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Abstract

This is a study based on a survey conducted among firms in Norway. The survey covers mainly qualitative issues regarding the firms’ own R&D activity and R&D purchased from research institutes. Our results indicate that firms find considerable utility in such R&D services and that these contribute to product and process development and increased quality and reliability of production. More than just purchasing R&D services, the collaboration is motivated by a host of other things, like appropriation of new methods, using R&D skills developed in the institutes, and as an a means of entering knowledge based networks.

1. Introduction

Research institutes on the research policy agenda

The Research Council of Norway was recently evaluated by an international panel of experts with experience from many countries. The synthesis report argued that “there is an enormous imbalance in the respective sizes of the institute and university sector” (Arnold et al. 2001, p.29). Although this is a very strong criticism of the way the research system in Norway is structured, surprisingly little is said about the research institutes in any of the 16 background reports. The evaluation points more specifically at three main risks emerging from the over-sized institute sector in Norway.

· It can prevent the “absorptive capacity” in firms because it may be more attractive for researchers to work in institutes than in firms, and by displacing R&D from firms to research institutes,

· It can prevent modernisation in universities. Research institutes do the development (D) and leave universities with basic research (R). The links of universities to society as a whole may be weakened,

· It can limit possible impacts of research activities and new knowledge on higher education thereby limiting the possibilities to reach “critical mass and centres of excellence”, a topic of much political interest in a small geographically dispersed country like Norway.

Although the authors of the evaluation themselves call for more research, their contention about the size and orientation of the Norwegian research sector is clear. This implies that policy measures should be applied to reduce the domination of the research institute sector in the Norwegian research system. Motivated by the evaluators, a vigorous discussion has emerged in Norway. Using the R&D statistics collected in companies by Statistics Norway, it has been argued that research institutes are “unimportant” as a source of R&D in firms, and that the contribution of institutes is “modest” to industrial research and innovation.

The R&D statistics show that the share of R&D from Norwegian research institutes is around 18 percent of all R&D purchased by firms from external suppliers in 1999 (Statistics Norway 2002). The share of externally purchased R&D produced in “other” Norwegian firms, however, was almost 30 percent. This has automatically led certain commentators to assert that R&D developed in other firms is nearly twice as “important” to Norwegian firms than R&D developed by research institutes. This is a serious case of “ecological fallacy”. A macro level finding is applied on a micro level problem. The fallacy is aggravated by using quantitative figures for judging qualitative matters. From national aggregates, where the total extent of exchanges of R&D services is judged to be “too low”, one infers the same of the utility of such R&D services to individual firms. Such inferences are misleading. The conclusions drawn from such ecological fallacies are unfounded and are likely to be wrong. The purpose of this paper is to shed some light on the important question on the qualitative contributions of research institutes to Norwegian firms. We are here interested in examining more in detail the motivations of firms to use the services of research institutes, the actual importance these have to products, processes and the firms’ development, as well as the more general opinion of companies’ representatives of the function and usefulness of research institutes.

Institutional background and rationale of research institutes

The Norwegian research institutes represent a cornerstone in the Norwegian research system. Constituting around one-fourth of all Norwegian R&D efforts, the sector is sizeable by international standards. But the proportion is not unique; other countries also rely heavily on research labs of this type. Despite the difficulty of comparing directly between countries due to differing organisational models of the national research system, Wiig (1990) found that the Italian research institutes constituted a larger share of Italian R&D than what was the case for research institutes in Norway in a study comparing eight OECD-countries. 

The new Research Council, established in 1993, was given the strategic responsibility of the “research institute sector”, and developed and applied the so-called “guidelines for public funding of research institutes”. The “guidelines” concern more than 60 institutes in a wide variety of disciplines in Norway. Measured by incomes, these constitute more than 80 percent of all institutes counting to this sector. The Research Council awards “basic funding” and “strategic institute programs” to the institutes covered by the “guidelines”. For the technical and natural science institutes the sum of these two funding instruments total around 13 per cent of the earnings in 2000. For social science institutes it is slightly more. Domestic and international customers of many kinds cover the remaining financial needs of the institutes by purchasing R&D and other services. 

The research institute sector was established in the period after World War II in response to the then prevailing “linear model” of innovation. In this model, the “transmission” mechanism was considered as very important, and the main responsibility of transforming results from basic research in academia to development in industry was given to the increasingly important research institutes.

