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Abstract:

This paper fills a gap in the literature due to its quantitative focus on the individual level. We focus on university researchers who receive funding from industry, and we compare this group with university researchers who have other types of external funding and with those who have no external funding at all. We ask if the type of funding influences the outputs and processes of research, i.e. do the mentioned groups differ when it comes to academic performance and other outputs and aspects? What are the implications of an industry-oriented or highly diversified funding base for departmental management/leadership? We find that funding is related to both the research output, the type of research carried out, collaboration patterns, and the perceptions of the role and tasks of department heads.

Earlier investigations and literature

From the scientific literature and the policy debate, it seems that the whole system of know​ledge production is in flux, with more or less constant recon​figu​rations between various actors and sectors. It has been claimed that science is changing, universities are changing, and that there is tension between the “new” – often called “Mode 1” – and the “old” – often called “Mode 2” (cf. Gibbons et al. 1994; Nowotny et al. 2001). In general, there are optimistic and pessimistic views on the future of universities as central actors in society (see Martin & Etzkowitz 2000 for an overview).

Some are worried, others not, about the consequences of universities’ external orientation and changed funding base for academic roles and per​for​mance. Among those who are worried are Slaughter & Rhoades (1996), Geuna (2001) and Slaughter & Archerd (2001), e.g. because there may be a decrease in long-term research and increased pressures and “quandaries” for the researchers. On the other hand, Kleinman & Vallas (2001) argue that the convergence between academic and corporate research may imply increased flexibility and autonomy for researchers, and the “triple helix” literature has a general optimistic view of the future of universities and their employees with the inclusion of commercialisation activities (cf. Etzkowitz & Leydesdorff 1997).

Fuelled by the propositions and broader discussions about possible new types of knowledge production and dissemination, as well as by an increased scholarly and politi​cal interest in universi​ty-industry relations in general, a large number of empirical studies have been carried out. Many of these have been reported at the previous Triple Helix confe​ren​ces and in special issues of journals such as Science and Public Policy (vol. 26 no. 1 and vol. 28 no. 6), Minerva (individual articles from 1996 to 2001), VEST (vol. 13 no. 3-4), Research Policy (vol. 29 no. 2) and Journal of Technology Transfer (vol. 24). A lot of the investigations are based on case studies of one or several countries, universities and/or new technology transfer organisations like science parks and incubators. Quantitative micro-level data are generally lacking, and there is little longitudinal evidence about changing relationships other than macro-level figures e.g. on changes in the universities’ funding structure.

In many empirical investigations, it has nevertheless been found that the most important links between universities and industry, and the traditional “mode” of cross-sector co-operation during the main part of the 20th century, can be found at the individual level – frequently in the form of informal contacts between professors and researchers/managers in industry (e.g. Gulbrandsen, 1997; Godin, 1998). This implies that a closer and broader look at the individual level is required. This paper is intended to fill some of that gap.

Our starting point is that if science is changing, that must imply that scientists have changed in some way, e.g. in their behaviour or attitudes. If universities have changed, then university employees must carry out other activities or think dissimilar thoughts or talk to different people now than what was seen, heard or imagined at an earlier stage. The emergence of science parks, incubators, linkage units, patenting and licensing offices and other organisa​tions is by itself not enough evidence that we have a new mode of knowledge production and a new way of doing professional work at the universities. We know that the idea of “Mode 2” and cross-sector collaboration is very popular with policy-makers, but has it changed norms and behaviour at the individual level? Benner & Sandström (2000) postulate that research funding and research funding organisations create “organisational fields” that over time affect the routines, norms and organisational structures of the researchers and their institutions. We will try to explore whether the characteristics of university personnel – their academic performance, organisational support, views on leadership issues and more – differ based on the types of external funding they receive.

