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1. Introduction

”Probably no other branch of industrial activity causes as much managerial unrest and uncertainty as does research and development. The concern is due largely to the enormous difficulty of evaluating the laboratory’s actual and potential economic contribution to the firm. The inapplicability of traditional methods of calculation creates an interest in discovering other ways of judging whether performance is good or poor. Through this door the never-never land of opinion, myth, and prejudice is entered – a land which breeds unrest in manager and scientist alike.

It used to be said that the way to do industrial research was to hire good scientists and leave them alone. Certainly no such simple formula can be taken seriously today. But neither have we arrived at the point where discovery of the secrets of successful research and development management can be claimed. Perhaps the best that can be done at present is to impose some order in the never-never land – to identify some of the problems that make for unrest and some of the issues that need to be resolved.” (Shepard 1956)
This quotation – almost half a century old – is still valid and similar statements are still typical in current studies of management of R&D or management of innovation. It can for instance be followed by “the fact that there are few prescriptions for managing technological innovation” (Judge et al. 1997), and ”All the ’How to manage, how to organize’ literature starts from the underlying assumption that management control does make a difference between success and failure in research. However, up to now, only a few studies are available to test this assumption at the empirical evidence” (Omta & de Leeuw 1997).

It seems that there is no doubt about the point of departure; research management is claimed to have a crucial impact on research performance. Bland and Ruffin have, in an extensive literature review across scientific disciplines, sectors, and covering literature from a twenty five years period, raised the question: ”What environmental factors stimulate and maintain research productivity?” (Bland & Ruffin, p.385). They found among a lot of factors that management was a thorough element to ensure research productivity and performance.

But it still doesn’t tell us what research management really is. It is a challenging task to find the most important factor among many influencing factors on a research organisation, e.g. financial constraints, general human resource principles, task uncertainty, the companies’ size and age, technological specialisation, market conditions, competitive conditions, and personal characteristics by the managers or by the front researchers, who can change the whole situation if they leave. Some of those factors will be elaborated through the paper, where I elucidate what research management could be and how it is perceived, and especially concerning research management in industrial research.

The aim of the paper is an empirical investigation of R&D management in Danish companies, especially concerning the relationship between the individual researchers and management regarding the tension between autonomy and control. It is a general focus because it is a framework that can hide a lot of more concrete elements of managements practice. 

A telephone survey was conducted to research managers or persons with similar functions in Danish research based companies. A questionnaire was constructed with indicators for various aspects of management tasks, communication, control and monitoring. 

The structure for the paper will be as follows. Firstly I briefly outline some of the conditions for industrial research, afterwards follows a discussion about research management and especially about autonomy and control. After the method section I will present results from the survey. Finally I will present the conclusion.

2. The context of industrial research

The most decisive and remarkable difference between industrial and university research is probably that the success criteria’s for industrial research are unambiguous. The final aim of the research is to gain competitive advantage and financial success. Consequently traditional scientific norms as validity, novelty, originality, and reputation from peers are not io ipso the aims for research. It means that the goal for research management is innovation, and the question is how research management can enhance research, which leads to innovation. 

My paper is drawing from the insights of the development of organisation and strategies for industrial research, e.g. different generations (Roussel et al. 1991), different paradigms (Coombs 1996) and different cultures (Varma 2000). For more than a century has the main theme been, that it is crucial to develop and maintain the core competencies as well as secure a close connection to the market for the final products or processes. So one of the main challenges for organisation of industrial research is to ensure both goals. The answers have been different strategical as well as organisational. The extreme points has been an expected automatical use of basic research versus a focus on cost and risk reduction – an orientation towards technological opportunities versus an orientation towards customers needs. And the organisational solutions has been e.g. a central R&D unit, R&D functions in the operational units, a diversified company with several R&D units etc. Or the solutions could in many cases be a question about make or buy their knowledge.

Newer contributions in sociology of science are all emphasizing major changes in the conditions and purposes for conducting research. Both concerning the general explanations of research as an activity with norms, quality criteria, changes in boundaries between sectors, collaboration patterns, greater focus on utilisation of research etc. (Gibbons et al 1994; Etzkowitz ; Nowotny et al. 2001; Ziman 1994, 2000). All these changes and trends have implications for conditions for research and for research management because there will probably be more cases with no clear demarcation line between inside and outside an organisation, but maybe with a higher degree of shared goals between the participants.

