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INTRODUCTION AND LITERATURE REVIEW

This paper deals with influence of patents on national eco­
nomies of developed countries. Relationship between pa­
tents and economical development have been studied for 
decades and one of first attempts was described by Solow 
(1956) using growth accounting theory in order to find spe­
cific correlations between progress of technology and ove­
rall growth (1, 65-94). However, first indexes related to pa­
tent protection have become available in 1990 (2, 75-102). 
Further research on those indexes was provided by Ginarte 
and Park in 1997 (3, 283-301). Also, Romer (1990) was dea­
ling with correlation between knowledge, ideas and GDP 
analysing labour productivity (4, 71-102). UNCTAD (1996) 
has published work related to filed of influence of patents 
on national economies and implied that patents have im­
plications on overall inventive activity and broader use of 
new technology in scope of national economies (5, 281-307). 
Further conclusions were also connected with diffusion of 
patents (considering technology) into national economies. 
From the side of policies, there is variety of papers that di­
scussed influence of patent related policies and its impact in 
specific understanding of influence of patents on economic 
indicators (6, 557-574); (7, 143-157).  Newer research shows 
tight correlation between patents and GDP and implies that 
quantity and quality of innovation are important for eco­
nomic growth (8, 1264-1276); (9, 358-375). Within research 
performed on cases of 52 countries it was noted that coun­
tries with higher number of quality patents also increased 
economic growth (8, 1264-1276). However, some researchers 
argued that the question of how patents affect technology 
use and economic growth still remain question to be answe­
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This paper deals with the im­
pact of biotechnology patents 
on national economic growth. 
Biotechnology was selected as 
one of the highest growing indu­
stries oriented to field of R&D. 
It was noted that upward trend 
of growth of biotechnology in­
dustry is also related to industry 
dispersion in terms of  different 
areas of R&D. Existing literatu­
re has connected patents with 
national economies  in terms 
of  overall inventive activity and 
broader use of new technology 
in scope of national economies 
considering relevancy for policy 
changes. Research results of re­
gression analysis shown signi­
ficant impact of biotechnology 
patents on Economic growth. 
Results were interpreted in a 
way to implicate requirements 
for further policies adaptation.
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red (10, 197-205).  As this paper is based on quantitative met­
hods (including regression model) and our intention to seek for 
correlation and plausibility of results in practice within diffe­
rent set of variables that influences economic growth - we have 
reviewed literature related to similar analysis that have been 
done in past. For example, Maskus and Penubarti (1995) have 
performed statistical analysis that resulted in statistical signifi­
cance and positively correlated of GNP per capita and Patent 
Index in study that evaluates 48 countries (11, 227-248). Park 
and Ginarte (1997) identified a positive and statistically signifi­
cant estimated coeffi cient for GDP per capita (in a regression) to 
Patent Index (12, 289-328). Maskus (2000) identified U-shaped 
relations between GNP and Patent index (13, 365-387). Maskus 
further performed regression analysis on 72 countries (for pe­
riod 1985-1990) using Patent index (Park-Ginarte) as dependent 
variable and concluded that correlation is positive and statisti­
cally significant.  

In this research we have concentrated on 6 developed Eu­
ropean countries with highest number of registered patents 
in period after the Global financial crisis (2008) up to current 
moment. Patent count for those 6 countries was observed for 
period 2009-2018 and in accordance with methodology it repre­
sent dependable variable. For independent variable in regres­
sion analysis were selected indicators that we consider relevant 
for analysis: Gross Domestic Products per capita in Euro (GDP), 
Research and Development(R&D) Expenditure, Research and Deve­
lopment(R&D) Personnel count, Unemployment rate, Investment by 
GDP and High Technology Export ratio. As already mentioned it 
was implied that patents have implications on overall inventive 
activity and broader use of new technology in scope of national 
economies (5, 281-307). In addition, Szarowska (2017) has pro­
ven correlation between R&D expenditure and its impact on 
Economic growth (14, 90-103). Therefore we consider major in­
dicator for economic growth – GDP, and also indicators that are 
related to broader use of technology (defined through policies) :  
R&D Expenditure and R&D Personnel count. In case there is signi­
ficant correlation between number of patents in biotechnology 
industry and GDP, R&D Expenditure and R&D Personel count, 
relevant influence of biotechnology patents might be in signifi­
cant correlation with requirements of goverment policies. 

WHY FACTORS OF BIOTECHNOLOGY INDUSTRY 
AND PATENTS ARE RELEVANT FOR THIS RESEARCH?