Many authors, worrying or not about the development, argue that the emergence of new and ever more colla​bo​rative forms of research work leads to various types of “ten​sions”, “dilem​mas” or “quan​daries” (e.g. Benner & Sandström 2000; Slaughter & Archerd 2001). For instance, it has been claimed that new conditions for doing research and new forms of knowledge pro​duction must lead to an increased focus on micro-level management of academic researchers, and that the most important management task is to find a “balance” between individual autonomy and various types of “managerial control” (Ernø-Kjølhede et al. 2001). Still, it has also been found that different types of tensions are an essential and irremovable part of “traditional” scientific work (cf. Gulbrandsen 2000b) – both applied and basic research. Thus, we may ask whether the tensions described in the litera​ture on university-industry relations and new types of knowledge production really are only “stronger” versions of the tensions that are prevalent in most types of research work? Or does funding from and collaboration with industry, and possibly other “users”, entail new and different tensions (as seems to be the argument of Slaughter & Archerd 2001)?

Starting hypotheses and outline

Based on the brief review above, our starting hypotheses are that university researchers with industrial funding are likely to differ from university researchers without such funding with respect to:

· Background variables: There are some indications that entrepreneurial research may be easier for seniors who have established themselves as “good scientists” and have achieved profess​sional success, and that doctoral students may be at a disadvantage in negotiations with industry (Gulbrandsen & Larsen 2000; Slaughter et al. 2002). We might therefore expect that the researchers with industrial collaboration are the most senior ones (e.g. measured with age or position). In addition, it will be interesting to explore just how widespread industrial contacts and funding are. Slaughter & Archerd (2001) claim that around five percent of U.S. university researchers have regular relations with industry, while Godin (1998) finds that the share in Canada is close to 40 percent. In most OECD countries, between four and seven percent of the R&D expenditures in the higher education sector are paid for by industry – although this does most likely not mean that between four and seven percent of the personnel have regular industry collaboration. 

· Academic performance and research outputs: A few studies indicate that researchers with industrial colla​boration publish more than their colleagues without such cross-sector relations (Blumenthal et al. 1996; Godin 1998). The implication is perhaps that “Mode 1” and “Mode 2” are not very contradictory – it is possible to combine an academic output profile with more industrially oriented inputs. This needs further evidence from all scientific fields, as well as a distinction between different types of publications (international journal publications, popular science contributions etc.). As a starting point, we hypothesize that industrial funding may be positively correlated with academic performance. Godin’s Canadian data also show that outputs like products and software are strongly correlated with industry funding. Still, it would be interesting to explore whether there is any dilemma between co-operating with existing industry and getting involved in commercialisation activities like patenting and establishing new firms. Another indication of this will be to see whether the ones with industrial collaboration have less co-operation with other researchers and actors, or if these professors have broader and more intense collaboration patterns generally.

· Organisational tensions: Much of the literature referred to above finds/claims that industry collaboration results in increased levels of tension, conflicts, quandaries or frictions. We would therefore expect this to be reflected in various questions e.g. about restraints on the possibilities for doing scientific research and aspects of the working climate in the academic department. Following Slaughter & Archerd (2001) one would perhaps find that individuals with industry collaboration on average perceive a poorer working climate as their activities may be seen as more controversial and boundary breaking. On the other hand, it may be argued that a good working climate is necessary to deal with tensions and ambiguities, hence, the industry collaborators should perhaps describe a better working climate on average (cf. Gulbrandsen 2000b).

· Research management/leadership: In general, the issue of departmental leadership is a very difficult one; not least due to lack of agreement, and to some extent negative perceptions of, terms like “leadership” and “management” (e.g. Kekäle 2001). As mentioned, Ernø-Kjølhede et al. (2001) propose that new modes of knowledge production leads to new require​ments for and an increased importance of research managers. This issue still lacks broad empirical evidence. A starting hypothesis is nevertheless that university researchers with industrial funding have other perceptions of the department head’s tasks and role than researchers with no such funds. Other results that emerge when we compare researchers with funding from private companies with the two control groups “researchers with other types of external funding” and “researchers with no external funding at all” may also have management/leadership implications.

Data source

The data are drawn from a 2001 questionnaire study among all faculty members of the rank of assistant professor or higher at Norway’s four universities. The response rate was 60 per cent (N=1967). More in-depth discussion of the study is provided in Smeby (2001). The survey is called the “university census”, as similar investigations were carried out in 1992 and 1982.