Input is also drawn from micro sociological studies of research (some of the general are e.g. Pelz & Andrews 1966; Andrews 1979; Bland & Ruffin 1992; Gulbrandsen 2000 and in the coming sections I will draw on other specific contributions). They are examples on empirical investigations of research environments, and they describe factors that are influencing the research environment and performance. 

Detailed studies of research organisation typically cover university research. One reason for the limited comparisons between the different research sectors is probably the different kinds of researchers who are studying the different parts of the research system using different approaches. It is sociologists of research or similar, who are studying basic research and universities, while it is management researchers who are studying industrial research and innovation (Gulbrandsen, 2000). As a consequence internal scientific explanations usually are absent. The understanding of research consists as an one-dimensional continuum of a dichotomy between on the one side uncertainty, complexity, and nonroutineness and on the other side less ambiguity, more certainty, and less risk. And if the influence of specific scientific norms are recognized, they are often hidden as a black box.

All the above mentioned inputs point in the same direction. The various conditions for research all require a certain kind of management. But it still doesn’t gives an answer to what research management is and how we can detect the most decisive areas for research management. 

3. Research management

The theoretical and empirical literature state that the main point is not about management of research or not (as mentioned in the opening quotation), but how the concept is interpreted and the management is practised. And it is not just about more or less research management. 

There is far from one single area in the field of research management, which is the decisive and the most important. Where to put the effort depends to a mainly on the context. Each company, each project, etc can have their own story to tell. In the field of management of industrial research, the problems often are expessed as a long range of dilemmas, for instance between competition on cost rather than innovation, or in other words between long-term competences and short-term shareholder value (Dunk et al. 2001) and between collaboration and competition and in a more internal perspective for instance between freedom and control, flexibility and focus, differentiation and integration, incrementalism and discontinuity (Judge et al. 1997). 

A new contribution summarize that main characteristics of management of industrial research are concerning uncertainties in various dimensions and asymmetrical distribution of knowledge (Husted 2002). The uncertainties are both concerning the time-span before the results – often the time-span for research is even longer than for the business strategy. And the uncertainties are concerning the research process, where the outline or results of the research can be others than the intended, beside the fact that the commercial use of research is difficult to measure. The asymmetrical distribution of knowledge consist – just as in knowledge management in general – that the researchers usually has greater knowledge about the scientific fields and the research potentials comparing to the management, whereas the management has greater knowledge about the overall context, i.e. the business strategy and the future market conditions. These conditions are concerning both the units conducting research and the individual researchers. 

A model for this dilemma and a framework for balancing autonomy and control can be found in the concept of first to third order management  (Ernø-Kjølhede et al. 2001). First order is the researcher self-governance, freedom to choose object and methods. Second order is creating conditions for researchers self-governance through goals, values, incitements, and rewards. Third order management is concerning the frames for the second order. This level must bring the two other levels together by creating a system with mutual trust and compound the optimal research team. The concept is developed to be used in a context of university research, but with inspiration from the industrial sector. 

Many of these statements are equal to knowledge management in general where one of the general principles are concerning managing persons, who are managing themselves. It is not possible (nor desirable) for the management to determine the research process for the individual researchers. Rather than this purpose it is necessary to create an organisation and a research environment that ensure that the researchers efforts are in accordance with the business strategy. 

Draw up issues as dilemmas will often be a matter of finding the right balance between more or less. In this paper I will focus on uncovering the dilemma – or tension – between autonomy and control, which for a long time has been a main theme both regarding the R&D organization in the company and the conditions for the individual researcher. 

To come a little closer to how management can be practised, I will - in the next sections – outline some of the meanings in the two concepts: autonomy and control.

Autonomy

To go further in the empirical studies a more detailed understanding of the concept of autonomy is required. Autonomy means ‘self-governing’ and is often seen as a continuum from more to less. Autonomy is preferable and definitely a word with positive connotations. Too little autonomy is an obstacle for creativity, but on the other hand too much autonomy is not desirable and often it is considered equal to carelessness from the superiors. ”True freedom is not the absence of structure – letting the employees go off and do whatever they want – but rather a clear structure that enables people to work within established boundaries in an autonomous and creative way” (E.Fromm: Escape from Freedom, 1941, cited from Judge et al. 1997 p.83).