More recently, the research institutes have been given a broader rationale. They are expected to fulfil several other functions as well. Their first function is to act as an intermediary between (basic) research in the universities and (applied) research in firms. In this context, the institutes are seen as “knowledge-brokers” between the knowledge producers and users. They both stimulate researchers in universities to work with “user-relevant” problems, and facilitate and enhance the adoption in firms of useful new knowledge emerging elsewhere, particularly in universities. In addition to this “intermediation”, their position between academia and industry is thought to be a propitious starting point for conducting useful applied research on behalf of industrial firms directly. In order to assure an advantageous collaborative environment in this setting, many research institutes have been established nearby universities and State colleges and these structures are prone to favour institute-university staff mobility, spin-offs, and research collaboration.

Another function is to serve both big and small and medium-sized enterprises (SME) that are unable or unwilling to invest in and maintain the competence and skill necessary to conducting all the R&D needed for the development of the firm. The justification of the basic funding of research institutes is to a certain extent to keep up-to-date on important research areas so that they can constitute high-quality suppliers of technical skills to demanding firms. Increased interest has been devoted to this function as Norwegian firms are very small by international standards and because the attention of research politician to “new and unborn” enterprises appears to be increasing.

At the same time, and as a third function, research institutes constitute stimulating and rich research environments where researchers and technicians can evolve and build up important stocks of human capital. These research environments nurture advanced technology-intensive ventures and serve as incubators for start-ups and spin-offs based on cutting-edge research, in a way very few Norwegian firms would be able to offer. It is therefore seen as a valuable training site where researchers can obtain precious human capital. It also constitutes an exhibition window for employers (firms, universities or others) and is a particularly valuable labour pool they can turn to when seeking highly skilled technical labour.

From a situation where it was considered “politically correct” to expect the role and functions of research institutes to be beneficial for industry and for economic growth and society at large, it now seems to be “politically correct” to argue the opposite. Arguments, like the ones advanced by the evaluation panel, are used to call for a restructuring of the research system in Norway. A superior innovation system would basically build on firms and the academic parts of the research system. The “intermediate” research sector constituted by research institutes would get a less important role and be reduced correspondingly.

For Triple Helix, national innovation system (NIS) and other theories using a systematic approach to innovation, it is not clear whether a two-sector research system is superior in generating innovation compared to that of a three-sector research system. The efficiency of an innovation system depends on interactions, communication, and collaboration between people across sectors. This is an empirical question. Quantitative figures are of no use when subjective and normative issues are being investigated. For this topic, it is important to find out how R&D produced in institutes are integrated in firms, what are the firms’ motivations for this collaboration, and the impact of these R&D services on the firms’ own R&D and innovation activity.

We therefore conducted a survey among firms. Statistics Norway drew a sample of firms (favouring firms with more than 100 employees, but smaller ones were also selected) from the Business Register (Bedrifts- og foretaksregisteret) drawn from the 30 most R&D intensive two-digit NACE industries. After removing firms that were clearly non relevant from the sample, we ended up with 986 companies. We received the questionnaire in return from 460 companies, a response rate of 47 percent. This is quite good, given the fact that many companies neither conduct, nor use results from R&D. Receivers of such a questionnaire without opinions on the matter, are likely to see no use of responding. More about the survey is spelled out in Brofoss and Nerdrum (2002) and the findings below are taken from this study.

2. Findings from the survey

Why firms purchase R&D-services from research institutes

In Table 1, we show a factor analysis computed from the responses to questions about why the firms purchase R&D services from Norwegian research institutes. We find that the firms use institutes for three different types of reasons. The first type of motivation we call Knowledge. Many firms find the in-house R&D knowledge insufficient, and their purchases of R&D services from research institutes constitute a conscious strategy of increasing the knowledge of the firm for R&D and as a means of entering knowledge networks. They also have insufficient R&D knowledge within the firm and think that the collaboration of researchers from an institute increases the quality of R&D projects managed by the firm. Very often, this allows them to use testing equipment and methodology that the firm does not possess, and the collaboration with institutes often leads to an inflow of public funding. The choice of the institutes often depends on personal acquaintances and networks. In a frequency table not shown here, it appears that these reasons are used by between two-thirds and three-quarters of the respondents. We understand from the factor analysis that respondents tend to have the same pattern of responses. Motivations like participation in knowledge networks, insufficient own R&D skills in the firm, conscious knowledge strategy in the firms that involves collaborations with research institutes and other factors related to what can be called a knowledge strategy go together in many respondents. This sums up to mean that firms use institutes to a great extent for tasks they simply cannot resolve themselves, or that they cannot resolve without considerable difficulty or at substantial cost.