The central background variable in this paper is research funding. Faculty members were asked if they during the last five years had received research funding form Research Council of Norway, industry/business, public agencies, private foundations/organisations, EU programmes and other foreign sources. In the analyses, we distinguish between three groups:

1) faculty members with no external research funding

2) faculty members with research funding from industry, and

3) researchers with other types of funding.

The second group may have other types of external funds in addition to industry funding, while the third group is composed of faculty members with external research funding but no money from industry. This third group is rather heterogeneous. However, deeper analyses confirm that there are no relevant differences in characteristics of researchers based on the “other types” of external funding.

Patterns of research funding differ significantly between fields of learning (Figure 1). In general, results are reported for the whole population, but separate analyses for each field of learning (natural sciences, social sciences, technological disciplines, the humanities, and medicine) have been conducted to examine whether differences between researchers with different types of research funding is an indirect effect of characteristics of the respective fields of learning or whether the patterns holds for all fields. The results from these analyses are reported in the text.

Background – the funding sources of university researchers

External funding has become increasingly important, albeit slowly, during the last two deca​des. While external funding constituted 27.7 percent of total R&D expenditure in Norwegian universities and colleges in 1983, the corresponding proportion was 30.7 in 1999. Thus, the basic funding has decreased, but not as much as in many other European countries (cf. Geuna 1999). Funding from industry increased from 3.5 to 5.1 percent in the same period (Research Council of Norway 2001).

Data from the university survey shows that the majority (76 percent) of faculty members received external research funding in the period between 1995 and 2000. Even though funding from industry only composes around 5 percent of total research funding, 21 percent of university faculty members received such funding during this five-year period. As expec​ted, the funding patterns differ significantly between fields of learning. Figure 1 shows that over 80 percent of faculty members in the natural sciences received external research funding between 1995 and 2000, while the proportion is 74 percent in the social sciences and 54 percent in the humanities. The proportion that received funding from industry varies even more. This is most common in technology (66 percent) and least common in the humanities (3 percent).

If we compare with data from the earlier university surveys (from 1991 and 1981), we see that the major shift in industry collaboration and funding took place during the 1980s. In 1991, 20 percent of the faculty members reported that they had received research funding from the private sector (not much less than the 21 percent in 2001). The number was 7 percent in 1981. In the 1981 survey, however, the National Institute of Technology (now part of the university in Trondheim) was not part of the study. The large increase in the 1980s and small increase in the 1990s can nevertheless be seen in all the other fields of learning as well – with the social sciences as the exception. In these disciplines, we see a doubling in the share of faculty members with industrial funding from 1991 to 2001.

If we look at the national R&D funding statistics, the differences between fields of learning are even greater. In 1999, the external funding (excluding industry funding) constituted 39 and 38 percent of total research expenditure in technology and the natural sciences respective​ly, 33 percent in medicine, 31 percent in the social sciences and 21 percent in the humanities (these figures are for the university and college sector). If we only look at industrial funds, the shares are 13.6 percent (natural sciences), 38.2 (technology), 3.4 (medicine), 7.0 (social sciences) and 2.8 (the humanities). (Research Council of Norway, 2001). (In the final version of the paper, we will make a table that compares the individual-level data with the R&D statistics; so far we see that the R&D statistics seems a good indicator of funding and colla​bo​ration at the individual level.)
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Figure 1
Percentage of faculty members who received research funding from industry, from other external sources and who had no external research funding in 1995-2000 by field of learning. 

Funding and nature of research
The international R&D statistics follow guidelines that distinguish between basic research, applied research and experimental development. Table 1 confirms that there is a relationship between research funding and these kinds of characterisations of the research output. Nearly half of the faculty members who had received research funding from industry the last five years, characterise their research as primarily applied research, while only on out of four of those with no research funding or with research funding from other sources do. It should, however, be recognised that nearly 40 percent of those that have received industrial funding state that their research is primarily basic research. It is also interesting to note that the “basic research” group is even larger among those who have received other types of external funds than those who have not received external funds at all. How faculty members typify their research differs between fields of learning, but the impact of funding is more or less the same in all fields. 

The relevance of these categories could be questioned, however. It is interesting to note that while 6 percent of the respondents did not answer this question (“Would you characterise your research as primarily basic research, applied research or experimental development?”) in the 1982 census, the corresponding share was 29 percent in 2001. This could indicate that many university scientists perceive the classical distinction as less useful today than before.