To go beyond the question about more or less it can be fruitful to draw a distinction between types of autonomy. Bailyn (1985) distinguish between ‘strategic autonomy’, which means the freedom to set one’s own research agenda and ‘operational autonomy’, which is the freedom, once a problem has been set, to attack it by means determined by oneself, within given resource constraints. This distinction can help to avoid the problem by looking at the tension as just a matter of finding the right balance in a one-dimensional line.

Several empirical studies during the last decades support the perceptions of problems following to much strategic autonomy and to less operational autonomy (e.g. Pelz 1966; Bailyn 1985; Judge et al 1997). Too much strategic autonomy can cause a disconnection between business strategy and goals and the scientific enterprise in the R&D departments. It can also cause a feeling of carelessness from the management’s side, which means that the researchers does not know the direction of the research projects. And too less operational autonomy illustrated by road maps, status reports etc., often causes lack of creativity and develops a routine work attitude. But in the studies it is usually emphasised that it depends on the actual context, and they all lack concrete guidelines on how to create the correct balance.

Autonomy is a concept that is difficult to measure by facts or events. The researchers perceived position of autonomy construct indicators. For instance the fact that Pelz (1966) found that PhD’s reported most autonomy can partly be explained due to their scientific socialisation, where autonomy had become a more central issue in their consciousness. Other personal groups in the investigation have probably not discussed this subject in the same degree as PhD’s.

Bailyn points out that the level on the autonomy scale mainly depends on the research tasks, the carrier stage and –orientation. And different positions on the autonomy grid require different management styles. But how can research management ensure the desirable degree of autonomy for the researchers? Where do the management have to put his or her focus? Often it is a matter of what they should not do. Not setting goals and not have strictly time schedules etc. But does this indicate that autonomy just is a function of absence of control? It seems that there are no ‘tools’ where the management can establish the needed level of autonomy. 

Control

This leads to the next paragraph. When autonomy is an imperative issue but without prescriptions, how do we find areas for active research management? I will turn to the other part of the declared dilemma - control. And similarly to autonomy it is an advantage not only to talk about control, but also to distinguish between various forms of managerial control. See for instance Cardinal (2001), who distinguishes between input, behaviour, and output control in her study of technological innovation in the pharmaceutical industry. She defines control as “any process by which managers direct attention, motivate, and encourage organizational members to act in desired ways to meet the firm’s objectives” (p. 22). 
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Figure 1 Cardinal’s typology for types of control

The purpose for her study is to investigate potential different patterns in type and level of control regarding to the companies level of innovation, i.e. incremental innovation in the form of drug enhancement and radical innovation in the form of new drugs. The question is whether different kind of R&D projects requires different kinds of controls. 

Radical innovations represent major changes to existing technology involving the discovery of new knowledge, substantial technical risk, time, and cost. Incremental innovation represent minor changes to existing technology involving small advances based on an established foundation of knowledge (Roussel et al. 1991). The pharmaceutical industry’s core product centres on a molecule, so the borderline between radical and incremental innovation is whether the innovation leads to ‘New Chemical Entities’ that means new drugs which normally represent significant therapeutic advances. Or if it leads to drug enhancements consisting of combinations of existing drugs, new dosage forms, new indications, and formula changes. The former is considered as radical innovation and the latter is considered as incremental innovation. One of the main differences is regarding the level of uncertainty. 

The hypotheses are developed from primarily project team research but also from innovation adoption literature. The insights from these areas are that project team research finds differences regarding to communication, information needs, and team demographic characteristics and innovation adoption research did not find remarkable differences. 

Input control is central because the knowledge environment is very crucial in the pharmaceutical industry. Scientific diversity and professionalization is important to ensure communication and access to the scientific forefront in many disciplines. High quality in-house R&D increases the ability to absorb and exploit knowledge and research from other institutions, public as well as private. Focus on input control is essential for research management, so the hypothesis for input control is that if it increases will both drug enhancement and drug innovation increases. 

