase in R & D expenditures in business sector 

advantages the employment of women researchers in this sector.  

Variable AcrC3 represents the dynamics of changes in the number of men researchers and R & D personnel in business 

sector in EU leading countries. Calculations show that in all EU leading countries the number of men researchers and R 

& D personnel has increased in business sector. The highest growth was noted for Spain, where the number of men in the 

period under study has increased annually by 7.21 % on average. The lowest increase was noticed in Finland, where the 

annual average growth in the number of men researchers and R & D personnel has reached 0.09 %. 

The dynamics of changes in the number of women inventors of industrial property in business sector in EU leading 

countries is represented by a variable AcrC4. The results presented in table 8 show that in all EU leading countries the 

number of women inventors of industrial property has increased in business sector. The highest growth in business sector 

was noted in Spain, where the number of women inventors of industrial property has increased from year to year by 

15.82 % on average. It is much higher than average annual growth of R & D expenditures and of the number of women 

researchers and R & D personnel that reached in Spain respectively 7.28 % and 10.54 %. Similar situation could also be 

observed in Austria, Denmark, Germany, Italy, Sweden and the United Kingdom. Additionally, there was a higher 

growth of women inventors of industrial property than the number of women inventors and R & D personnel in Austria, 

Denmark, Germany, Italy, Spain, Sweden and the UK. It could be concluded that the growth of the number of women 

researchers and R & D personnel in business sector entails a greater growth of the number of women engaged in the 

cooperation in creative patent activities. It could be recognized as a synergy in women‟s cooperation in creation of new 

solutions for industry. The lowest growth was noted for Finland, where the number of women inventors of industrial 

property increased in analysed period from year to year by 3.09 % on average. 

The dynamics of changes of the number of men inventors of industrial property in business sector in EU leading 

countries is represented by the variable AcrC5. Results presented in table 8 show that in all EU leading countries the 

number of men inventors of industrial property in business sector increased in the period under study. The highest growth 

in business sector was noticed in Spain, where the number of men inventors of industrial property increased in the 

analysed period annually by 9.33 % on average. This growth is higher than average annual increases in R & D 

expenditures and the number of men researchers and R & D personnel, which were respectively 7.28 % and 7.21 %. 

Apart from Spain, similar situation could be observed in Denmark and Sweden. It could be concluded that in these three 

countries the increase in the number of men researchers and R & D personnel in business sector is linked to the greater 

increase in the number of men engaged in the cooperation in creative patent activity. Just as in the case of women, it 

could be treated as a synergy phenomenon in cooperation between men in creating new solutions for industry. However 

the scale of the phenomenon is 2.5 times greater in the case of women than in the case of men, because the synergy effect 

could be noticed in seven countries examined.  

The dynamics of changes in the ratio of the number of women to men researchers and R & D personnel in business sector 

in EU leading countries represents the variable AcrC6. Results show that the number of women in relation to men 

increased in the whole period under study in Austria, Denmark, Germany, Italy, the Netherlands, Spain and Sweden. The 

biggest change took place in Spain 3.11%. However, the opposite trend was observed in the rest of the countries. But it 

may be concluded that in most of the EU leading countries, in terms of patent activity, the ratio of the number of women 

to men researchers and R&D personnel was growing in years 1999-2013. 

The dynamics of changes in the ratio of women to men inventors of the industrial property in business sector in EU 

leading countries represents variable AcrC7. The results show that the ratio of women to men inventors was growing in all 

EU leading countries in 1999-2013. The fastest growth was noted in Spain 5.94 %. It can be concluded that the women‟s 

role in creative patent activity is growing in the period under study in EU leading countries. 

3.3.2 The dynamics of changes in patent activity in leading transition countries  

The results of calculations of the average changes described in table 4 for the group of leading post-socialist countries are 

presented in table 9. 
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Table 9:  Average Rate of Change of Variables Describe Patent Activity of the Leading Transition 

Countries in 1999-2013 

Country\Variable AcrC1 AcrC2 AcrC3 AcrC4 AcrC5 AcrC6 AcrC7 

Czech Republic 10.46% 2.61% 5.32% 0.00% 15.88% -2.57% -13.71% 

Hungary 15.90% 5.62% 10.10% 4.65% 0.47% -4.07% 4.16% 

Poland 8.99% -0.39% 2.87% 9.36% 26.12% -3.17% -13.29% 

Source: author‟s own work 

Based on calculations, it was observed that the dynamics of changes in R & D expenditures in business sector (variable 

AcrC1) was positive. The biggest change was noticed in Hungary, where the expenditures increased throughout the whole 

period annually by 15.90 % on average. The smallest change could be observed in Poland, where the annual average 

increase in R & D expenditures reached 8.99 %.  

The dynamics of changes concerning the number of women researchers and R & D personnel in business sector in 

leading transition countries is represented by AcrC2. The results in table 9 show that in Czech Republic and Hungary the 

number of women researchers and R & D personnel in business sector in the whole analysed period increased from year 

to year on average by 2.61 % and 5.62 %. The dynamics of change is significantly lower than the change in R & D 

expenditures in business sector. The opposite situation could be observed in Poland, where despite the positive change in 

terms of the R & D expenditures, the dynamics of changes in the number of women researchers and R & D personnel in 

the whole period under study decreased from year to year by 0.39 % on average.  