Table 1
Percentage of faculty members that characterise their research as primarily basic research, applied research and experimental development by type of research funding the last five years.

	Funding:

Type of R&D:
	No external funds
	Funding from industry
	Other types of external funds
	Total mean

	Basic research
	55
	39
	65
	56

	Applied research
	25
	48
	25
	31

	Experimental development
	21
	14
	10
	13

	(N)
	(256)
	(314)
	(691)
	(1261)


The impact of funding on university research is confirmed by faculty members’ assessment of the consequences of contract research (Table 2). A quarter of the respondents report that contracts introduce new and interesting research topics in their department, and that it is prerequisite to accomplish expensive and interesting projects. Nearly 20 percent report that contracts are problematic with regards to autonomy and independence of research. Faculty members with industrial research funding agree to a greater extent to the two first statements, and to a less degree with the last one, than faculty members who have not had such funding. These patterns are the same in all fields of learning.

Table 2
Percentage of faculty members that agree to the following statements about the consequences of contract research in their department, by type of research funding the last five years.

	Funding:

Statement:
	No external funds
	Funding from industry
	Other external funds
	Total mean

	Introduces new and interesting research topics
	23
	43
	20
	26

	Is prerequisite to accomplish expensive and interesting projects
	21
	38
	18
	24

	Is problematic with regards to autonomy and independence of research
	22
	12
	20
	19

	(N)
	(302)
	(393)
	(841)
	(1536)


Academic performance, research outputs and collaboration patterns

Funding also seems to have a significant impact on scientific publishing (cf. Table 3). Faculty members who have external research funding publish more than faculty members that have no external funding (it should be added that 100 percent of the salary of the scientific staff is covered by the basic funding in Norway). Moreover, faculty members who have had funding from indus​try publish more that their colleagues who have received other types or funding. The only exception is that there are no difference between these groups when it comes to publica​tion of books and publication of popular science articles. The implication of funding for publication is the same for all fields of learning. The difference between faculty members with funding from industry and funding from other sources is, however, not significant in all fields of learning (but the differences are statistically significant within all fields when com​paring with those who have no external funding at all).

Table 3
Faculty members average number of various types of publications, by type of research funding the latter five years.

	Funding:

Publications:
	No external funding
	Funding from industry
	Other external funds
	Total mean

	Journal articles
	2,3
	7,2
	5,6
	5,2

	Book chapters
	1,4
	4,0
	2,5
	2,5

	Books
	0,5
	0,4
	0,5
	0,5

	Reports
	0,3
	1,4
	0,8
	0,8

	Popular science articles 
	1,9
	1,8
	2,1
	2,0

	(N)
	(458)
	(407)
	(1072)
	(1937)


In Table 3, we have not distinguished between articles with single and multiple authorships. Since funding has an impact on research collaboration, the differences between faculty mem​bers with different types of research funding may therefore be due to different pub​lication patterns rather than varying individual productivity. To test for this, a productivity index (article equivalents) with different weight to different types of scientific publications and single and multiple authorships has been developed. This index confirms the impact of funding on publication productivity. Faculty members with no research funding published 5.0 article equivalents, faculty members with industrial funding published 8.8 article equivalents, and faculty members with other types of research funding published 7.6 equivalents. These results are still statistically significant (also within each field of learning), but it can be noted that the absolute differences are less.

Thus, funding also seems to have a significant impact on faculty members’ collaboration patterns (cf. Table 4). One reason for this is that funding of research often presupposes collaboration and also constitutes an opportunity for collaboration. The most significant difference between faculty members with industrial funding and other types of funding is that the former reports more frequently research collaboration with colleagues in industry and business (as can be expected). There is, however, a general tendency that the former group collaborates more than the latter. This pattern holds for all fields of learning.

Table 4
Percentage of faculty members that reported regular research collaboration with researchers in different types of institutions, by type of research funding the last five years.

