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Abstract. The purpose of the paper is to show how fast university knowledge is 
transferred to enterprises located in Poland. An analysis of patent applications of 
enterprises made it possible to conclude that (1) academic knowledge diffuses to 
enterprises faster (11.93 years) than industrial knowledge (13.63 years); (2) univer-
sity knowledge from patents diffuses faster (11.62 years) than from scientific papers 
(12.45 years) and (3) academic knowledge of foreign origin diffuses to enterprises 
faster (9.96 years) than knowledge of domestic origin (12.87 years).
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Introduction
Inventions, frequently referred to as breakthrough innovations, are the driv-

ing force for enterprise, industry and entire country development. This is why 
it is so important for policymakers to stimulate inventiveness of domestic en-
tities, which can result in their improved competitiveness but also that of the 
entire domestic economy.

University research is commonly regarded as one of the key factors that 
determine creativity and inventiveness and, consequently, competitiveness of 
enterprises (Rosenberg, Nelson 1994; Monjon, Waelbroeck 2003; MacGarvie, 
Furman 2005; Branstetter, Ogura 2005; Kim et al. 2005; Motohashi 2005; Nils-
son et al. 2010; D’Este, Perkmann 2011; Roessner et al. 2013). Therefore, poli-
cies of the most countries use instruments that encourage academic researchers 
to conduct studies meeting the needs of industry as well as to cooperate and 
share their knowledge with business representatives (Link, Siegel 2005; Lach, 
Schankermen 2008). It is also shown that the inventive output of industry is 
the larger and the economy is the closer to the perfect frontier of innovation 
capacity the stronger are linkages between science and business and the faster 
ideas developed at universities reach enterprises (Adams et al. 2006; Adams, 
Clemmons 2013).

It is therefore an important question how fast academic science leaks to 
economy. According to common expectations, knowledge of university origin 
should diffuse more quickly than knowledge coming from company laborato-
ries. It stems mainly from the fact that scientific researchers are interested in 
rapid dissemination of the results of their studies (Stephan 2004) while enter-
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prises tend to protect access to their own know-how (Furman, Stern 2004). So 
far as academic knowledge itself is concerned, the results of studies included 
in scientific publications should be more quickly transferred to enterprises than 
ones included in patent publications because scientific publications become 
public knowledge faster than patent ones do. In most countries, complete in-
formation about an invention is disclosed only after patent protection has been 
granted (Baughn et al. 1997; Cohen et al. 2002; Wachowska 2015), which re-
sults in time of knowledge diffusion from patents being extended by the time 
of exclusive rights granting procedure. Considering that in many countries 
patent procedure takes about 3 to 8 years (Niklewicz-Pijaczyńska 2015) and 
sometimes it extends to as long as about 10 years, the diffusion of academic 
knowledge from patents may take 3 years longer than in the case of knowledge 
diffusion from publications.

Although the diffusion of basic research stimulates innovativeness and eco-
nomic growth, there are relatively few studies addressing the problems of the 
rate of knowledge diffusion, including that of university knowledge. Moreover, 
in most of them, authors focus on indicating the factors that are stimulants for 
or obstacles to the rate of know-how diffusion rather than on estimating this 
rate. Meanwhile, those which make attempts at measuring the rate of diffusion 
of new ideas yield fairly different results.

The study by Griliches (1957), in which the author undertook the measure-
ment of the rate of knowledge diffusion by estimating time needed by Amer-
ican farmers to adopt hybrid corn, may be regarded as pioneering. Mansfield 
was also occupied with the problem of the rate of knowledge leakage and he 
analyzed the causes of lags in the adoption of diesel locomotive by American 
companies. Mansfield also made an attempt at estimating the rate of diffusion 
of various types of technological knowledge of enterprises to their competitors 
(1985) and he found that information on development decisions leaks to the ri-
vals within 12 to 18 months while information on a new product does so within 
one year. Studies aimed at estimating the rate of industrial knowledge diffusion 
were also conducted by Adams, Clemmons and Stephan (2006), according to 
whom industrial knowledge diffuses between enterprises within 3.3 years and 
by Adams and Clemmons (2013) who showed that lags between basic research 
and inventions of enterprises are about 11 to 16 years. Sorenson and Singh 
(2007), meanwhile, argue that the number of years necessary for industry-gen-
erated inventions to diffuse depends on what type of knowledge they are based 
on. According to them, inventions based on university science diffuse faster 
than any other ones.

