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Abstract 
 
This thesis examines the barriers, especially intellectual property rights concerned that 
inhibit industry academia collaboration. By analyzing Swedish firms in the 
engineering industry, I explore the influence of IPR barrier on firms’ benefits, short- 
and long-term respectively from university-industry interaction. Three hypotheses are 
suggested to investigate the relationship between IPR barriers, firm categories, short-
term benefits and long-term benefits. The results illustrate different firms’ reactions to 
IPR barriers. According to the analysis, advanced firms are more likely to report IPR 
barriers. Moreover, they tend to benefit more in the long run. However, the short-term 
benefits from UI collaboration seem to have no significant relationship with IPR 
barriers. There is hence no proof in the data that IPR barriers are a significant hinder 
for firms to benefit from university-industry interaction. 
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1.  Introduction 
 
Collaboration between university and industry can be traced back to the middle of the 
1800s and it has greatly stimulated innovation research, industry development and 
economic growth ever since 1970s. Despite negative impacts such as interference 
with academic freedom, this kind of linkage potentially promotes both university and 
industry development.   
 
Universities are motivated to collaborate with industries mainly for two reasons when 
focus is laid on European and American regions. First, universities from OECD 
countries have restricted “block grant” public funding since 1970. In the United States, 
Cohen et al. (1998) note that federal research funding per full-time academic 
researcher declined by 9.4% in real terms during 1979-91. By allying with firms, 
universities obtain other financial support in addition to government funds. Secondly, 
governments of OECD countries have approved laws and policies which strongly 
encourage university-industry (UI) collaboration. Among them, the Bayh-Dole Act of 
1980 carried out in the United States plays an important roll in promoting the 
technology transfer from universities to industries. It gives academic institutions the 
right to patent and commercialize discoveries made with government-sponsored 
research support. In 1984, Congress took another step to link universities and private 
firms by passing the Cooperative Research Act. The legislation facilitated university-
industry technology transfer alliances. 
 
Studies on why research organizations including universities collaborate with private 
firms show that both the characteristics of individual researchers and the research 
institute determine the linkage between industry and public research organizations. 
Rosenberg and Nelson (1994, p.340) claim that what university research most often 
does today is to stimulate and enhance the power of R&D done in industry. In 
addition, many universities have formal policies for encouraging their academic staff 
to pursue industry assignments for a specified share of their time (Perkmann and 
Walsh, 2008).     
 
Firms, on the other hand, regard the research resources in academic institutions useful 
to their product development and technology improvement. The latest technology 
innovation in academia is greatly attractive to private firms. Studies of companies’ 
innovation processes have revealed that companies able to utilize external sources of 
knowledge are more likely to be successful innovators than those who are drawing upon 
internal competencies only. The problem of underinvestment in R&D can be partly 
solved by external investment from universities. Besides, firms benefit enormously in 
product and process innovation when they jointly work with universities. Another 
motivation for firms is to find a partner to share risks if they are not in a secured field. 
According to Hagedoorn, Link and Vonortas (2000), research partnerships are a 
critical strategic response to global competition.  
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However, it is difficult to carry out UI collaboration (The term of UI collaboration 
here is not limited to collaboration with universities, but includes collaboration with 
public research institutions, research groups, etc. as well) because of issues such as 
academic freedom, intensive system, patent and policy concerns. University’s 
freedom to pursue long-term, disinterested, fundamental research is greatly impacted 
by external distraction. Patent issues are especially sensitive in certain industries such 
as pharmaceutical and biotechnology where firms more frequently obtain patent 
protection and enforce patent rights.  
 
Among all the industries, I will focus on engineering industry, which is one of the 
biggest and most important industries in Sweden. Engineering sector/manufacturing 
firms has an active role in UI collaboration compared with firms in service sector 
where less innovation process and patent issues are involved. What’s more, the sector 
of engineering is of great importance in knowledge transfer. Many of the industry-
linked faculty are from the engineering disciplines, and are supportive of the 
collaboration compared with their colleagues in the basic sciences. In this field, ideas 
and abstract concepts are transformed into concrete application. According to Lécuyer 
(1998), engineering schools are more “permeable” to industry needs than the colleges 
of arts and sciences, they could also be charged with research missions distinctive 
from those of either traditional academic science or profit-oriented R&D laboratories, 
and quite effective in facilitating technology transfer.  
 
The goal of the thesis is to investigate the situation and difficulties in UI collaboration, 
rather than how often or how much they collaborate. So far, relatively few studies 
have been carried out concerning IPR barriers from the perspective of firm categories 
in UI collaboration. What’s more, this paper provides a new angel to reflect IPR as an 
“insurmountable barrier” (Hall, Link & Scott, 2001) in UI collaboration. Two 
elements stand out as central to IPR issues in such interaction. One is the capacity of 
the firm, whether it has much R&D investment or is regarded as “advanced”, and the 
other is the nature of benefits from collaboration, which partly explains why some 
firms benefit more than others.  
 
Based on a database collected by researchers at KTH (Kungliga Tekniska Högskolan), 
this thesis analyzes the factors that influence UI collaboration and benefits that 
Swedish firms obtain during the cooperation. The remainder of the paper is organized 
as follows. Chapter 2 explores the historical development and theoretical backgrounds 
concerning UI collaboration. Chapter 3 introduces and digs into the database by 
describing and categorizing important variables. Chapter 4 reports the analysis result. 
Chapter 5 presents the conclusions and implications of the findings.  
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2. Research background and literature review 
 
This part presents a wide range of literature discussing and trying to answer the 
following questions. Why is it difficult to carry out UI collaboration? Do firms benefit 
from the industry academia linkage? What kind of role does intellectual property right 
(IPR) play in such interaction? After the exploration in theories, three hypotheses will 
be raised at the end of the section.  
 
2.1. Barriers in UI collaboration 
 
Van Dierdonck and Debackere (1988) have identified three categories of barriers to 
collaboration: cultural, institutional and operational. To make things more clear, the 
following differences are listed to illustrate the barriers in UI collaboration.  
 
2.1.1 Difference in objectives 
 
Even if nowadays universities participate more in industry-related research activities, 
the main objective of universities is to carry out basic research and spread the 
knowledge by publication. The focus of an academic institute is oftentimes long-
sighted.  
 