Behaviour control is often the implicit meaning of control, i.e. the areas where the closest and most directly relationship between managers and researchers can be found. Behavior control consists of centralization – decisions and authority – and formalization – rules and procedures. For instance rules for monitoring using performance appraisals. This will typically cause risk minimization, with consequences for motivation and creativity. On these reasons the hypotheses are if behaviour control increases – the likelihood of drug enhancement increases and for drug innovation decreases. Behaviour control is likely to favour incremental innovation.

Output control in R&D is problematic because of the idiosyncratic character. Two projects will never be identical, and the benefit for the company is difficult to measure. In the pharmaceutical industry a lot of new chemical compounds will never reach a status as a drug on the market. Typically examples of output control are specific goals. So if a company or an R&D department puts a lot of effort on output control, it will face the risk that R&D staff will focus on short-term goals, with limited risks. So the hypothesis is: output control increases – drug enhancement increases and output control increases – drug innovation decreases. 

Cardinal did not find empirical support to confirm the hypotheses. The different types of organizational control are important for radical as well as for incremental innovation. Maybe a part of the explanation is due to the fact that the questionnaires were seeking organizational principles, and therefore differences on project level remain uncovered. Another reason could be that the scales are measuring the levels of importance of the various control types, and not the content of the separate types. 

Another – and different – example on specific types of control can be found in Omta & de Leeuw (1997). They define control “as any way of (goal)-directed influence” (1997:225), and for the further operationalization and empirical investigation they use the distinction between system-, process- and external control. 
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Figure 2 Omta & de Leeuws typology for types of control

Omta & de Leeuw compared biomedical research in universities, institutes, and companies in regard to type and level of control. The data collection was performed through interview and questionnaire. The practise of control was related to performance, which were considered to be different in the three sectors. Performance measures for universities were scientific publications and reports for other users and contractors, and for industry it was number of patents, length of development, and operating profit margin. 

System control is control over inputs to the research process, i.e. personal as well as material resources. It is also concerning the formal reward system and the management’s capabilities the react to changed conditions. 

Process control contains planning on several levels – from strategic to operational – and communication cover frequency of meetings as well as the ‘status’ of the participants.  

Extern control refers to the laboratory’s scientific cooperation and communication and it is measures by frequencies of contact to other scientist.  

It is one of the main hypotheses that industry, due to profit orientation and a supposed smaller degree of uncertainty than universities (applied research and development compared to basic research) will focus on system control. The authors differ between R&D departments, which have a radical vs. incremental strategy, where the ‘radicals’ will show a higher level of research process communication. 

The investigation did not find as high differences in uncertainty between the three sectors as expected, and they did not find unambiguous causal relationships between management control and research performance. Both ways of supervision – tight as well as loose control – may “lead to high performance, provided that the fundamental requirements of system and external control are met” (Omta & de Leeuw 1997:246). It is troublesome to derive normative advises from these findings.

Although these findings did not provide unambiguous guidelines, they make it clear that the use of the term control in the context of research management will often represent areas for active research management.

4. Method
For the purpose of finding patterns I have chosen to take a quantitative approach. The empirical material to support my analyses is collected through a survey among research managers in Danish research based companies. Finding the right population consists of two tasks – first to detect the research based companies and second to find research managers in these companies. 

There is no single authoritative list over research-based companies. The official research statistic collects research-based companies through a survey to a sample of a number of companies, where the companies respond if they are conducting activities that can be labelled research and development according to the Frascati-manual used by OECD. The population in this study consist of Danish companies that have published articles in scientific journals indexed in Science Citation Index in the years 1996, 1998 or 2000. 180 companies are included in the study, and a telephone-based questionnaire had a response rate of approximately 60 percent (99 companies). This population is similar to those used in bibliometric studies of research performance, collaboration etc. 

The groups of respondents which either did not have time to participate in the investigation, were not interested or felt that they did not fit in the population of research based companies all add up to approximately 10-15 percent. The last information is interesting because this selection of the population often is used in the literature on industrial research, (Godin 1996; Okubo et al. 2000). A population selected of publications is often taken for granted as a representation of industrial research. 

Some of the research questions are related to some of the methodological problems. There is no single way to organize R&D activities. Some companies have an R&D department, some have several, and some has the activities dispersed in other operational departments. As a consequence of the various organizational structures it is not always easy to detect the research manager. In my survey the respondents hold positions as R&D-, HRM-, technological or development directors. It was a criterium that the respondents are responsible for R&D staff in the the company. It is almost the same approach as Cardinal (2001) used in her survey, where she have asked either CEOs or R&D directors. 