So far as the measurement of the rate of academic knowledge is concerned  
– depending on the research period and the entities covered by the analysis – the 
conclusions from the research are fairly different. According to Adams (1990), 
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the absorption of the effects of university research by industry takes 20 years, 
Branstetter and Ogura (2005) estimate it to take 16.67 years while Adams et 
al. (2006) find that 3 years are enough for the knowledge from universities to 
leak to industry. 

Problems of the rate of knowledge diffusion were also addressed by oth-
er researchers (Scotchmer 1991; Henderson, Cockburn 1996; Mansfield et al. 
1981) but they focused mainly on factors stimulating and delaying adoption of 
new knowledge rather than on estimating the rate of transfer of know-how.

It must be also emphasized that the majority of studies on the rate of knowl-
edge diffusion are limited to the United States. In the Polish literature on the 
subject there is a lack of works to address the problems of the rate with which 
knowledge originating from universities is transferred to enterprises. This 
paper contributes to the debate on the efficiency in the area of relationships 
between science and industry by proposing research focused on the rate of 
diffusion of academic knowledge among enterprises in the conditions of Polish 
economy.

The purpose of this paper is to indicate how fast knowledge developed in 
academic laboratories is transferred to enterprises located in Poland. The paper 
considers three questions: (1) how fast does academic knowledge leak to indus-
try? and (2) how fast does academic knowledge diffusion occur in comparison 
with industrial one?, (3) what are differences between the rates of knowledge 
diffusion from academic papers and patents? and (4) what are differences be-
tween the rates of diffusion of foreign and domestic academic knowledge?

In order to address these questions, firstly the rate of diffusion of academic 
knowledge has been estimated with the use of “lags” in patent citations, defined 
as the difference between the year of the first filing of the citing industrial 
invention for protection and the year of the first filing of a cited invention or 
the date of a cited academic publication. More specifically, patent documents 
of enterprises have been analyzed with the focus on how many years passed 
from the moment in which a given academic invention had been filed for patent 
protection or a given scientific paper had been published up to the moment in 
which they were cited in a patent application by an enterprise located in Poland. 
Further – based on lags between citing and cited industrial patents – the rate 
of science diffusion has been compared with the rate of industrial knowledge 
diffusion. Subsequently, based on lags between citing industrial patents and 
cited academic patents, the rate of academic knowledge diffusion from papers 
has been compared with the rate of academic know-how diffusion from patents. 
And ultimately – with the use of lags between citing patents of enterprises and 
cited domestic academic papers and patents as well as foreign academic papers 
and patents – a comparison has been made between the rates of domestic and 
foreign academic knowledge.
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The paper uses a unique database developed by the author that combines the 
characteristics of cited academic papers and patents with the characteristics of 
citing industrial patents. Patent documents have been analyzed 22 enterprises 
filing their inventions for patent protection in Poland which showed the largest 
inventive activity in years 2005-2011. A total of 413 patent applications have 
been analyzed which related to protection rights to inventions granted by the 
Polish Patent Office (UPRP) in years 2005 to 2011.

Because of the fact that Poland is at a different stage of development than 
the United Stated, Japan or many EU countries and occupies a distant place 
in international competitiveness rankings, which results in Polish enterprises 
being absent from the rankings of world leaders of innovation, the study has 
covered a relatively small number of enterprises (22). This is due to the fact 
that in Polish conditions enterprises obtain relatively few patents. For instance, 
the most active enterprises in terms of innovation received on average from 1.6 
to 10 patents a year in 2005-2011 while the enterprise occupying the 22nd place 
received as few as 0.3 patents a year. Hence including taking further enterpris-
es in the analysis would probably not change the final results which have been 
based on 22 enterprises only.