A private firm, however, has a practical short-term goal. It may require exclusive 
rights to an idea or an invention. An academic scientist sells his idea to the firm, and 
promises not to publish the idea or in any other way share the idea with anybody else, 
which is obviously controversial to the objective of the university.  
 
Brainard (1999, p.9) has a clear argument about the differing objectives of industry 
and universities regarding intellectual property issues: The goal of business and 
universities in producing and protecting intellectual property is innovation for the 
production of revenue. Beyond this ultimate shared goal, the interests of universities 
and business diverge. Universities value intellectual property not only as a revenue-
producing resource, but also as a tool in the advancement and dissemination of 
knowledge. These divergent interests can result in conflicts. Thus, the IPR difficulty 
turns out to be a major obstacle for firms and universities to reach an agreement or a 
contract.  
 
2.1.2 Difference in organizational structure and policies 
 
Traditionally, university researchers are promoted based on their publication record 
and other academic achievements. Universities are mostly public organizations and 
are organized very differently from the firms that are profit-oriented. Compared with 
private firms, universities are more bureaucratic without explicit incentives offered to 
the researchers. Therefore, faculty members may feel reluctant to be involved in an 
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industry-supported project because there is always some limitation on publication 
according to the contract. 
 
From the perspective of R&D departments in industry, it is sometimes hard to find a 
balance between in-house capabilities and external help. Industrial researchers tend to 
feel that they have sufficient ability to carry out a certain project of process. Therefore, 
R&D departments are not willing to invest in collaborations which imply repetitive 
work and may not yield satisfactory results in the end.  
 
2.1.3 Difference in orientation and interests of individual researchers 
 
Academics in universities have different interest and values in their research work, 
some of which are only theory or policy related, and are hard to be applied in industry. 
Industry researchers, on the other hand, hold diversified interest on entrepreneurial 
issues. A mismatch is likely to occur if faculties and industry researches do not know 
each other well enough in the very beginning.  
 
What’s more, industry and university researchers may hold bias against each other. 
Industry researchers feel that academics are not practical enough while academic 
researchers do not agree with the non-academic problem-solving method.  
 
The main worries related to collaboration from the perspective of companies are the 
outcomes and results of collaboration (Pollitt and Mellors 1993). Risks exist in all 
kinds of investment. The achieved benefits may end up being quite insignificant 
related to the efforts invested in joint research, and the promised technology transfer 
may not occur (Cyert and Goodman 1997).  
 
2.2. Benefits for firms in cooperating with universities  
 
Despite all the difficulties mentioned above, firms are motivated to collaborate with 
universities because they can benefit from such interaction. There are both theoretical 
and empirical studies concerning the benefits of UI collaboration.  
 
Firms can absorb and utilize outside their boundaries by cooperating with universities. 
The studies of Faulkner and Senker (1995) and Pavitt (1991) have shown that the 
most effective way to transfer knowledge from knowledge-generating organizations 
(i.e., universities and R&D institutions) to firms is to establish cooperative links 
between them.  
 
Given the importance of external cooperation, two research streams have emerged, the 
“dynamic capability” perspective and research on the role of networks in innovation. 
The “dynamic capability” (Teece 1986; Teece and Pisano, 1994) school claims that 
firms need different capabilities ranging from research and design, manufacturing, 
marketing, to after-sale service in order to profit from their innovations. Not all the 
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firms possess all the capabilities, so it is necessary and beneficial to cooperate with 
research institutes or other firms that have richer resource in a certain area. Secondly, 
the “network” school views cooperation as value chain networks (Håkansson, 1987, 
1989), innovation networks (DeBresson and Amesse, 1991; Mytelka, 1991; Piscano, 
1991; Powell et al., 1996) and social networks (Gulati, 1998; Gulati et al., 2000).  By 
collaborating with universities, firms are able to establish a huge network within the 
industry, which facilitates product/process development and strengthens firms’ 
connection with the external environment.  
 
The studies by Levin et al. (1987) and Cohen et al. (2002) summarize industrial R&D 
managers’ views on the relevance to industrial innovation of various fields of 
university research (See Table1 in Appendix). Virtually all of the fields of university 
research that were rated as “important” or “very important” for their innovative 
activities by survey respondents in both studies were related to engineering or applied 
sciences. 
 
Nevertheless there are strong indications of the inadequate scale and intensity that 
knowledge transfer from universities to industries, mainly because of divergence in 
objectives mentioned previously in the section.  
 
Many researchers (Cohen, et al., 2002; Levin et al., 1987; Mansfield 1991) emphasize 
the significance of inter-industry differences in the relationship between university 
and industrial innovation. For example, the biomedical sector, especially 
biotechnology and pharmaceuticals, is unusual in that university research advances 
affect industrial innovation more significantly and directly in this field than what is 
true of other sectors. 
 
Although benefits are not so obvious in certain industries, firms that engage in R&D 
activities turn out to benefit a lot from all kinds of UI interaction including university 
science parks and academic spin-off activities. Since this thesis focuses on 
engineering industry and attaches specific attention on advanced firms, it is 
reasonable to apply the theories to the following sections.  
 

2.3. The role of IPR in UI collaboration 
 
In recent years, the relationship between industry and university develops from the 
academic and industrial laboratory to the expanding of patenting and licensing 
activities. IPR, or Intellectual Property Rights, consists of patents, utility models, 
design rights, trademarks, domain names and copyrights.  
 
Because of knowledge’s characteristics of nonrivalrousness and nonexcludability, IPR 
is needed to protect the earnings of a firm when technologically complex products are 
manufactured and knowledge is transmitted across boundaries, especially in a world 
where it is strategic to implement “open innovation”, which according to Chesbrough, 
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2006 is a paradigm that assumes that firms can and should use external ideas as well 
as internal ideas, and internal and external paths to market, as the firms look to 
advance their technology.  
 
However, many have expressed a concern that innovation in fields such as 
pharmaceutical and biotechnology is ultimately held back, rather than encouraged, 
when IPR protection is granted to the sorts of ideas that have traditionally been left in 
the public domain. According to Heller and Eisenberg (1998), a proliferation of IPR 
upstream may be stifling life-saving innovations further downstream in the course of 
research and product development.  
 