Within this paper we were particularly interested in patents re­
gistration number and correlation with certain economic indi­
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cators. Registered patents as variable have been chosen to be 
used in this analysis due to its significance and overall impact 
on market and industries. Looking from the perspective of im­
portance of innovation - position of EU Commission on innova­
tions shows significance by itself (European Commission dec­
lared innovation as a „key factor in the competitiveness of European 
industry.”) (15). There are numerous reasons why to choose bio­
technology industry among others, and we were concentrated 
on fact this industry represents one of the fastest growing indu­
stries globally which is connected with increasing level of science 
and knowledge in related scientific disciplines (e.g. genetic engi­
neering). By definition, biotechnology is the application 
of scientific and engineering principles to the processing 
of materials by biological agents to provide goods and 
services (16, 49-209). Although biotechnology industry 
is mainly referred as industry for drugs production, in 
its history it was concentrated to solving problems rela­
ted to agriculture and food. However, modern associa­
tion on biotechnology as drug oriented industry shows signifi­
cant connection between fields of agriculture and pharmaceuti­
cal industries. In many countries policies regulating those fields 
are not primarily organised within same institution although in 
some other countries this is the case (e.g. Federal Drug Agency 
in USA). This paper primarily deals with influence of biotechno­
logy industry registration patents on national economies of 6 
developed countries within Europe. Therefore, it was important 
to understand significance of this industry on EU countries and 
to understand offi cial EU institutions approach to this industry 
framework and further development. European Commission 
defines impact of this industry on economy as significant and 
its main applications were categorised in 3 different groups: he­
althcare and pharmaceutical applications, agriculture, livestock, 
veterinary products, and aquaculture, industrial processes and 
manufacturing (17). In addition, relevance of biotechnology in­
dustry might be seen through analysis of all industries growth 
in EU. Biotechnology industry experiences higher than average 
growth rate in terms of patents applications and patent number 
rose for 10,5% annually for observed period 1990-2000 compa­
ring to 5% overall increase of patents (18). 

It was also considered as important to understand current 
and future potentials for development of biotechnology indu­
stry (future forecasting of influence of biotechnology industry 
development, innovation development and its implications to 
the national economies). Therefore we also considered role of 
diversification in biotechnology industry. Biotechnology indu­
stry framework is “guided” in different areas of research and 
development such as: immune therapies, service providers, 

Biotechnology industry is mainly
referred as industry for drugs 
production, in its history it was 
concentrated to solving problems
related to agriculture and food.
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advanced-medical products, metabolic diseases, brain and neu­
ronal therapies, drug delivery, antibodies and other.  Diversifi­
cation in firms performance is closely related to industry price-

cost margins and therefore there was noted correlation 
(20, 146-155). This practically means that diversity in 
biotechnology industry might be the key for further 
industry development having stronger impact on na­
tional economies and therefore relevance for choosing 

this industry for analysis is significant. 

POLICIES IMPLICATIONS IN BIOTECHNOLOGY 
INDUSTRY PATENTS

Major point in discussing EU policies in this research is ba­
sed on fact that one of the potential implications of research 
exploring correlations between patents and economic growth 
might result in different understanding of framework and thus 
requires policy changes. Results of evidence based and strong 
correlation between registered patents and economy growth 
pushed policy makers to influence on reducing country level 
patent protection, which enables firms to produce products pa­
tented in observed countries (10).  In case of European Union 

Diversification in firms 
performance is closely related

to industry price-cost margins.

Graph 1. Patent applications to the EPO – biotechnology (2012) (19)
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were noted various policies and programmes that supports the 
development of innovation in order to positively influence on 
research and development and to accelerate process of delive­
ring innovation from research to market (21). Major EU polici­
es achievements in field of biotechnology innovation were re­
lated to the harmonisation of patent law on biotechnological 
inventions in 1998 when was adopted EU Directive 98/44/EC 
known as Biotech Directive. Expert groups were organised by 
European Commission in order to work further on creating bet­
ter environment for biotechnology industry research and de­
velopment.  Implications of different policies on national and 
industry level of EU might highly influence research and deve­
lopment. There are many different implications of policies, and 
some of those are related to government spending on research 
and development through direct funding, non profit arrange­
ments and government run laboratories. Another example are 
tax breaks for research and development which implies sup­
porting R&D which was proven through history as successful.  
Also, cooperative research between educational and scientific 
institutions and private-public sector involved in research and 
development in biotechnology sector might brings effi cient re­
sults (22); (23, 76-78); (24, 172-176). 