1. Measurement of the rate of knowledge diffusion with the 
use of „lags” in patent citations

Patent documents, by providing various characteristics pertaining to inven-
tors and their inventions, are a valuable source of information on knowledge 
diffusion. Patent applications disclose, among other things, details of the entity 
that has received exclusive rights to an invention, the creators of the invention, 
the number of years of protection paid by the entity eligible to the patent, and 
finally the detailed information on inventors and their publications (patent and 
scientific) whose knowledge has been an inspiration to generate the invention. 
In particular, the latter information is helpful in estimating the size and strength 
of know-how diffusion and Jaffe et al. (1993) were the first to use it to do this.

A patent application lets us know, among other things, (1) to whom the in-
vention of scientific paper cited in this application belongs, (2) whether the 
cited invention or publication has been developed in an enterprise, university 
laboratory or other R&D entity, (3) in which country the entity that is the cre-
ator of the cited invention/publication is located, (4) in which year and what 
country the cited invention was filed for patent protection for the first time as 
well as (5) in which year the cited publication was published. If we compile 
these data with the information on the year of filing of the „citing” invention for 
patent protection then it will be possible to estimate the „lag” in patent citations, 
i.e. the rate of knowledge diffusion from the cited researcher to the citing one, 
including its division into the rates of knowledge diffusion from enterprises 
and universities.
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Although the use of patent citations for the measurement of the magnitude or 
the rate of knowledge diffusion has some limitations, this method is considered 
to be one of the best. It is so in the first place because – unlike other methods 
based on citations – there is little probability that creators of inventions will 
conceal the work of others on which they based their technical solutions – since 
this would expose them to legal sanctions – or that they will show irrelevant 
knowledge – since then they would reduce the extent of patent protection. More-
over, patent citations reflect the most valuable knowledge, the most precious 
know-how of the researchers. This is because they disclose only this transfer of 
knowledge which contributes to the development of breakthrough innovations, 
i.e. inventions, which means that they make it possible to evaluate the actual 
diffusion of knowledge rather than only the diffusion of imitation processes.

In spite of its advantages, the method of patent citations is not perfect. Firstly, 
some citations in patent descriptions are included by patent researchers, which 
means that in fact the inventor did not use the cited knowledge (Azoulay et al. 
2011; Alcacer et al. 2009; Alcacer, Gittelman 2006). Secondly, patent citations 
do not reflect flows of more private knowledge, obtained in an informal way, 
which has not left its trace „on paper” (Roach, Cohen 2012). Finally, because 
of the fact that not all innovations are being patented, patent citations are only  
a partial measure of knowledge flows.

In order to determine the average number of years needed by enterprises 
from Poland to acquire academic knowledge, the paper uses „lags” in citations 
included in patent applications of 22 enterprises relating to protection rights to 
inventions which were granted by UPRP in 2005-2011.

2. Rate of adoption of academic knowledge by enterprises 
from Poland: analysis of research results

On the basis of an analysis of 413 patent applications of 22 enterprises filing 
their inventions for patent protection in Poland it may be concluded that knowl-
edge of university origin diffuses among the enterprises covered by the study 
faster than knowledge created in industrial laboratories (Table 1). This finding 
is consistent with the expectations and results of analogical studies for other 
national economies.

Table 1.	 Adoption times of academic and industrial knowledge by enterprises from Poland 

Enterprise
Total  

number  
of patents

Average num-
ber of years 
of academic 
knowledge 
acquisition

Average num-
ber of years 
of industrial 
knowledge 
acquisition

Average num-
ber of years 

of knowledge 
acquisition  

in total
ABB Sp. z o.o. 70 11,69 14,84 14,28
Polin Sp. z o.o. 35 14,22 11,60 11,84
Pioma S.A. 34 33,00 14,92 17,18
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Zakłady Azotowe Puławy S.A. 31 12,31 21,38 19,52
Sigma S.A. 36 17,75 9,33 9,92
KGHM Cuprum Centrum B+R 27 3,00 7,33 6,25
Zelmer S.A. 12 - 9,77 9,77
Rybnicka Fabryka Maszyn 
Ryfama S.A. 8 - 13,6 13,60