Among items concerning other perspectives on research management, the questionnaire included several specific items about the relationship between managers and researchers, where the research managers are asked about: 

· Thirteen items about the most important strategic tasks as managers

· Eight items about incitements to motivate and reward the researchers

· Five items about communication issues

· Six items about assessment of the researchers results

· Seven items about assessment of the researchers progress and process.

For the statistical analyses the companies was divided in three different ways. The first is by line of industry. The four groups of industries are derived from on EU’s NACE trade codes. Based on a four-digit level the model is constructed, so each company belongs to only one code. Companies belonging only to ‘Research & Development’ are manually located in another relevant group. This may be an inherent methodological problem, as it is based on an assumption that the decisive differentiation between companies is derived from their final products. But companies, which operate on different markets, are often use similar research methods, e.g. advanced biotechnology. The background variable industrial sectors comprised four equally sized categories of companies, namely a) consultancies in financial, IT and other services, b) technology companies, c) pharmaceuticals and chemistry companies, and d) manufacturing companies.

Another dependent background variable is size defined by number of researchers, where I have divided the population in four groups. 1) 50 researchers or above (n= 26), 2) between 11 and 49 (n=25), 3) from 5 to 10 (n=24), and 4) below 5 (n=24). The third dependent variable way is ‘research intensity’ defined by number of PhD’s. The population is divided in three groups, where the first group consists of companies with more than six PhD’s (n=29), the second from one to five (n=46), and the last group were without PhD’s (n=24). 

The investigation has its focus on general principles, not on a project level.

5. Results 
It is not possible to deduce the most important features for research management from the literature in sociology of science or in industrial research. But several empirical studies point out some areas that assumed to be important. Empirical studies are normally hard to compare because most studies rarely have similar approaches to the field both regarding problems to study and methods used. The areas I will focus on are related to several of the mentioned types of control. Since the two models are not compatible or identical, my examples are coming across the models. I have chosen to present four important issues. Firstly cognitive frames, which is covering aspects of input control. Secondly incentives, which most of all refers to behaviour control in the first typology and system control in the second. Finally I will present two perspectives on assessment principles. 

5.1 General pattern

Initially I will present some of the main results of the study. What issues do Danish research managers conceive as the most important? A general comparison of grand means show that the groups with highest mean were related to the ongoing research process and the lowest were related to the researchers results. 
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Figure 3 Grand means for main groups

In the following sections I will take a more focused look on some specific areas discussed in research management literature. It is not an unambiguous task to create the new variables while many of the items can be located several places. No borders are fixed, but it can be considered as a framework for studying patterns in research management. One of my aims is to clarify if there are some substantial differences between the patterns regarding to the three background variables mentioned in the method section.

5.2 Cognitive frames

As mentioned earlier one of the main issues and items for this theme is setting the frames for the self-governing researchers. The cognitive frames are influencing the researchers possibility to set their owns goals. To a wide extent it is an indicator concerning strategic autonomy. In Judge et al (1997) studies they found that the most innovative units
 were “goal-directed communities where management developed the strategic objectives and context, but gave great freedom to the researchers within that context” (p. 76). The most innovative companies emphasized the importance of operational autonomy for the researchers, but retained strategic autonomy for top management. In my case I have no indicators for innovativeness.
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Figure 4 Means for items measuring cognitive frames

The figure show that the most important issue is to set strategic goals for the R&D department or –function. No item has a low score in the general picture. Communicating and interpreting the external (for an R&D-department) signals and conditions are all considered important by the research managers. It gives no answer to how they are setting  - and the contents of – the frames, but it tell us in what degree the issues are on the agenda. The next step is to see if these issues are just as important in all kind of R&D settings. 

Using only one item to measure a construct (cognitive frames) will have a limited validity, so I perform a scale using the relevant items from the ‘strategic task’ and ‘communication task’ groups. It requires sufficient reliability between items, which I will control by using Cronbach’s Alpha. 

A scale for cognitive frames is computed (CA .65). No significant differences were detected in relation to lines of industry and number of researchers, but companies without PhD’s employed has a remarkable lower mean for cognitive frames than companies employing PhD’s

 (F=3,2  p<0,05).