But there are other patterns of motivations in this dataset. We also find a factor that we call Capacity. Certain firms use the institutes due to the lack of own capacity both in general and in particularly busy periods. They feel they have a lack of capacity to conduct R&D or to develop these services alone. For these firms, the institutes constitute a capacity buffer that is available when the employees of the firm itself are too charged with other tasks.

We call the last factor Availability, and it shows that certain respondents answer that the location of the institutes is important for collaboration, and jointly, that they only know about Norwegian research institutes. A closer look at the dataset tells us that these firms are primarily situated in and around the Trondheim area, where SINTEF and other important research institutes are located (Brofoss and Nerdrum 2002). It is interesting that firms from this area feel an advantage from their proximity to these research institutes, but at the same time, that firms in regions without institutes do not feel distance as a serious problem for collaboration.

Table 1 To which extent respondents agree to why their firms purchases R&D services from Norwegian research institutes
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The “importance” to firms of R&D developed in research institutes

Table 2 How important is R&D purchased from Norwegian research institutes for…?
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There are three different dimensions which emerge from a factor analysis made of firms’ evaluation of the importance of R&D purchased from research institutes for their activity. In Table 2 we see that one type of firms is driven by Market considerations. The respondents from these firms answer that R&D from institutes are important for understanding the needs of customers and help them obtaining new markets. At the same time these firms underline the importance of research institutes in developing new products or improving old ones. This makes sense: The firms which are working hard with product development, and collaborate with research institutes in this area, are also those which se considerable utility in using the services of institutes to obtain new markets and understand their customers’ needs. Some would find this finding surprising – the research institutes we have are primarily specialised in natural sciences and engineering. The fact that emphasis has not been on topics related to marketing and “post-R&D-activities” has precisely been one point of criticism that Norwegian research institutes have encountered earlier.

Another dimension that emerges from the factor analysis is Production. A group of firms emphasise the importance of research institutes in their work on developing new tools, on increasing quality and reliability in production, and developing new and improving old production processes. Many of these respondents also underline the importance of research institutes in improving their understanding of their customers’ needs.

A final group of firms – that we call Product – find that the most important outcome of their collaboration with research institutes is the joint positive effect of their R&D services to developing new products, new processes, or new materials.

The two latter dimensions show that research institutes do contribute to companies which are innovative in technical areas, and particularly that they contribute to developing new products and new materials. They also contribute to production-related improvements (higher quality and reliability, production processes) and to develop new working tools.

The experience of R&D purchases from research institutes

In Table 3 we show the results of a factor analysis run on questions related more broadly to the experiences respondents have about the research institutes. They are asked to agree or disagree on a series of questions pertaining to the institutes and to the collaboration they have.

The most important dimension that emerges from this factor analysis is Network. There are many respondents who emphasise the importance of several network-related factors for collaborating with the institutes. Personal acquaintances, postive rumours, and experience from earlier collaboration all count for a group of companies. But for these, even higher scores are achieved on the ”high quality” of the institutes, and on their valuable test sites and test methods.

Table 3 To what extent do respondents agree with the following assertions about the research institutes and their activity
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For one group of companies, there is a strong desire to conduct as much in-house R&D as possible. Around 40 percent of the firms, which have collaboration with institutes, prefer conducting R&D themselves, because they want to possess their own R&D skills in-house. They presumably use the services of institutes only when it is really necessary, and when they are, personal acquaintances are important.

A last group of firms are Cost-conscious. These do not respond to the other questions in this section in any systematic way.

The opinions of firms concerning the research institutes

All the firms responding to the questionnaire – not just those with experience from collaboration – answered whether they agree or disagree to a serious of assertions about the research institutes. The majority of respondents to this question do not collaborate with institutes, and they do not even conduct R&D themselves. They have to rely on impressions perceived from colleagues, from public opinion in general or from other sources. The factor analysis of these questions is shown in Table 4.