Apator S.A. 12 15,75 12,05 12,69
Dozut-Tagor Sp. z o.o. 18 16,00 8,3 9,00
Seco/Warwick S.A. 8 6,4 8,27 7,87
Zakłady Mechaniczne Pamet 
Sp. z o.o. 4 - 12,40 12,40

Południowy Koncern Ener-
getyczny S.A. 18 9,0 13,00 12,60

KGHM Polska Miedź S.A. 8 - 12,25 12,25
Przedsiębiorstwo Farmaceu-
tyczne Jelfa S.A. 6 - - -

Bombardier Transportation 
(ZWUS) Polska Sp. z o.o. 23 1,00 11,55 11,00

Zabrzańskie Zakłady  
Mechaniczne S.A. 14 - 7,11 7,11

Fabryka Okuć Meblowych 
Stalmot Sp. z o.o. 3 - 11,33 11,33

ICSO Chemical Production 
Sp. z o.o. 14 10,4 18,30 17,26

Zakłady Organiczne Organi-
ka-Sarzyna S.A. 8 9,7 21,61 14,87

Fabryka Zmechanizowanych 
Obudów
Ścianowych FAZOS S.A.

13 15,00 15,00 15,00

Becker-Warkop Sp. z o.o. 11 7,00 8,00 7,84
Enterprises totally 413 11,93 13,63 13,39

The average lag between the academic science and the inventiveness of en-
terprises in the period under study was 11.93 years while industrial knowledge 
took 13.63 years to diffuse into enterprises (Table 1). It should be emphasized 
here that the time of adoption of know-how of the others – coming both from 
academic centers and company laboratories – varies, sometimes significant-
ly, between enterprises and also that diffusion of academic knowledge among 
several enterprises occurred slower than in the case of industrial knowledge, 
which is an unusual phenomenon.

The analysis of patent documents from Poland made it also possible to for-
mulate the conclusion that – contrary to common expectations – university 
knowledge from publications diffuses among the entities covered by the study 
slower than knowledge from patents. On average, the former has taken 12.45 
years and the latter 11.62 years to reach enterprises. Moreover, in the case of 
the strong majority of enterprises it was academic knowledge coming from 
scientific publications that has taken a longer time to acquire (Table 2).
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Table 2.	 Adoption time of academic knowledge from publications and patents by enterpris-
es from Poland

Enterprise Total number 
of patents

Average num-
ber of years 
of academic 

knowledge ac-
quisition from 
publications

Average num-
ber of years 
of academic 
knowledge 
acquisition 

from patents

Average num-
ber of years 
of academic 
knowledge 
acquisition  

in total
ABB Sp. z o.o. 70 11,28 11,87 11,69
Polin Sp. z o.o. 35 - 14,22 14,22
Pioma S.A. 34 34,00 32,00 33,00
Zakłady Azotowe Puławy S.A. 31 14,78 9,14 12,31
Sigma S.A. 36 25,5 10,00 17,75
KGHM Cuprum Centrum B+R 27 - 3,00 3,00
Zelmer S.A. 12 - - -
Rybnicka Fabryka Maszyn 
Ryfama S.A. 8 - - -

Apator S.A. 12 - 15,75 15,75
Dozut-Tagor Sp. z o.o. 18 - 16,00 16,00
Seco/Warwick S.A. 8 1,00 7,75 6,4
Zakłady Mechaniczne Pamet 
Sp. z o.o. 4 - - -

Południowy Koncern Energe-
tyczny S.A. 18 6,00 12,00 9,0

KGHM Polska Miedź S.A. 8 - - -
Przedsiębiorstwo Farmaceutycz-
ne Jelfa S.A. 6 - - -