Similarly I computed a construct for the importance of setting and following time schedules using four items (CA .8). I could not find any significant differences regarding to the independent variables, but the figures for PhD’s show a bit like a similar pattern, while companies with many PhD’s weighted the time schedule questions lowest. 

5.3 Incentives

Where cognitive frames were concerning strategic autonomy, incentives for a large degree are concerning operational autonomy – how the researchers can receive their goals. How does management secure that researchers perform their best? Incentives are concerning behaviour control in Cardinals classification and system and process control in Omta & de Leeuws grouping. A beneficial further step is not only to observe a certain degree of control, but also to find the content of the different kinds of control. For the purpose I will discuss relationships between creativity and motivation. 

Amabile (1997) differ between intrinsic motivation, which is “the motivation to work on something because it is interesting, involving, exiting, satisfying, or personally challenging”(p.39). She find that people who are intrinsic motivated are more creative than people who are extrinsically motivated, which mean that they are motivated by “expected evaluation, surveillance, competition with peers, dictates from superiors, or the promise of rewards” (p.39). 

Amabiles basic assumption is that where the extrinsic motivation increases, intrinsic motivation must decrease. But she emphasis that the actual outcome often may deviate from this causal relationship. It depends mainly on the specific kind of extrinsic factors there are used, and under which circumstances. Some times extrinsic motivators can support the intrinsic. Primarily it depends on the person’s level of intrinsic motivation. If it is high one might expect an additive effect of intrinsic and extrinsic motivators. On the contrary, if the intrinsic motivation is vague, the risk for negative impact of extrinsic motivation factors will increase
. Secondly certain types of reward, recognition, and feedback may have positive effects on motivation. For instance successful projects may cause resources for technical equipment. If the extrinsic motivators have a controlling purpose, they will normal have a negative effect. 

Also the timing of extrinsic motivators can have positive effects, but this is a factor, which is very difficult to measure in a survey. 
Judge et al (1997) studies conclude that highly innovative units to a large degree use intrinsic rewards. Common examples are work satisfaction, recognition from ones peers, acknowledgement from superiors. Less innovative units uses extrinsic rewards such as salary increases, bonuses, and stock options. “Less innovative units had explicit, aggressive goals with firm deadlines”, and “Highly innovative units stressed the importance of reasonable goals and de-emphasized deadlines” (Judge et al p.80). This is also supported by Randle & Currie (1996) who summarize that monetary rewards will discourage risk-taking and creativity and undermining intrinsic motivation.

R&D managers in highly innovative units focus not only on technical and scientific aspects, but also on group cohesiveness. And in recruiting the managers weight the social abilities, highly beside the scientific skills. On the contrary the less innovative units put more emphasis on the individual abilities and skills. 

Let us take a look on the results from the survey. Figure 5 shows the figures from the section regarding motivation and incentives. 
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Figure5 Means for items measuring motivation and incentives

The general picture indicates that factors that intuitively are considered as intrinsic motivators (e.g. working environment, setting ones own research projects, setting own project groups) have a remarkable higher score than the extrinsic motivating factors (e.g. general wage increase, bonus for successful results, and advancement on the managerial ladder). 

But when the items in figure 5 are divided in groups for intrinsic and extrinsically motivation factors, some of the items are of course subject to interpretation. For instance a researchers possibilities to publish his or hers results. Often it is stressed as one of the main issues for the dilemma between the researchers and the company’s interests. Amabile mention competition with peers as an extrinsically motivation factor, but it could as well be considered as an intrinsic. 

The attempt to construct scales measuring respectively intrinsic motivators (including items like ‘working environment’, ‘setting own research project’ and ‘research groups’) and extrinsic motivators (items like ‘general wage increases’, ‘bonus for successfully results’, and ‘advancement on the managerial ladder’) failed by the fact that neither of them obtained a sufficient reliability (CA .45). 

A topic that often is assumed to be one of the battlefields in “the clash of cultures” (Raelin 1986) for managing professionals – and especially researchers – are the interaction with other researchers through publishing and conferences. 

In this area I could not detect any significant difference regarding industry or number of researchers. But there is a significant difference between environments that employ many PhDs (more than five) and those who employ fewer or none (F=5,5 p<0,05). This result indicates that the presence of PhD’s in company research is the decisive condition for an existence of more traditional scientific norms.