Rik Parker, director of research and technology at Rolls Royce, complained about the 
higher education sector's overemphasis on IPR. IP is important, he said, but a huge 
amount of time and effort is wasted on the issue, which causes "a great deal of 
frustration" for industry partners. “The first 18 months of a contract with a university 
are often spent thrashing out IP rights, although universities cannot afford to protect 
them properly”. (Source: THES, 12 March 2009) 
 
Lee (1996) found that industry participants ranked their reasons for university 
industry collaboration in the following order: 
• Access to new research 
• Development of new products 
• Maintaining a relationship with the university 
• Obtaining new patents 
• Solving technical problems 
 
Universities, however, placed a high priority on two things:  
• Obtaining funds for research assistance, lab equipment, and their own research 
agenda 
• Obtaining insights into their own research by being able to field test theory and 
empirical research 
 
Although IPR/patent is not a top concern to either industry or university in Lee’s 
findings, it turns out to be a tough issue when universities and firms want to close an 
agreement or establish a partnership. Hall (1999, p. 3) discusses this issue, which he 
refers to as the ‘‘two worlds’’ of research and development: “We might expect 
particular tensions to arise in settings where the conventions of one world (private 
industry) come up against the conventions of another (public R&D and university 
science). 
 
Rappert, Webster and Charles (1999, p. 873) also argue about the relationship 
between firms and universities from the IPR perspective, “Since university research is 
often portrayed as a public good (e.g., characterized by free circulation), the spread of 
IPR protection into university R&D activities has attracted considerable attention. 
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Where once industry benefited from exchange systems with academia based upon 
transactions such as informal barter relationships, those in industry now find 
universities seeking contractual, exchange-value-based relationships.” 
 
Previous research shows that there are often conflicts between industry and 
universities over IP ownership (Shane and Somaya, 2007) and that universities may 
have unrealistic expectations about the commercial potential of university research 
(Chlarysse et al., 2007), which can result in overvaluation of IP.  
 
From the perspective of academia, Salter, Bruneel and D’Este (2009) believe that 
universities are becoming increasingly proactive managers of their collaboration with 
industry, seeking to create valuable IP for themselves. Accordingly, more and more 
interactions between university and industry are becoming subject to measurement 
and management, leading to more formal, contractual exchanges based on codified 
rules and regulations. The IPR problem is sensitive when it comes to UI collaboration, 
which will be analyzed in the following chapters.  
 
2.4. An empirical example  
 
As mentioned, although the IPR issue is not ranked very high in either industry’s or 
university’s priority, it is one of the main reasons why universities and firms fail to 
close an agreement. In contrast to open innovation and open science, IPR is meant to 
exclude others from using a certain idea or innovation. Firms believe that they own 
the IP developed under their sponsored research while universities want to publish 
results prior to IP protection. A number of studies have analyzed the role IPR plays in 
UI collaboration.  
 
Among them, Hall, Link, and Scott (2000, 2001, 2002) surveyed 38 industry 
participants in projects funded by the Advanced Technology Program of the federal 
government, 13 of which had a university as a research partner. The remaining 25 
were asked why they did not have such a partner and 12 of these (approximately half) 
reported that IP issues were an insurmountable barrier to partnering.  
 
They found that IP issues between firms and universities do exist, and in some cases 
those issues prevent the sought-after research partnership from ever coming about, 
especially when the research is expected to lead to less appropriable results/ have a 
relatively greater degree of publicness and when the expected duration of the research 
is relatively short which also implies that the characteristics of the research findings 
are more certain.  
 
2.5. Hypotheses  
 
However, the extant literature does not study much the relationship between IPR 
barriers and specific firm categories. An important concept worth introducing here is 
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“absorptive capacity” in that it acts as a standard in deciding whether a firm is 
advanced or not.  
 
Cohen and Levinthal (1989, 1990) highlight that firms cannot benefit from external 
knowledge flows merely by being exposed to them. Instead, firms must develop the 
ability to recognize the value of new external knowledge, and then assimilate and 
utilize such knowledge for commercial ends; they must develop “absorptive capacity”, 
with R&D investment as its central. Advanced firms are regarded as firms with 
stronger absorptive capacity because they take initiative to absorb external knowledge 
and participate in R&D activities. Their theory goes along with the growing 
interaction between public research organizations and industry.  
 
Meanwhile, interaction with universities, as an important form of external knowledge 
flow inevitably brings about IPR issues. In fact, patents have long been recognized as 
a very rich data source for the study of innovation and technical change. The greater a 
firm’s absorptive capacity is, the more external sources the firm will get in contact 
with. In the specific case in UI collaboration, this can mean that more IPR related 
problems would occur, and they appear more often in certain firms. Detailed 
definitions on “advanced firms” and “R&D firms” will be presented in the next 
section.  
 

Based on the theoretical analysis and the database, the following hypothesis is 
suggested: 
 
Hypothesis 1: Advanced firms would be more likely to have IPR-problems than less 
advanced firms when they collaborate with universities or other public research 
institutes.  
 
Since theoretical literature has identified the positive relationship between UI 
interaction and firms’ innovative activities, it is reasonable to suggest that advanced 
firms in our database benefit more from UI collaboration. What kind of role does IPR 
barrier play in firms’ benefits from UI interaction? Does its impact vary according to 
the nature of benefits (for example, long-term benefits and short-term benefits)?  
 
Theories about patents and IPR suggest they have both positive and negative 
influences on a firm’s development. The negative influences have been discussed 
earlier in this section and they are the main reasons that firms report IPR issue as a big 
problem in UI interaction.  
 
However, it is hard to decide if the benefits of a IPR outweigh the costs. Thus, short-
term and long-term benefits are respectively analyzed to further study the relationship 
between IPR barriers and firms’ benefits from UI collaboration. On the one hand, 
short-term benefit is limited in time and development. Researchers and firms have a 
general preview of what direction a project will lead to and they have a general 
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picture of how a product will be promoted in the market. Long-term benefits, however, 
contain more potential and strategic development, which also has a positive influence 
on the society as a whole because of the spin-off effect.   
 
Based on the characteristics of short-term and long-term benefits, two more 
hypotheses are suggested: 
 
Hypothesis2: Firms that report IPR barriers will have less short-term benefits from 
interaction with universities.  
 
Hypothesis3: Firms that report IPR barriers will have more long-term benefits from 
collaboration project with universities. 
 
Assuming that long-term benefits include more potential values and opportunities for 
both universities and firms, it is interesting to investigate the possible relationship 
between IPR barriers and the nature of benefits.  
  