Bombardier Transportation 
(ZWUS) Polska Sp. z o.o. 23 1,00 - 1,00

Zabrzańskie Zakłady Mechanicz-
ne S.A. 14 - - -

Fabryka Okuć Meblowych 
Stalmot Sp. z o.o. 3 - - -

ICSO Chemical Production  
Sp. z o.o. 14 - 10,4 10,4

Zakłady Organiczne Organika-
-Sarzyna S.A. 8 10,08 8,5 9,7

Fabryka Zmechanizowanych  
Obudów Ścianowych FAZOS S.A. 13 - 15,00 15,00

Becker-Warkop Sp. z o.o. 11 - 7,00 7,00
Enterprises totally 413 12,45 11,62 11,93

The above findings suggest that – although the access to scientific publica-
tions is faster than to patent publications – industry representatives base their 
inventiveness to a greater extent on earlier academic inventions than scientific 
papers and it is these, and not publications, which are more valuable for them. 
Considering the fact that the most effects of R&D efforts of academic research-
ers are disseminated through scientific papers, it may be concluded that a large 
part of scientific output of academic centers never reaches economic practice.
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Finally, on the basis of the conducted analysis of patent documents it may 
be said that enterprises from Poland take much longer to acquire knowledge 
of domestic than foreign origin. The average lag between the science of Polish 
academic centers and the inventiveness of enterprises was 12.87 years while 
in the case of academic knowledge of foreign origin that indicator was 9.96 
years. This means that in Polish conditions geographic proximity is irrelevant 
to the rate with which academic knowledge is transferred to enterprises as it is 
emphasized in many theoretical and empirical publications. It may also mean 
that foreign knowledge coming from foreign research centers is more valuable 
than domestic one for enterprises from Poland.

Conclusions
The rate with what academic knowledge leaks to the economy influences 

innovativeness and competitiveness of enterprises. Keeping this in mind, the 
purpose of the paper has been to estimate the number of years that pass from 
the moment of making knowledge originating in academic centers public to 
the moment in which this knowledge is used by enterprises in the process of 
invention.

The main conclusion that comes to mind from this paper is that the patterns 
of academic knowledge acquisition by Polish enterprises largely differ from 
the world trends. The only finding consistent with other studies is that science 
diffuses faster than technology. The diffusion of academic knowledge among 
enterprises takes 11.93 years and takes on average about 2 years less than in the 
case of diffusion of industrial knowledge.

It is interesting, however, that university knowledge from patents diffuses 
faster (within 11.62 years) than from scientific papers (12.45 years). The above 
findings suggest that inventors from enterprises reach for scientific papers to a 
lesser extent than for academic patents. Taking into account that the vast major-
ity of the effects of university R&D work is disseminated through publications, 
it also means that a large part of scientists’ work is wasted because it never 
reaches economic practice. Therefore, state policies should include on the one 
hand instruments encouraging entrepreneurs to become interested in scientific 
publications and on the other hand ones motivating academic researchers to 
make inventions that meet the needs of industry.

It is also atypical that academic knowledge of foreign origin on average dif-
fuses to enterprises covered by the study faster (within 9.96 years) than knowl-
edge of domestic origin (within 12.87 years). This is due to the fact that, be-
cause of cultural and geographic proximity, domestic knowledge tends to be the 
fastest to diffuse. In Polish conditions, however, such tendency may be justified. 
Probably, Polish enterprises prefer to reach for foreign scientific achievements 
because it is other countries and not Poland which are world leaders of innova-
tion. When it is taken into account, however, that there are many world-class 
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Polish technical solutions and at the same time they are better suited for use in 
the Polish reality, then state policies should put greater emphasis on tightening 
the relationships between science and business in order to make industry repre-
sentatives more appreciate the work of Polish academic researchers.

The results of these analyses can be useful for future research which could 
focus on the estimation of differences in the rate of academic knowledge diffu-
sion between particular sectors and areas of science as well as on the attempt 
at answering the question of what do these differences result from. Moreover, 
further research could shed more light on geographical directions from which 
Polish enterprises acquire knowledge the fastest. And finally, further research 
could extend this analysis by the rate of academic knowledge diffusion among 
not only enterprises but also other scientific researchers. To this end, lags 
should be measured between citing and cited scientific publications as well as 
between citing academic patents and cited academic publications.
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