5.4 Assessment of the researchers results

Figure 6 show the means for items measuring how managers value the outcome of the research. The group is characterized of the lowest grand mean and – compared to other groups – a massive variation among the items. 
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Figure 6 Assessment of the researchers results

First of all is mentioned the commercial use. It is not surprising, while it is the whole raison d'être of companies R&D activities. Maybe more unexpectedly, scoring the lowest rating is the valuation of research that leads to patents. Behind this mean is – however – a variation from the lowest to the highest responses. The conditions and motivations for taking patents vary a lot among companies and line of industries. Further investigations in that direction require detailed studies of the companies’ patent strategies.

But it seems in general that items corresponding to extrinsic motivators receive the highest scores in this group.

5.5 Assessment of the researchers progress and process.

This group have the highest grand mean and almost no variation among the items. However – some tendencies can be noticed concerning the R&D manager’s values. 
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Figure 7 Assessment of the researchers progress and process.

Relating to the dimension of behaviour control concerning formalization a tendency towards personal competencies like commitment, involvement, competence development, originality etc. are perceived more important than more ‘formalized’ competencies like capabilities to follow strategies and time schedules.

Therefore three groups could be obvious for further analyses. 1) Personal competences that could be measured by the three items: Commitment, developing of competencies and show original initiative. 2) Collaborative competencies – corporate inside the company as well as with other researchers. 3) Company procedures competencies – able to follow company strategy and schedules. But none of these could reach a sufficient reliability measure (they were all below CA .6).

6. Conclusions

The conclusion content several answers. The overall pattern is if the two typologies of control are followed the main emphasis from R&D managers is located in ‘internal’ types of control (i.e. respectively input and behaviour control and system and process control) and ‘external’ control reach generally lower weight in the answers. Generally the managers did perceive process and communication aspects as most essential. 

Another answer is that beside this picture it can also be mentioned that a specific pattern is difficult to detect. Some differences in the general means are observed, but this picture is followed by the fact that the answers are scattered all over the scale. It is possible to find examples that support nearly all opinions. But perhaps it is not surprising. One of the assumptions was that each company has it’s own history and context, which cannot be derived from a formal structure or a specific line of industry in all cases. 

Researchers and practicians typically want to find the right explanation, but perhaps it is not possible at all. Maybe it is not possible to establish a causal connection between managerial action and research outcome. There are so many influencing factors on a research organisation, and they have different weights in different organizations. Among them are financial constraints, general human resource principles, task uncertainty, the companies’ size and age, technological specialisation, market conditions, competitive conditions, specific conditions depending on stages in research projects, alternative job possibilities, and finally personal characteristics by the managers or by the front researchers, who can change the whole situation if they leave. 

A third answer is that the most remarkable finding from the study, is while I did not observe significant differences explained by line of industry or number of researchers, I really did find some related to number of PhD’s. It can in several cases indicate a demarcation line between conceptions of management. It was observed in the question of creating ‘cognitive frames’, and mostly in relation to scientific publishing and conference attendance. It can almost support a quotation from another study, where “the critical factor is not size, but culture” (Pearson, from Judge et al. p.82). Culture is an ambiguous concept, often used if other explanations are not available, but it can maybe mark a turning point in Danish industrial research. When PhD’s are entering Danish industry, which is a relative new phenomena compared to other western countries, a change in management perceptions and practice will occur. 

As well as it is difficult to establish other causal relationships, this pattern can either be caused by some kind of pressure from researchers, who perform best when they have a regular contact with the scientific community, but it can also be caused by the demand from that type of companies, which have tasks that require certain kind of research skills. 

Some methodological considerations should be taken into account. To select independent variables among all possible relevant variables may result in an absence of others. Measures of for instance task uncertainty and innovativeness could probably come out with other patterns. A specific comment is connected to the problems of dividing between lines of industry by using NACE trade codes. The companies are classified through their final products, they are assigned a various number of codes, and depending of the purpose of the study the outcome is almost arbitrary. For further studies it would be beneficial to classify the companies manually. 

The distribution and pattern of the answers can partly be due to organisational constraints in regard to difference in distance to the research process and the research environment(s) for R&D managers. 