It is important that we examine the industry response more systematically and discuss 
whether the hypotheses stand or not. 
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3. Data description 
 
The focus now is to investigate identifiable barriers - IPR related barriers in particular 
- that inhibit collaboration between firms and universities, and to consider if such 
barriers are relatively more common to particular types of firms or research projects.  
 
3.1. Survey questions  
 
The analysis is based on a survey on collaboration between firms and universities or 
research organizations in Sweden. The data come from a survey conducted during the 
summer of 2007 of 425 establishments in the Swedish engineering sector. All of them 
were contacted by telephone in order to identify the best respondents for the survey. 
The respondents were then contacted by e-mail and given opportunity either to 
respond to the survey electronically or to indicate that they did not want to participate. 
In addition, respondents who had not reacted to the survey were contacted by 
telephone and provided the chance of responding to the questions orally. Out of the 
425 establishments, 316 responded the survey and are collected in the database.  
 
The question addressed in the survey is, how contemporary Swedish private firms 
assess, and respond to, collaboration with academia, and where they would draw the 
boundaries of this kind of collaboration.  
 
Six survey questions are designed: 

1. Which of the following institutions does your firm collaborate with during 
2004-2006? 

2. Can you rate the following three merits with university-industry 
collaboration?  

3. Do you want to establish a new collaboration with universities, colleges or 
research institute? 

4. What are the obstacles for you to establish such collaboration? 
5. In your opinion, what is the strategic significance for collaboration between 

universities and firms in ten years? 
6. Can you provide one contact of a research or research group that your firm 

collaborates with? 
 
From the survey, we know the number of patent applications each firm has; the 
branch a firm belongs to; number of contacts to university restricted to student 
projects (thesis); collaboration structure of the firm (whether firms have collaboration 
with local universities, collaboration with Swedish universities that are not in the 
same region, collaboration with foreign universities, collaboration with public 
research institutes in Sweden, collaboration with public research institute in foreign 
countries or no collaboration at all); how firms assess different kinds of collaborations; 
firms’ intention to carry out further collaborations; and the difficulties that firms 
encounter during the university-industry collaboration. 
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Table 1: Description for important explainable variables in the database. 
Variable  Description  
ln_locuni 
 
patent_applications 
 
 
c_no 
 
 
local_only 
 
 
 
sect 
rd_sector 
 
 
size  

Log of number of technical university researchers 
available in the firm's region 
Number of patent applications of a certain firm during 
2000 and 2004 according to   PATSTAT database 
UI collaboration 
c_no equals 1 if a firm has no collaboration with any 
university or public research institute, and 0 otherwise 
Sector of business 
Collaboration with universities that locate in the same 
region as the firm 
local_only equals 1 if a firm has collaboration with 
local universities and 0 otherwise  
Sector of business 
R&D sector 
rd_sector equals 1 if a firm belongs to “R&D firms” 
and 0 otherwise 
Size of firms 

 
Table 1 describes important variables, which will be used in the probit model in the 
following sectors.  
 
Table 2 shows the characteristics of the establishments in the survey. Firm size is 
represented by the number of employees and sectors are categorized within the 
engineering industry. 
 
Table 2: Characteristics of the respondents in the survey. 
Characteristics   Percentage  
Private firms 
  20-49 employees 
  50-99 employees 
  100-199 employees 
  200-499 employees 
  500- employees 
Total 
 
Sectors 
  Basic metals 
  Simple metal products 
  Simple machinery and equipment 

 
79 
53 
60 
80 
44 
316 
 
 
23 
44 
85 

 
0.250 
0.168 
0.190 
0.253 
0.139 
1.000 
 
 
0.089 
0.171 
0.331 

  Electrical and optical equipment 52 0.202 
  Transport equipment 
Total  

53 0.206 
1.000 257 

   
As shown in Table2, among the 316 firms that participated in the survey, firm size 
varies from 20-49 employees to over 500 employees. A total of five sub-sectors in the 
engineering discipline are selected: basic metals, simple metal products, simple 
machinery and equipment, electrical and optical equipment and transport equipment.  
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When implementing data analysis and studying the two hypotheses, I concentrate 
primarily on question 2 and question4. Question 4 deals with reasons why firms and 
universities fail to collaborate: 
 
hinder1: difficult to access public co-funding  
hinder2: difficult to close reasonable agreement 
hinder3: low interest for our issues 
hinder4: difficult to find appropriate contacts 
hinder5: other difficulty 
hinder6: does not know 
 
The focus of the following data analysis is hinder2, which is “difficult to close 
reasonable agreement” because it is the most relevant to IPR problem among all six 
hinders. And in the following analysis part, this hinder is considered equal to IPR 
barrier.  
 
Table 3: Distribution of different hinders. 
hinder Number of firms that have such hinder 
1 58 
2 33 
3 22 
4 48 
5 99 
6 61 
  
Although hinder2 is not the most favorable hinder for firms, there are still 33 firms 
that fail or find it hard to interact with public research institutes because the two 
parties can not reach consensus in their contract. Instead of an issue of project funding 
or lack of interest, it is more complicated since neither university nor firm is willing to 
back a step to reach an agreement.  Therefore, it is worth studying the role of hinder2 
among all the listed hinders.  
 
3.2. Firm categories 
 
In the survey, firms with both high and relatively low R&D investment are included. 
In order to figure out whether the hypotheses are correct, two new variables 
“advanced” and “rd_sector” are defined.  

“Advanced firms” in this thesis is defined as a firm which applied for at least one 
patent during 2004-2007 or a firm which belongs to the science-based category in 
Pavitt's Taxonomy (1984). The taxonomy categorizes mostly large industrial firms 
along trajectories of technological change according to sources of technology, 
requirements of the users, and appropriability regime (Pavitt 1984). The four 
categories of industrial firms are: 
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(1) Supplier dominated firms, i.e. those firms that acquire their technical expertise 
from their suppliers. 

(2) Scale dominated firms, where the innovation is associated to scale. 

(3) Specialized suppliers, especially in the field of equipment and capital goods, 
which provide the innovations to other firms 

(4) Science based firms, which innovate through their internal R&D laboratories. 

Thus, firms whose number of patent applications is larger than one and with SNI 
codes equal to 27100, 30020, 32100, 32300, 33101 in branch1 and larger than 73000 
in all three branches and are selected as “advanced firms”. 
 