METHODOLOGY

Research topic considered in this paper is related to the field 
of  innovation development and its economical impact (i.e. Bi­
otechnology industry patents). We have defined research que­
stion as follows:  How biotechnology industry patents registration 
influences National economy parameters? This research considers 
quantitative methods in order to emphasize measurements of 
objectives in order to perform statistical analysis of available 
data. Quantitative research in general is focused on collecting 
data sets and generalization in order to define specific phe­
nomenon (25). Within this research we were concentrated on 
correlation and effects between patent count in biotechnology 
industry and impact on economy growth. In this paper data 
sets were obtained from relevant sources including: European 
Patent organization; International Monetary Fund; European 
Commission and  EuroStat (27) (28) (29) (30). 

Quantitative data were collected from various databases 
which are public sources and includes different types of data 
gathered through time (defined per year).  It was searched for 
the connection between Patent counts, (especially Biotech Patent 
count), and economic variables such as: Gross Domestic Products 
per capita in Euro (GDP), Research and Development(R&D) Expen­
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diture, Research and Development(R&D) Personnel count, Unem­
ployment rate, Investment by GDP and High Technology Export 
ratio. Patent related dataset was collected from European Pa­
tent Offi ce (EPO) database whose main activity is based on se­
arching and working on patent applications (26).  In the patent 
data, we concentrated on Biotech Patent counts. 

Schema 1. Model approach 

Following economic indicators have been used (as indepen­
dent variables) : GDP; Research and Development Expenditure; Re­
search and Development Personnel count;  Unemployment rate; Total 
Investment percent of GDP and High Technology Export ratio (29). 
During analysis, coding was done in terms of naming conven­
tion. Based on the theory (including model approach) and re­
search question we have formed following hypothesis for this 
research:

H1:	 If number of patents in biotechnology industry in developed 	
	 countries increase – GDP will increase

H2:	 If number of patents increase in biotechnology industry in 	
	 developed countries – R&D expenditure will increase

H3: 	 If number of patents increase in biotechnology industry in 	
	 developed countries – R&D personal will increase

In terms of location of research and timeframe for analysis, 
there were selected 6 European countries depending on the­
ir total patent counts and Biotech patent counts respectively 
(France, Germany, Netherlands, Switz erland, Denmark and 
United Kingdom - it was decided to include all of these 6 Eu­
ropean countries in terms of biotech patent count performan­
ce to better understand the effect of patent count in general).  
Although not all of selected countries are part of European 
Union (e.g. Switz erland), economies of observed countries are 
ranked as developed and their geographical position is also 
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concentrated within area of Europe. In addition, there are cur­
rent negotiations regarding change in EU membership status 
of United Kingdom (i.e. Brexit), but those negotiations were 
still not finalised at the time of this research.   In terms of ti­
meframe, there have been collected data for period 2009-2018 
and this particular period was selected based on ground that 
Financial Economic Crisis occurred in 2008 and we wanted to 
observe period after major impacts that occurred within that 
year and post-crisis effect. 

In terms of analysis, firstly there have been analysed 
means and standard deviation of observed variables. Fol­
lowing this analysis, Annova test was performed (through 
SPSS software). Linear Regression is one of the most used 
statistical process (predictive analysis) to explore and inter­
pret data. Depending on dataset Linear Regression might 
be used as a way to explain one dependent variable with 
the help of one independent variable.  In our case, Ordinary 
Least Square (OLS) as a type of linear least square method 
for calculate the parameters in a linear regression model is 
used. OLS uses Least Square principle which calculate ex­
planatory variables in the dataset by minimizing the sum 
of the squares of the differences between values of the pre­
dicted variable in dataset and calculated in linear function 
(32,15). In order to perform linear regression, we used SPSS 
software (IBM, v.2011).  

RESULTS

Descriptive statistics (i.e. mean; std.deviation; sum of squares; 
mean square) was performed via SPSS software (v.2011) and 
there were noted following results:

             Table 2. Descriptive statistics

                                                                              Source: SPSS results

Anova statistical test was performed via SPSS software 
(v.2011) and in table bellow are presented results:
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                                                                                 Source: SPSS results