	Funding:

Collaboration with researchers in:
	No external funding
	Funding from industry
	Other external funds
	Total mean

	Own department
	43
	78
	67
	64

	Other university departments 
	35
	70
	65
	59

	Colleges
	7
	17
	11
	12

	Research institutes 
	11
	56
	31
	31

	Industry/business 
	5
	72
	9
	21

	Foreign research institutions
	35
	81
	74
	66

	(N)
	(472)
	(412)
	(1083)
	(1967)


It may be added that not all faculty members who have received industry funding, report that they have regular collaboration with researchers in companies. Around one-third of the 448 researchers that had received industry funding the last five years, did not gave regular co-operation with industry researchers. The opposite is also found – around one-third of the 446 faculty members with regular research collaboration with industry, had not received any funding from companies the last five years.

Commercial results

Faculty members were asked whether their R&D activities ever had resulted in “commercial results”. 7 percent reported patents, 10 percent “commercial products”, and 7 percent that their R&D had led to the establish​ment of new firms. Finally, 31 percent reported consulting contracts as a result. As expected, these commercialisation outputs are mainly found in technology and the natural sciences, although all these results were reported by some respondents from all fields of learning.

To assess the impact on funding and other variables simultaneously, we have conducted logistic regression analyses. Table 5 shows that the backgrounds variables academic position, age and gender only have a limited impact on commercial results. Patents are positively correlated with academic position – full professors report the most patents – while male faculty members more often report that their R&D has led to establishment of firms than female researchers do. Age has no impact on any of the commercial results.

Industrial funding has a significant impact on all types of commercialisation output. Unlike the tables presented above, other types of external research funding have no impact. Scientific publishing has a positive influence on commercial products and consulting contracts, while popular publishing has none. Moreover, membership in committees and other types of elected academic positions is not important. The only types of research collaboration that have an im​pact on commercial outputs are collaboration with colleagues in research institutes (outside of the higher education sector) and with researchers in industry. The latter has the most signify​cant impact. Furthermore, collaboration with colleagues in research institutes has a negative impact on patents and commercial products, no impact on the establishment of firms and a positive impact on consulting contracts. Finally, analyses confirm that there are significant differences between fields of learning in the probability of conducting commercial results.

Table 5
Logistic regression of the probability of commercial outputs of faculty R&D activities (N=1736).

	Output:

Variable
	Patents
	Commercial products
	Establishment of firms
	Consulting contracts

	Academic position 
	-0,542
	*
	0,068
	
	-0,170
	
	0,067
	

	Age 
	0,007
	
	0,005
	
	0,000
	
	0,012
	

	Gender 
	0,715
	
	0,418
	
	1,044
	*
	0,082
	

	Industrial funding
	1,597
	**
	1,298
	***
	1,127
	*
	1,123
	***

	Other funding 
	0,814
	
	0,224
	
	0,326
	
	0,150
	

	Scientific publishing 
	0,003
	
	0,032
	**
	0,006
	
	0,024
	**

	Popular publishing
	-0,060
	
	-0,054
	
	-0,020
	
	0,007
	

	Membership of committees
	0,411
	
	0,346
	
	0,521
	
	0,196
	

	Research collaboration universities
	0,105
	
	0,330
	
	0,442
	
	0,284
	

	International research collaboration
	0,037
	
	-0,328
	
	0,387
	
	0,147
	

	Research collaboration institutes 
	-0,531
	*
	-0,474
	*
	-0,224
	
	0,404
	**

	Research collaboration industry 
	1,376
	***
	0,967
	***
	1,255
	***
	0,606
	***

	Field of learning (nat. sciences ref. Group):
	

	   Humanities 
	-2,019
	**
	0,290
	
	-1,263
	*
	0,151
	

	   Social sciences 
	-2,549
	***
	-0,087
	
	-1,230
	**
	0,611
	***

	   Medicine 
	-0,098
	
	-0,012
	
	-0,248
	
	-0,259
	

	   Technology 
	0,566
	*
	0,371
	
	0,059
	
	1,000
	***

	Constant
	-5,480
	***
	-5,320
	***
	-7,139
	***
	-3,702
	***

	- 2 Log Likelihood
	680,9
	
	967,5
	
	682,4
	
	1861,6
	


*P<0.05; **P<0.01; ***P<0.001.