All the codes come from SNI2002-codes, which are defined by SCB (Statistics 
Sweden) http://www.foretagsregistret.scb.se/sni/040115snisorteradeng.pdf 
 
Table 4: Description of SNI codes that “advanced firms” belong to. 
SNIcodes  
27100 
 
30020 
 
 
32100 
 
 
32200 
 
 
32300 
 
 
33101 
 
 
bransch1>73000 
 
bransch2>73000 
 
bransch3>73000       

Manufacture of basic iron and steel and of ferro-alloys 
 
Manufacture of computers and other information processing 
equipment 
 
Manufacture of electronic valves and tubes and other electronic 
components  
 
Manufacture of television and radio transmitters and apparatus for 
line telephony and line telegraphy 
 
Manufacture of television and radio receivers, sound or video 
recording or reproducing apparatus and associated goods 
 
Manufacture of medical and surgical equipment and ortopaedic 
appliances except artificial teeth,dentures etc. 
 
Research and development 
 
Research and development 
 
Research and development 

 
Meanwhile, firms with SNI codes larger than 73000 in all three branches are defined 
as “R&D firms”, which specifically focus on the R&D activities.  
 
Despite the barriers in collaboration, most firms are positive about their interaction 
with universities when they are asked whether they would like to establish new 

http://en.wikipedia.org/wiki/Equipment�
http://en.wikipedia.org/wiki/Capital_goods�
http://en.wikipedia.org/wiki/R%26D�
http://www.foretagsregistret.scb.se/sni/040115snisorteradeng.pdf�
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collaboration and if so, what kind of relationship they would like to build.  
 
Table 5: Reasons for firms to establish new cooperation with universities.  
Variable  Description  
new_coop1 No willingness to establish new collaboration 
new_coop2 More consultations sought 
new_coop3 More broad interfaces sought 
new_coop4 More particular R&D projects sought 
new_coop5 More collaboration around advanced equipment 
new_coop6 More of other interaction 
 
 

 
 
As shown in the chart, firms are eager to seek broader interfaces and more particular 
R&D projects with universities, which are represented by new_coop3 and new_coop4 
in the survey. It is interesting that firms are attracted to jointly work with universities 
in R&D projects while on the other hand, this is one of the most common areas where 
disagreement may occur owing to IPR problems.  
 
In question2 of the survey, respondents are asked to evaluate three possible benefits 
from the collaboration on a three-level Likert scale (“not at all”=1 / “to some 
extent”=2 / “to a significant extent”=3 ). Firms are required to rate the following three 
benefits: 
 
A1: Interaction has helped the firm suggest and formulate new innovation projects. 
A2: Interaction has contributed to the execution of long-term innovation projects. 

0
.1

.2
.3

mean of new_coop1 mean of new_coop2
mean of new_coop3 mean of new_coop4
mean of new_coop5 mean of new_coop6
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A3: Interaction has contributed to the execution of short-term innovation projects. 
 
Table 6: Descriptive results of merit rating according to the survey. 

 Local 
universities 

Swedish 
universities 

Foreign 
universities 

PRI  in 
Sweden 

PRI in 
foreign 
countries 

Total 

A1       
   1 56 34 14 25 12 141 
   2 78 62 38 51 29 258 
   3 37 29 10 16 4 96 
Total 171 125 62 92 45  
       
A2       
   1 51 28 12 17 8 116 
   2 80 57 33 49 27 246 
   3 42 39 17 26 11 135 
Total  173 124 62 92 46  
       
A3       
   1 73 53 35 33 17 211 
   2 79 60 22 43 24 228 
   3 22 13 4 17 5 61 
Total 174 126 61 93 46  

 
Table 6 reports firms’ attitudes towards various interactions with universities or public 
research institutes (PRI). The majority in the survey assesses the interaction to be 
effective “to some extent” (scale2 in A1, A2, and A3) because scale2 takes up the 
highest percentage in almost all sorts of collaboration, with an exception in A3 with 
foreign universities. It is worth noticing about an obvious difference between 
reactions to A2 and A3. Apart from the majority favor for scale2 in both A2 and A3, 
firms show a more positive attitude to long-term benefits compared with short-term 
because in A2, scale 3 is generally stronger than scale1 while in A2 it is the opposite, 
which implies the necessity to study long-term and short-term benefits in different 
ways. In part4, I will explore the relationship between IPR barriers and the three 
benefits in order to find out the relationship between them.   
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4.  Results and discussion 
 
This section reports how firms respond to UI collaboration with the presence of IPR 
barriers. It then proceeds to examine how various factors, internal and external, 
influence their attitudes in collaboration. At the end, it presents the result of whether 
the hypotheses are correct.  
 
4.1. Initial results 
 
A statistical test shows the relationship between “advanced firms”/ ”R&D firms” and 
the barriers in university-industry agreement.  
 
Table 7: Correlation statistics between five hinders and two categories of firms. 
 Probability of Chi-square test 

Advanced firms 
Probability of Chi-square test 
R&D firms 

h1 0.001*** 0.000*** 
h2 0.000*** 0.000*** 
h3 0.406 0.064* 
h4 0.044** 0.121 
h5 0.008*** 0.059* 
Note: Significant at the 1% (***), 5% (**) and 10% (*) level of significance      

Pearson's chi-squared is used to assess whether paired observations on two variables, 
are independent of each other. With the null hypothesis that the occurrence of 
outcomes is statistically independent, a chi-squared probability of less than or equal to 
0.05 (depending on different levels of significance) is commonly interpreted as 
justification for rejecting the null hypothesis.  

According to the table, among all the five hinders listed in the survey, only h1 and h2 
are significant at the 1% level when their relationship with advanced firms as well as 
R&D firms are tested, which means that both hinders are closely related to the 
selected firm categories. h4 and h5 are significant when connected with advanced 
firms, but this relationship become weaker with R&D firms. h4 turns out to be 
insignificant while h3 and h5 are significant at the 10% level.  

The statistically strong significance shown by h1 and h2 indicates that these two 
barriers (difficult to access public co-funding and difficult to close reasonable 
agreement) are more common to the selected firm categories (advanced firms and 
R&D firms). In particular, the t-values of h2 equal to 0.000 in both tests, which 
demonstrates a stronger connection compared with h1. The displayed significances in 
the row of h2 are in accordance with hypothesis1 which suggests that advanced firms 
would be more likely to have IPR-problems with universities.  
 