Multiple Linear regression was used and P-value, as known 
as “Probability Value”,  is one of our criteria which explains the 
probability of hypothesis. For p-value, it is relevant if less than 
5% (or 0,05).  R-Squared is the term for explaining the success 
rate of the final equation regression provides. Confidence Level is 
another criteria which explains the probability for given confi­
dence level that true value of data will be contained in specified 
interval (33,120-148). The most used confidence level is 95% (34, 
43–45). In the confidence interval, change of the sign of the vari­
able is not acceptable because of the uncertainty of its effect on 
the equation. Based on those information results were interpre­
ted. Following results, it was decided not to proceed with use of  
following variables Unemployment rate, Total investment percent 
of GDP, High Technology Export Ratio (as independent variables) 
due to resulted changes in Confidence Interval values and high 
p-values. Then, we made our second regression with the mea­
ningful independent variables in our data. From the results, it 
was noted that there is a correlation between GDP, R&D Invest­
ment, R&D Personnel Count and Biotech Patent Count. For our in­
dependent variables, P-value, Lower and Upper CI is considered 
as acceptable. However, statistically, coeffi cients are not so high 
meaning that change in our independent variables affect the Bi­

Table 3. Anova test
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otech patent counts very powerlessly. R-Square says that our 
model is explaining this correlation with %65 success. Between 
Biotech patent counts and GDP and R&D Person Count, there 
is a negative relation. Between Biotech patent counts and R&D 
Investment, there is a positive relation.

CONCLUSION

This paper deals with nexus between National economies and 
number of patents (patent count) in biotechnology industry. Re­
search was based on conclusions that patents have implications 
on overall inventive activity and broader use of new technology 
in scope of national economies. To remind that previous rese­
arch has proven correlation between R&D expenditure and its 
impact on Economic growth, based on which we consider ma­
jor indicator for economic growth – GDP, and also indicators 
that are related to broader use of technology (defined through 
policies) – R&D Expenditure and R&D Personnel count. In case 
there is significant correlation between number of patents in bi­
otechnology industry and GDP, R&D Expenditure and R&D Per­
sonel count, relevant influence of biotechnology patents migh be 
in significant correlation with requirements of goverment po­
licies. Also, previous research defined within literature review 
section of this paper was explaining the impact of labour on na­
tional growth through factors of ideas and technology and also 
showing positive correlation between patent index and econo­
mic growth. Our results have shown that unemployment indi­
cator itself do not have significant nor positive correlation with 
biotechnology patent count. From the other hand, there was 
evidence of moderate correlation between biotechnology patent 
count and GDP, R&D Expenditure and R&D personal count. This 
shows that policies that are implemented on observed territory 
of Europe have significance in terms of support of patent de­
velopment in biotechnology industry. Also, it was shown that 
biotechnology patents have direct implications on GDP which 
confirms previous analysis for other industries. 

In regards of results and implications to public policies 
changes, there would be proposition to further reshape polici­
es in terms of better overall support to biotechnology industry 
(R&D sector) that would result in increased number of patents. 
Regression analysis results were interpreted in a way to impli­
cate requirements for further policies adaptation in terms of 
support to higher R&D Expenditure and increasing number of 
employees in R&D sector, referring especially to policies that 
“fosters innovations” in this particular industry.   This study 
was performed on limited sample of 6 developed countries in 
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Europe with largest number of biotechnology patents for pe­
riod 2009-2018. Additionally, this exercise should include mo­
re control variables in order to clarify endogeneity of results. 
Study limitations are potentially affected with data set size and 
in case that more countries were selected with wider timeframe 
analysis, results would be potentially able to show higher level 
of generalisation. 
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KVANTITATIVNA 
ANALIZA UTICAJA 
BIOTEHNOLOŠKIH 
PATENATA NA 
NACIONALNE 
EKONOMIJE I 
FORMIRANJE ZAKONA 
I PROPISA
REZIME 
Ključne reči: biotehnološka in­
dustrija, patenti, ekonomski rast, 
zakoni i propisi.

Ovaj rad se bavi uticajem bioteh­
noloških patenata na nacionalni 
ekonomski rast. Biotehnologija 
je izabrana kao jedna od indu­
strija sa najvišim rastom koja je 
orijentisana na područje istraži­
vanja i razvoja. Primećeno je da 
je uzlazni trend rasta biotehno­
loške industrije takođe povezan 
sa industrijskom disperzijom u 
pogledu različitih oblasti R&D. 
Postojeća literatura povezivala 
je patente sa nacionalnim eko­
nomijama u pogledu ukupne in­
ventivne aktivnosti i šire upotre­
be nove tehnologije u dometu 
nacionalnih ekonomija obayiruí 
se na relevantnost rezultata za 
promenu zakona i propisa. Re­
zultati istraživanja regresione 
analize pokazali su značajan uti­
caj biotehnoloških patenata na 
ekonomski rast. Rezultati su pro­
tumačeni na način da impliciraju 
zahteve za dalje prilagođavanje 
politika.