Three dimensions again emerged from this factor analysis. The first we call Positive, and show that firms tend to think that institutes have very high knowledge of R&D, that they have extensive knowledge of R&D conducted in firms, and that the institutes have low capacity (meaning probably that they would like institutes to serve them more promptly). A group of Sceptical firms answer that the needs for secrecy prevents R&D collaboration with institutes, that institutes are too little exposed to competition, and that they have high R&D knowledge. It is difficult to interpret this combination of opinions. Only around 10 percent of all these firms agree with the assertion that secrecy prevents collaboration.

Table 4 How do respondents qualify the Norwegian research institutes more generally?
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A last and interesting group of firms claim that the institutes absorb skilled personnel that could be better used in firms and that they constitute a hindrance to university-firm collaboration. We call this dimension Barrier. Less than 5 percent of the respondents agree with these two assertions, and there are less sceptical firms in the group of firms without collaboration with institutes than among those which do collaborate. But the firms who consider the institutes as a barrier do not respond systematically for the other questions. We will return to these firms in the last section of this paper.

3. Discussion and policy implications

We will discuss the three critical points raised by the evaluation panel of the Research Council which we alluded to in the introduction of the paper. The three of them were typical examples of empirical questions. We have to some extent been able to bring about some empirical evidence that allows us to contribute with some qualified opinions on this matter. 

But first we make a discussion of the size of the Norwegian institute sector. The big size of the Norwegian research institute sector is an often heard statement. But is it really bigger than resembling sectors in other countries? As mentioned earlier, Wiig (1990) found that it was big, but not incommensurate. In Finland, collaboration between firms and research institutes is more common than in Norway (Broch et al. 2002). The Swedish case is also of importance in this discussion, because it has been used as an example of a country with a small institute sector. In Sweden one is now considering to “redefine” some institutes in the university sector to research institutes without direct ties to academia. In a conference in Oslo in October, a key-note speaker said that Germany has decided to grant €1,5 billions to research institutes to encourage them to engage in research initiated through the 6th framework programme.
 Larédo and Mustar (2001) found that the institute sector has recently been discussed and reorganised in all 10 countries in a comparative study of innovation systems. There is no convergence towards a common model, but the authors conclude that “these institutions, whose role and activities have been under careful examination for some time, have emerged renewed, stabilised, and in certain countries, strengthened from the troubled times of the 1980s and the beginning of the 1990s”.

Less than 5 percent of all the 460 firms from our survey agreed with the assertion that institutes attract researchers and scientists that would be more useful to firms if they had worked there. This was the first argument advanced by Arnold et al, (2001). They pointed out that Norwegian institutes prevented firms’ “absorptive capacity” for this reason. Although we do not claim that our sample represent all Norwegian firms, the number is nevertheless large enough to be of interest in this matter. The fact that most of these respondents (a little less than 80 percent) do not have research collaboration with institutes, and are presumably not “couloured” by positive personal experiences, contributes to strengthen our assertion that the institutes do not prevent firms’ absorptive capacity.

Another dimension of this question is the mobility of researchers from institutes to firms. In Broch et al. (2002), this mobility was around 7 percent per year from the natural science and technology institutes to the business sector. If these researchers remain in industry, we will find that after 7 years, a number of institute researchers corresponding to half the researchers working in institutes would be working in firms. Of course, many of these do not stay in firms, but move on to other types of employment (in the public sector, back to institutes, and elsewhere). The institutes sector therefore appears to be considerably “open” to the other sectors and this fact also contradicts the assertion that institutes prevent the absorptive capacity in industry. In another empirical work with data from 1996, Nerdrum (1999) found that around 30 percent of the researchers who left SINTEF (a huge research institute in Norway with a little less than 2000 employees) during the years 1974-1988, left together with their projects to take employment in companies. This appeared to be a very valuable by-product to the research project that firms appeared to take advantage of.