Table 8: Firm categories and different hinders.  
variable All firms  Advanced firms R&D firms  

http://en.wikipedia.org/wiki/Statistically_independent�
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(N=316)  
Mean     Number 

(N=189) 
Mean     Number 

(N=66) 
Mean     Number 

hinder1 
 
hinder2 
 
hinder3 
 
hinder4 
 
hinder5 
 

0.184     58 
 
0.104     33 
 
0.070     22 
 
0.152     48 
 
0.313     99 
 

0.243     46 
              79.31% 
0.159     30 
              90.91% 
0.079     15 
              68.18% 
0.185     35 
              72.92% 
0.370     70 
              70.71% 

0.333     22 
              37.93% 
0.242     16 
              48.48% 
0.121     8 
              36.36% 
0.091     6 
              12.50% 
0.409     27 
                27.27% 

 
Table 8 shows how different categories of firms react to the five hinders. Among all 
the barriers, hinder2 is closely related to the categories of “advanced firms” and 
“R&D firms” since the mean value changes more dramatically compared with other 
hinders. The pecentage of advanced firms or R&D firms among all firms that report a 
certain barrier is highest in hinder2 (90.91% and 48.48%). In other words, firms that 
are active in R&D and science activities are sensitive in IPR issues.  
 
Next, a statistical test is done to show the relationship between the two kinds of 
benefits (long-term and short-term respectively) and hinder2: 
 
 Probability of Chi-square test  

Short-term benefit 
Probability of Chi-square test 
Long-term benefit  

h2 0.437 0.000*** 
 
The results suggest big difference in the two types of benefits, short-term and long-
term. While there is no significant relationship between hinder2 and short-term 
benefit, the connection between hinder2 and long-term benefit is very strong, which 
will be further tested in studying hypothesis2 and hypothesis3 later in this section.   
 
4.2. Estimation methodology  
 
In an effort to understand more systematically when IP issues are a barrier preventing 
UI collaboration, the probit model is considered:  
 
The probit function: 

Φ(z) = P[Z ≤ z] =∫ 1
√2𝜋

𝑒−0.5𝑢2𝑧
−∞ 𝑑𝑢 

This mathematical expression is the probability that a standard normal variable falls to 
the left of the point z. The function Φ(z) is the cumulative distribution function (cdf). 
 
The probit statistical model expresses the probability p that y takes the value 1 to be: 
p = P[Z≤β1+β2x]= Φ(β1+β2x) 
where Φ(z)is the probit function. 
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In the context of our database, a probit regression is designed as: 
 
Probability (hinder2)= 
F(ln_locuni, patent_applications, c_no, local_only, sect2, sect3, sect4, sect5, rd_sector, 
size*), where each of the variables will be defined below. 

The method of probit regression is selected because it is a popular model for ordinal 
and binary variable analysis. In the above model, the dependent value h2 is a dummy 
variable with two values 1 or 0, indicating whether a firm reports such a barrier in 
collaborating with universities or not. Therefore, it is more appropriate to apply the 
probit model rather than the linear model.  

The same probit model is applied when hypothesis2 and hypothesis3 are tested. 
What’s more, in order to eliminate selection bias, a propensity score matching is 
carried out after the probit regression.  
 
The propensity score, defined as the conditional probability of being treated given the 
covariates, can be used to balance the covariates in the two groups, and therefore 
reduce the bias. Heckman’s early work in the late 1970s on selection bias and his 
closely related work on dummy endogenous variables address the issue of estimating 
treatment effects when assignment is nonrandom. His work on the dummy 
endogenous variable problem and the selection model can be understood as a 
generalization of the propensity-score approach (Winship & Morgan, 1999).  
 
When data are not generated by mechanisms of randomized experiments, it is 
necessary to carry out propensity score match because an ordinary least square (OLS) 
regression model using a dichotomous indicator of treatment does not work when the 
error term is correlated with explanatory variable. In our case, firms reporting IPR 
barriers may be different from other firms in terms of their ability to benefit from UI 
interaction. If so, an estimate of h2 in a model predicting benefits would be correlated 
with the error term.  
 
The propensity score can be used to improve precision through matching, 
stratification, regression adjustment, or some combination of all three. Matching is a 
common technique used to select control subjects who are matched with the treated 
subjects on background covariates that the investigator believes need to be controlled. 
Propensity score matching solves this problem by allowing an investigator to control 
for many background covariates simultaneously by matching on a single scalar 
variable. 
 
In the case of our database, the matching process aims to find firms with similar 
background with the selected ones (firms that report IPR barriers) but at the same time 
are not bothered by IPR problems. It is necessary to carry out the propensity score 

http://en.wikipedia.org/wiki/Binomial_regression�
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because it can reduce the possibility that h2 only appears in a certain industry where 
advanced firms happen to be located. Thus, the result of the analysis can be more 
persuasive.  
 
4.3. Results and interpretation 
 
As a fast method for computing maximum likelihood estimates, the probit regression 
is done on hinder2, which is “the difficulty to close reasonable agreement.” The 
regression is:  
 
hinder2 = α0+ α1 x1+ α2x2 + α3x3+ …+ α11 x11+ α12x12+ α13x13 +α13x13 
 
In the model, each variable represents: 
 
Table 9: Description for explainable variables in probit regressions. 
 Variable  
X1 
X2 
X3 
X4 
X5- X8 
X9 
X10-X14 

ln_locuni 
patent_applications 
c_no 
local_only 
sect2-sect5 
rd_sector 
size1-size5  

 
 
Table 10: Results of two probit regressions. 
 Probit model 1 Probit model 2 
ln_locuni .123 **   

   (.059)     
.144 ** 
(.059) 

patent_applications .000   
(.000)      

 

rd_sector .708 * 
(.385) 

 

advanced  .677 ** 
(.306) 

c_no -.282    
(.318)    

-.226 
(.325) 

local_only -.449   
(.312)       

-.381 
(.312) 

sect2 -.284 
(.553) 

-.490 
(.485) 

sect3 .061 
(.411) 

-.292 
(.305) 

sect4 .123 
(.434) 

-.309 
(.326) 

sect5 .072 
(.435) 

-.270 
(.346) 

size1 .027 
(.377) 

-.123 
(.360) 

http://en.wikipedia.org/wiki/Maximum_likelihood�
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size2  -.204 
(.400) 

size3 .293 
(.383) 

.070 
(.355) 

size4 .635 * 
(.363) 

.274 
(.314) 

size5 .254 
(.411) 

omitted 

Note: Significant at the 1% (***), 5% (**) and 10% (*) level of significance      
 
In the context of the probit model1, a likelihood ratio chi-square of 31.29 with a p-
value of 0.003 tells that the model as a whole is statistically significant. It reasonably 
explains the relationship between hinder2 and the various variables collected in the 
survey.  
 