The dynamics of changes in the number of men researchers and R & D personnel in the business sector in leading 

transition countries represents the variable AcrC3. The results of calculations show that in all the countries the number of 

men researchers and R & D personnel in business sector increased, in Hungary in the highest degree annually by 10.10% 

on average. 

The dynamics of change in the number of women inventors of industrial property in business sector in leading transition 

countries is represented by the variable AcrC4. The results show that the greatest change in the number of women 

inventors of industrial property happened in Poland – annually by 9.36% on average. Simultaneously, in Poland the 

number of women researchers and R & D personnel decreased in the same period annually by 0.39% on average. It could 

be concluded that the patent activity of women in Poland in business sector is not linked to the employment in R & D 

divisions. This activity may also apply to small and medium enterprises, where such an activity is not conducted in a 

continuous way. 

The dynamics of changes in the number of men inventors of industrial property in business sector in leading transition 

countries represents AcrC5. The results presented in table 9 show that in all analysed countries there was an increase in 

the number of men inventors, and the highest one was observed in Poland, annually by 26.12 % on average. It is a much 

greater increase than in the case of women inventors of industrial property in Poland.  

The dynamics of change of the ratio of the number of women to the number of men researchers and R & D personnel in 

business sector in the leading transition states is represented by AcrC6. The results show that in all leading transition 

states there was a decrease in the ratio of women to men researchers and R & D personnel in business sector. This is a 

trend opposite to the one noticed in 7 EU leading countries, where the ratio of the number of women to men researchers 

and R & D personnel was increasing throughout the whole period under study.  

The dynamics of the change of the ratio of the number of women to men inventors of industrial property in business 

sector in leading post-socialist countries represents the variable AcrC7. The results show that in Czech Republic and 

Poland the ratio of the number of women to men inventors of industrial property decreased annually by 13.71% and 

13.29% on average respectively. This is also an opposite trend to the leading EU countries, where the ratio of the number 

of women to men inventors of industrial property was increasing in the same period. 

4. Conclusions and Policy Recommendations 

The following countries were included in the group of the EU leading countries in terms of patent activity: Germany, 

France, UK, Italy, Sweden, the Netherlands, Finland, Austria, Denmark and Spain. And the following countries were 

included in the group of leading transition countries that are currently members of the EU: Poland, Czech Republic and 

Hungary. This division was necessary because none of the transition EU member states is among the EU leaders in terms 

of creative patent activity. Nevertheless, this activity is an important factor of economic growth, which in turn leads to 

economic development and to the reduction of unemployment and poverty. The EU leading countries could be used as 

models for the transition states of how to increase the creativity and innovativeness of the economy. 
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In all EU leading countries the number of women inventors of industrial property in business sector was increasing in the 

whole period under study. Results of the conducted study show that in Austria, Denmark, Germany, Italy, Spain, Sweden 

and the United Kingdom the dynamics of growth of the number of women inventors of industrial property was higher 

than the dynamics of growth of the number of women researchers and R & D personnel. It could be concluded that the 

increase in the number of researchers and R & D personnel activates the higher increase in the number of women 

engaged in cooperation in creative patent activity. This relation could be defined as a synergy in the women‟s 

cooperation in the creation of new solutions for industry. In Spain, Denmark and Sweden there was higher dynamics of 

growth in the number of men engaged in the cooperation in creative patent activity than in the number of men researchers 

and R & D personnel in business sector. As in the case of women, this could be defined as a synergy phenomenon 

describing the cooperation of men in the creation of new solutions for industry. However, synergy phenomenon is much 

stronger in the case of women than men (2.5 times stronger), since the phenomenon appears in seven countries under 

study. It could also be concluded that since, in the majority of the countries, the number of women researchers and R&D 

personnel increased more rapidly than the number of men, and in all the countries the increase in the number of women 

inventors was higher than men, the success in terms of the number of patents awarded is the outcome of the changes in 

the structure by gender. 

The study conducted in the group of leading transition countries show that the dynamics of growth in the number of men 

inventors of industrial property is higher than in the case of women inventors in the same period under study. It is a 

different situation than in the EU leading countries, where the number of women inventors of industrial property was 

increasing at the higher pace than the number of men. At the same time, the dynamics of the growth of the number of 

men inventors of industrial property in Poland and Czech Republic was higher than in Spain, where the dynamics was the 

highest among EU leading countries. In Poland and in Czech Republic there was a drop in the ratio of the number of 

women to the number of men inventors of industrial property in business sector. It is a situation opposite to the one 

describing EU leading countries, where the ratio was increasing throughout the analysed period. It could be concluded 

that the role of women in the process of innovation is limited in business sector in transition countries. This limitation 

leads to the decreasing role of women inventors of industrial property in business sector. That could also be a factor 

explaining poor performance of these countries in terms of patent obtained. 

The results of the study conducted leads to certain policy conclusions. For the post-socialist countries, there is a need to 

further increase R & D expenditures in business sector. Additionally, the employment of R & D personnel and 

researchers should be monitored in order to promote hiring of women. In this context a new question should be posed – 

how to attract women to this sector? In order to answer this question, further research needs to be conducted that would 

focus on the reasons why women in post-socialist countries are not employed as researchers and R & D personnel. 
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