For the second argument advanced by Arnold et al., that research institutes prevent co-operation between firms and universities – and  modernisation in universities – there is even less support in our survey. Only 17 firms of 460 agreed with the assertion that the institutes impede firm-university co-operation. International R&D indicators also support this view. The Norwegian firm-university collaboration is at about OECD-average. That may be described as remarkable since the Norwegian business-relevant university research sector is smaller than in most countries. Moreover, Norwegian companies are less R&D intensive and are in less R&D intensive industries than companies in most other developed countries. The firm-industry collaboration intensity can therefore be qualified as even higher in Norway than what appears in the statistics. This also indicates that Norwegian academic research is less “stuck in the ivory tower” and is more industry relevant than what the public debate in Norway shows.

Concerning the third argument advanced by Arnold et al. there is less direct empirical evidence in our survey. This argument goes in a direction of suggesting that the relatively little academic industry-relevant research activity in Norway impedes the transmission of industry-specific knowledge through the inability of reaching “critical mass and centres of excellence” in higher education. We nevertheless know that the institute sector in many ways constitute an arena for much academic activity. There are relatively many institute researchers who are tutors to higher degree students by institute researchers. There are also a considerable number of doctoral students working in institutes (Norges forskningsråd 2002). Many institute researchers have a considerable scientific activity as well. Much of this is comparable to the research output done in universities. For this question, in any case, it seems premature to draw any conclusion on the basis of the empirical evidence available so far.

Norway implemented in 2002 a tax-refund measure (called SkatteFUNN) which enable companies to deduct 20 percent (18 percent to large companies) of the costs of R&D for projects conducted by firms alone or for R&D purchased from research institutes or universities or State colleges. The deductions are limited to projects of less than 4 million kroner (€ 530.000) for own R&D and to 8 million kroner for R&D purchased by institutes and universities. Using assumptions from the Hervik Commission (Hervik 2000), which originally proposed this measure, and the survey among firms presented in this paper, Brofoss and Nerdrum (2002) estimated the effect of this measure on firms’ demand for R&D. Although the estimations are crude, and based on a series of non-empirical assumptions, we found that Norwegian firms after some years could double their demand of R&D services from Norwegian research institutes. The relative increase of firms’ demand for R&D developed in universities could be even higher, but the absolute increase in universities would be about half that in institutes. However, there is very limited empirical evidence in this area in Norway and the behaviour of firms resulting from the tax-refund measure is still highly uncertain. We will have to await more precise empirical investigations in both firms and research institutes before we can be more conclusive. Another crucial element is how the institutes will be able to adjust – and whether they can adjust – both for capacity reasons and because they will have to compete with foreign research institutes and universities.

Our survey has demonstrated that the research institutes are more beneficial to firms than what was suggested by the evaluation of the Research Council of Norway. Considerably more efforts still have to be made on empirical work in the area before this question can be entirely answered. Of particular interest is whether R&D services of institutes are substitutable or complementary with R&D conducted in the business sector itself or in the academic research sector.

The research institutes have been set on the agenda in Norway. Our investigation is a first contribution to a serious discussion that we hope will underlie the future shaping of the Norwegian research system. It is already clear that the institute sector is very complex, and that no unambiguous policy implication can be drawn. Among other complicating matters, the institute sector is composed by institutes working with a variety of topics ranging from “hard” natural sciences and engineering, via social sciences, to humanistic research areas. If one fails to take this broad orientation into the very heart of the discussion, and uses industry-useful “technical institutes” as a synonym for “institute sector”, a lot of damage can be done to the Norwegian research system. The public authorities and the welfare state of an industrialised country have research needs that cannot be expressed in a market for research services. A market-driven research system alone is almost certainly going to impoverish important social and cultural issues seriously. We therefore need, not only one institute policy, but several institute policies.

Moreover, even if one could agree upon the “importance” of research institutes to firms, and if this was that it was “unsatisfactory”, it is still not straightforward what should be done. One could argue for a bigger institute sector, with more public basic funding, to ensure that the “right” R&D would be conducted there and that the results from these efforts would be diffused to companies. Or one could argue for the opposite: That the sector as well as public funding should be reduced, that institutes should be transformed into business-oriented consultants, and that firms and academic research should established stronger links. It all boils down to a matter of ideology. Among other things, political cycles are determining in this respect.

Before we are there, we repeat the need for more basic understanding of the importance of research collaboration, of different types of R&D services and other services provided to firms by the research system at large. We also hope that the discussion of the shaping of the research system have the patience to await more empirically based results, both from national and international studies. Only by having a discussion based on facts, we will obtain the seriousness in this discussion that the topic deserves.
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