It reports that ln_locuni, rd_sector and size4 are of the highest statistical significance, 
thus providing a clue that R&D investment is closely related to IPR issues 
(represented by h2 in the analysis), although the significance is relatively weak (at a 
10% level).  
 
The results above reveal a positive relationship between hinder2 and R&D firms, 
which means that firms with more R&D activities are more likely to meet IPR-related 
barriers when collaborating with public research institutes.  
 
One more probit regression is done (model2) to study the possible relationship 
between h2 and advanced firms. Model2 omits the variable “patent_applications” and 
“rd_sectors” considering the possible correlation between patent applications, R&D 
investment and advanced firms. The results show that there is some impact on the 
regression, but in general the significance does not vary a lot. ln_locuni and advanced 
are significant at 5% level in both models. Correlation between various variables is 
listed in Appendix B.  
 
To find out the relationship between hinder2 and the benefits from UI collaboration, 
three new variables are created for the matching model.  
 
max_learn is the highest evaluation for firms’ benefits from local, national and foreign 
universities. For example, if a firm rate 1 for “assessment of learning effect from local 
universities”, 2 for “assessment of learning effect from non-local Swedish universities” 
and 0 for “assessment of learning effect from foreign universities”, the max_learn will 
be 2. Similarly, max_long/ max_short represents a firm’s highest short-term or long-
term benefit in interaction with both domestic and foreign universities or public 
research institutes. 
 
Table 11: T-values of the propensity score.  
 Significance/ T-value  

Match with firms that do  
T-value 
Match with firms with similar 
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not meet hinder2 in the  
database 

backgrounds that do not report 
hinder2 in the database 

max_learn 3.14 0.54 
max_long 4.03 2.40 
max_short 1.27 0.62 
 
As shown in the table above, there are two T-values for the match process. The first is 
the match between firms that report IPR barriers (hinder2) and those that do not. The 
second shows the match between firms with similar backgrounds that report and do 
not report IPR barriers respectively. 
 
The reason why two matches are implemented is to eliminate the selection bias, which 
is demonstrated in the results of the matches. Both max_learn turns out to be 
insignificant in the second match, although it shows a significant T-value in the first 
match. Max_short, however, appears to be insignificant in both tests. It is worth 
noticing that the significance of max_long is consistently strong in both matches. The 
interpretation is that in the database, firms reported h2 enjoy more long-term benefits 
in the cooperative project, which is in line with hypothesis3. Why the learning effect 
varies in the two tests can be explained by the selection bias issue because once firms 
with different background are omitted from the match, the positive relationship 
between hinder2 and learning effect disappears as well. Meanwhile, we are not sure 
about hypothesis2 because of the insignificance in the relationship between h2 and 
max_short. 
 
The result about the long-term project effect demonstrates that firms reporting IPR 
barriers also benefit more from the long-run interaction with universities. The T-value 
remains significant when firms with similar backgrounds are compared. Thus, 
hypothesis3 is supported.  
 
Results from propensity score matching suggest that IPR barriers’ role varies in short-
term and long-term UI collaboration. It is worth considering that they show up for 
firms who also have greater long-term benefits. There is hence no proof in the data 
that IPR barriers are a significant hinder for firms to benefit from university-industry 
interaction.  
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5. Conclusions 
 
The results of the data analysis support hypothesis1, hypothesis3 and are unclear 
about hypothesis2. They can be concluded into two parts. First, barriers do exist in UI 
collaboration, which makes firms and universities hesitant to establish partnership or 
extends the duration to reach such partnership. There is no clear relationship between 
IPR barriers and sub-sectors that firms belong to. Firms engaged in advanced 
technology and with explicit R&D activity are more affected by IPR problem when 
collaborating with universities.  
 
Secondly, there is no proof to show that IPR barriers are a significant hinder for firms 
to benefit from university-industry interaction. This can be an issue of selection bias, 
which means firms that report IPR barrier are those engaging in innovative activities 
and those benefiting great from UI collaboration. Another possible explanation is that 
hinder2 can not be equalized to IPR barriers alone. According to Salter, Bruneel and 
D’Este (2009), there are both “orientation-related barriers” (those related to 
differences in the orientation of industry and universities) and “transaction-related” 
barriers (barriers related to conflicts over IP, and dealing with university 
administration). The result does not necessarily represent the positive relationship 
between IPR barriers and firm benefits. Even though h2 includes only transactional 
conflicts, it could include administration problems as well because many more parts 
of the university are engaged in the collaboration and this involves different 
administration and many rules and procedure. A third guessing is that firms may take 
different projects or collaboration into consideration when they answer the questions 
about hinders and benefits. It is possible that a firm does face a great IPR barrier in 
one project, but benefits a lot from another parallel research project with a certain 
university.      
 
In discussing the three hypotheses, this thesis makes several contributions to the study 
of IPR issues in UI collaboration. First, it clarifies that not all firms face similar IPR 
barriers, even if they all belong to the engineering industry. Secondly, the negative 
relationship between firm benefits and IPR issues, which is regarded as 
“insurmountable barrier” by Hall, Link & Scott, 2001 is challenged by the analysis, 
especially in the case of collaboration where benefits are of a long-term nature. 
Thirdly, few people have explored the IPR issue in UI collaboration in Sweden by 
econometric methods before.  
 
Future research should explore firms’ reaction on one or several specific projects, so 
that the answers to the survey are more accurate. What’s more, IPR barriers should be 
clearly defined and focused if the relationship between IPR issues and benefits from 
collaboration are to be analyzed. Thirdly, it is necessary to consider whether firms that 
overcome IPR barriers should be included or not because it has a direct impact on the 
result. Finally, the size of the database is also an important issue. A large database 
usually provides relatively accurate analysis result.  
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Despite the rising trend of UI collaboration, only a modest 15% of all research 
partnerships involved a university (Veugelers and Cassiman, 2003). Evidence from 
the Community Innovation Survey for the ED shows that only 10% of innovative 
firms have cooperative agreements with universities (EC-DGECFIN 2000). Similarly, 
Hall, Link & Scott (2000) report that in the US the vast majority of research 
partnerships registered under the NCRA and NCRPA act do not include a university.  
 