Since the impact of logistic regression coefficients may not be interpreted directly from this table, it may be informative to give some examples on calculated probabilities for the various output variables. If a faculty member has no industrial funding, the probability for con​ducting R&D leading to patents is 1 percent, given average values on the other variables. The corre​sponding probability is 7 percent if the faculty member has industrial funding. More​over, if a university researcher has industrial funding and collaborates with colleagues in industry, the corre​sponding probability is 18 percent – if the faculty member also represent a technology discipline, the probability is 27 percent.

The probability for consulting contracts is 24 percent if a faculty member has no industrial funding, given average values on the other variables. If the faculty member has industrial funding, the probability increases to 49 percent; with regular collaboration with colleagues in industry in addition, the probability is 61 percent. If this person also works in technology, the probability is 80 percent.

Organisational tensions and management

Faculty members were asked to assess the extent to with different conditions caused problems for their possibility for doing research. Table 6 shows that funding does not have any im​por​tant impact on faculty members assessment, even though there is a weak tendency that faculty members with industrial funding are somewhat more dissatisfied than faculty members with no funding or funding from other sources, particularly with regards to technical equipment, technical assistance and level of research funds. The pattern is more or less the same in all fields of learning. 

Table 6
Percentage of faculty members who assessed that the following conditions cause many problems for their possibilities for doing research; by type of research funding the last five years.

	Funding:

Problems with:
	No external funding
	Funding from industry
	Other external funding
	Total mean

	Academic climate
	8
	5
	5
	6

	Research funds 
	31
	38
	32
	33

	IT equipment
	4
	5
	3
	4

	Technical equipment
	8
	18
	10
	12

	Technical assistance 
	17
	27
	23
	23

	(N)
	(361)
	(382)
	(928)
	(1671)


Finally, faculty members were asked to assess different statements about the role and tasks of the department head. Table 7 shows that faculty members who have had industrial funding to a greater extent agree that department head be a professional authority and to be responsible for staff development, quality assurance of research and teaching and strategy work than faculty members with other types of research funding or no external funding. There are some differences between faculty members with other types of external funding and those with no external funding as well, but these differences are smaller and less significant.  

Table 7
Percentage of faculty members who fully agree with following statements on the authority of department heads by type of research funding the latter five years.

	Funding:

The department head: 
	No external funding
	Funding from industry
	Other external funding
	Total mean

	Should preferably be a full professor
	10
	28
	21
	20

	Should be responsible for individual follow-up 
	13
	17
	12
	13

	Should have greater authority
	11
	27
	18
	18

	Should have a large influence on the department’s professional profile 
	8
	18
	9
	11

	Should be responsible for quality assurance of research
	13
	19
	15
	15

	Should be responsible for quality assurance of teaching
	25
	30
	23
	25

	Should give priority to strategic work
	24
	38
	29
	30

	(N)
	(452)
	(406)
	(1064)
	(1922)


Discussion/conclusion

We have seen that the “university census” – a survey carried out every ten years among the entire tenured faculty at the Norwegian universities – shows that around 20 percent of the faculty members collaborate with industry. A similar share has received research funding from industry the last five years. Few other countries have similar individual-level data. The Norwegian share is lower than in Canada (a country that also stands out in the R&D funding statistics with a very high share of higher education sector R&D paid for by industry, compared to other OECD countries, cf. Godin 1998), but probably higher than in the U.S. (cf. Slaughter & Archerd 2001). The correspondence with the R&D statistics seems very good – at least if we look at the variations over time. This does not mean that the figures are the same; in Norway, it seems that when around 5 percent of higher education R&D is paid for by in​dust​ry, 20 percent of the higher education faculty are involved in collaboration with companies.

We did not find the expected differences in age/position when it comes to industry funding and/or co-operation. Patents were the only output where position seemed to have an effect. Full professors reported more patents as a result of their R&D activities. It may be that this type of commercial output requires a certain level of experience more than the other types.