The concept of “Europe paradox” is another example to illustrate the same 
phenomenon. There seems to be a gap between high scientific performance and 
industrial competitiveness. This gap, mainly attributed to low levels of university 
industry interaction, is known as the “European paradox" (EC-DGECFIN (2000)).1

 

 
The evidence from the Community Innovation Survey for the EU shows that only a 
small fraction of innovative enterprises use science, i.e. universities and public 
research labs, as an important information source in their innovation process.  

The empirical research reports firms’ attitude in collaborating with universities. Firms 
in the survey show their great interest in cooperating with public research institutes, 
although they realize and have experienced some of the barriers in such interaction.  
 
If the university must play a larger role in the national economy, the academics might 
need to make some important reorientation in their academic philosophy – from the 
contemporary emphasis on basic research to one that seeks a better balance between 
basic and user-oriented applied research (Geiger, 1993). As Armstrong (1991) argued, 
the academics might need to disavow the mental model of “intellectual hierarchy” that 
views user-oriented applied research as second class. Policy makers need to 
emphasize the importance of both basic and applied research.  
 
This thesis confirms the importance and benefits in industry academia collaboration. 
But the role of IPR is not clearly explained after the econometric analysis. In Salter, 
Bruneel and D’Estes’ study, it shows that transaction-related barriers are particularly 
sensitive to government policy. The challenge for policy is to find effective 
mechanisms for management and monitoring of UI interaction. IPR constitutes an 
important aspect of public policies trying to enhance the incentives for innovation, 
although the current IP mechanism is not perfect enough to encourage firms and 
universities to actively establish partnership from their separate worlds. Further 
studies on IPR and UI linkage are thus required.  
 
 
 

                                                        
1In the latest Eurostat-Community Innovation Survey CIS-III (1999-2000), of all reporting innovative 
EU firms (excl UK) 4.5% rated universities as important sources of information, while 68% indicated 
universities as not important at all (EU-Newcronos-CISIII).  
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Science ≥5 ≥6 
Selected industries for which the reported ‘‘relevance’’ 
of university research was large (≥ 6). 

Biology 12 3 Animal feed, drugs, processed fruits/vegetables 
Chemistry 19 3 Animal feed, meat products, drugs 
Geology 0 0 None 
Mathematics 5 1 Optical instruments 
Physics 4 2 Optical  instruments, electronics 
Agricultural  science 17 7 Pesticides, animal feed, fertilizers, food products 
Applied math/operations research 16 2 Meat products, logging/sawmills 
Computer science 34 10 Optical  instruments, logging/sawmills, paper 

 Materials  science 29 8 Synthetic rubber, nonferrous metals 
Medical science 7 3 Surgical/medical instruments, drugs, coffee 
Metallurgy 21 6 Nonferrous  metals, fabricated metal products 
Chemical engineering 19 6 Canned foods, fertilizers, malt beverages 
Electrical engineering 22 2 Semiconductors, scientific instruments 
Mechanical engineering 28 9 Hand tools, specialized industrial machinery 
 

Appendix  A 
 
Table 1: The relevance of university science to industrial technology 
 
                                          No. of industries with  
                                           “relevance” scores 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Data from the Yale Survey on appropriability and Technological Opportunity in Industry. 
For a description of the survey, see Levin  et al. (1987). 
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Appendix  B 
 
Table 2: Correlation between variables in the Probit model. 
 

             | ln_loc~i patent~s rd_sec~r advanced     c_no local_~y 

-------------+------------------------------------------------------ 

   ln_locuni |   1.0000 

patent_app~s |   0.0902   1.0000 

   rd_sector |   0.2489   0.2525   1.0000 

    advanced |   0.0646   0.1873   0.4212   1.0000 

        c_no |   0.0335  -0.0580  -0.1362  -0.2126   1.0000 

  local_only |  -0.0857  -0.0530  -0.1040  -0.0848  -0.1895   1.0000 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
             | ln_loc~i patent~s rd_sec~r advanced     c_no local_~y    sect2    sect3    sect4    sect5 
-------------+------------------------------------------------------------------------------------------ 
   ln_locuni |   1.0000 
patent_app~s |   0.0902   1.0000 
   rd_sector |   0.2489   0.2525   1.0000 
    advanced |   0.0646   0.1873   0.4212   1.0000 
        c_no |   0.0335  -0.0580  -0.1362  -0.2126   1.0000 
  local_only |  -0.0857  -0.0530  -0.1040  -0.0848  -0.1895   1.0000 
       sect2 |   0.0049  -0.0911  -0.2067  -0.3042   0.1696  -0.0207   1.0000 
       sect3 |  -0.1510  -0.1246  -0.2766  -0.0850   0.0238  -0.0038  -0.2440   1.0000 
       sect4 |  -0.0339   0.0432  -0.1860   0.0853  -0.0258   0.0524  -0.1785  -0.2692   1.0000 
       sect5 |   0.0636  -0.0658  -0.1681  -0.0985   0.0768   0.0688  -0.1806  -0.2723  -0.1992   1.0000 
       size1 |   0.1256  -0.1264   0.1348  -0.2273   0.1564  -0.1273   0.1478  -0.1195  -0.0000  -0.0831 
       size2 |  -0.0311  -0.0449   0.0194  -0.0812   0.0981  -0.0365   0.0886  -0.0049  -0.0165  -0.1108 
       size3 |   0.0128  -0.0455  -0.0106  -0.0310  -0.0157   0.1375  -0.0782   0.0521   0.0463  -0.0230 
       size4 |  -0.1536   0.0388  -0.1917   0.1210  -0.1410   0.0869  -0.0450   0.1064   0.0360   0.0503 
       size5 |   0.0550   0.2095   0.0632   0.2551  -0.1066  -0.0662  -0.1354  -0.0378  -0.0799   0.1864 
             |    size1    size2    size3    size4    size5 
-------------+--------------------------------------------- 
       size1 |   1.0000 
       size2 |  -0.2592   1.0000 
       size3 |  -0.2795  -0.2173   1.0000 
       size4 |  -0.3361  -0.2614  -0.2819   1.0000 
       size5 |  -0.2322  -0.1806  -0.1947  -0.2342   1.0000 
 