As proposed by Sandström & Benner (2000), we found that funding type indeed influences research orientations and outputs. It is interesting to note that industry funding seems to promote applied research rather than experimental development. A larger share of the respondents with no external funding characterised their activities as development, compared to the ones with industry funding. Faculty members with other types of external funding to a larger degree characterised their activities as basic research. Another interesting aspect is that the share of respondents who answered the characterisation question (basic, applied etc.) has gone steadily down. In the 2000 census, only half the respondent answered this question. This may be an indication of a growth of “Mode 2” (or other types of knowledge production) that renders the traditional distinctions somewhat obsolete.

We see that faculty with industry funding are less worried about possible negative effects of contract research. This can be interpreted in several ways. These professors may have had positive experiences with contracts – contracts can introduce new and inte​resting research topics and be a prerequisite to expensive and academically exciting projects. On the other hand, the professional norms and values may be different among those who take on contracts. It could also be that researchers without industry funding, at least some of them, have avoided contract research because of possible negative influences on autonomy, intellectual property rights and other issues.

When it comes to publication productivity and collaboration patterns, the present study large​ly confirms the few earlier results we have seen. There is no tension between industry funding/​collaboration and academic performance. On the contrary, the ones who have funds from or contacts in companies have higher publication productivity than researchers with other types of or no external funding at all. If “Mode 2” or other variants of new types of knowledge production imply increased cross-sector co-operation, we can thus claim that this does not seem to conflict with more traditional academic goals and rewards. By looking at different types of publications, the present study gives even stronger evidence to this point – there are for instance no differences between the productivity of industry-funded researchers and other researchers when it comes to popular science contributions. It can be added that the differences we describe are significant within each field of learning, and do not merely signify a distinction e.g. between “hard” and “soft” disciplines.

We also find that faculty members with industry funding have different collaboration patterns than researchers with other types of funds. The ones with industry funding co-operate signi​fi​cant​ly more with all other types of researchers, including colleagues within the same depart​ment and researchers in other countries. One explanation is that applied research demands more intense contacts with more groups than basic research (cf. Gulbrandsen 2000a). That the ones with private sector funding and collaboration have more frequent contacts both in academic and non-academic circles, may be taken as further evidence that there is no clear conflict between traditional academic science and newer types of knowledge production. The end result could nevertheless be patterns of communication that create stress and tensions due to their complexity and intensity rather than any “inherent” incommensurability.

Industry funding is significantly corre​lated with various types of commercial results like patents, establishment of new firms, commercial products and consulting agreements. In other words, there does not seem to be a tension bet​ween collaborating with existing industry and contributing to new firms. It is interesting to find that these commercial outputs, despite being more prevalent among respondents from natural science, technology and with industrial funding and/or collaboration, can also be seen in all fields of learning and among faculty mem​bers with no industry funding and contacts. We find that collaboration with research in​stitutes (there are many of these in Norway, most of them are oriented at shorter term con​tract research for private companies and government agencies) has a negative effect on commercial outputs. We have no obvious explanation for this. It could be that when a research project is carried out with members from industry, an institute and a university, the latter representatives become responsible for the parts that yield no direct commercial outcomes (e.g. doctoral students). Given the important discussion of the role of research institutes in many parts of the world, and the recent Norwegian claims that institutes are a “barrier” to developing good university-industry relations, these issues deserve further study.

When it comes to organisation and management issues, we find that faculty members with industry funding to some extend indicate that technical equipment, technical assistance and the level of funds create problems for their research activities. Maybe these researchers have higher or different ambitions than their colleagues, or that contracts and other types of cross-sector collaboration creates new needs for equipment, assistance and other things. Another and stronger indication of this is perhaps that the opinions on the role of the department head differ significantly between the different “funding groups”. Confirming Ernø-Kjølhede et al. (2001), we find that industry funding and collaboration, if that may be taken as an indicator of newer modes of knowledge production, seems to require a different type and style of leaders and leadership. The department head should, according to faculty with industry funding and/or co-operation, have a greater authority, including a stronger strategic role and influence on the department’s overall scientific profile.

In sum, the main challenge for universities seems not to be a tension between Mode 1 and Mode 2 but an increasing complexity. New management challenges might arise not solely as a result of increased attention to the role of universities in innovation, but perhaps more so because the research system has a diversified funding basis and has become increasingly collaborative and internationalised, as evidenced by the very multifaceted communication patterns surrounding the researchers.
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