These patterns do not necessarily show how research management is actual executed and likewise with the differences between the lines of industry, number of researchers and PhD’s. But they show how the questions are conceived. It can – of course – be a matter of issues on the current agenda about research. And as in other surveys there can be a discrepancy between what the respondents say, and what they are practicing.

Dillman et al. (1996) points out a risk that the respondents seek to prefer social desirable answers to the statements in a telephone based questionnaire. So there is of cource a risk that a survey can – partly – confirm current and popular issues on the agenda.

Like the quotations and studies mentioned in the beginning I may have problems with generalizations and normative advises. The fact that I did not find as much significant differences as I may have hoped does not mean that it is not a result. I still not haven’t found the final prescriptive advice for correct research management, but it must not turn to a situaiton like in clinical research, where Easterbrook et al. (1991, citet from Omta & de Leeuw 1997) found that there were a tendency toward a bias against publishing ’negative’ results, ie. results with no siginificant differences between  study groups, where less likely to be published. It was not only referees and editors, but also researchers with non-significant results themselves, who decided not to go further if they doesn’t have ‘good’ news.

But it leads to further studies, and the results presented in this paper are a also a point of departure for another survey. 
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� A patent indicator called ‘Technology Cycle Time’, which is the age of the median patent, measured eight US biotech companies. The quality data collection was conducted via interviews in the companies.


� Many researchers has emphasis that the causal relationship between management practice (e.g. autonomy) and performance is difficult to determine (e.g. Pelz 1966; Omta & de Leeuw 1997). It can for instance be due to the researchers qualifications and performance that leads to a more loose control practice. 
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Ark1

		Descriptives

		Descriptive Statistics

				N		Minimum		Maximum		Mean		Std. Deviation

		at give forskerne et godt arbejdsmiljø?		98		4		7		6.3469		0.6751

		at give forskerne mulighed for deltagelse i videnskabelige konferencer?		99		1		7		5.7879		0.9926

		at fremme forskernes anerkendelse i virksomheden?		93		1		7		5.7204		1.3381

		at give forskerne mulighed for formulering af egne forskningsprojekter?		94		1		7		5.0426		1.6456

		at give den enkelte forskere generel lønstigning?		90		1		7		4.9556		1.2170

		at give forskerne mulighed for publicering af resultater?		95		1		7		4.8632		1.7049

		at give forskerne mulighed for at sammensætte egne projektgrupper?		93		1		7		4.5914		1.5690

		at give forskerne bonus for vellykkede resultater?		91		1		7		4.5824		1.7196

		at give forskerne mulighed for forfremmelse til lederstilling?		86		1		7		4.3721		1.3551

		Valid N (listwise)		77						5.1403

		Descriptive Statistics

				N		Minimum		Maximum		Mean		Std. Deviation

		forskningsresultaterne føre til kommerciel anvendelse?		99		1		7		6.2828		1.2292

		forskerne overholder projekternes tidsfrister?		97		3		7		5.6392		1.0526

		forskerne deltager i videnskabelige konferencer?		99		1		7		5.3636		1.1015

		forskningsresultaterne bliver præsenteret på kommercielle konferencer?		98		1		7		4.7959		1.6051

		forskningsresultaterne bliver præsenteret på videnskabelige konferencer?		98		1		7		4.6020		1.6292

		forskningen bliver publiceret i videnskabelige tidskrifter?		98		1		7		4.1939		1.7507

		forskningen fører til patentering?		96		1		7		4.0729		1.8764

		Valid N (listwise)		93						4.9929

		working environment		98		4		7		6.3469		0.6751

		access to scientific conferences		99		1		7		5.7879		0.9926

		reputation in the company		93		1		7		5.7204		1.3381

		own research projects		94		1		7		5.0426		1.6456

		general  wage increase		90		1		7		4.9556		1.2170

		possibilities to publish		95		1		7		4.8632		1.7049

		own project groups		93		1		7		4.5914		1.5690

		bonus for succesfull results		91		1		7		4.5824		1.7196

		advancement on the managerial ladder		86		1		7		4.3721		1.3551

		Valid N (listwise)		77						5.1403

		Descriptive Statistics

				N		Minimum		Maximum		Mean		Std. Deviation

		leads to commercial use		99		1		7		6.2828		1.2292

		Time limits		97		3		7		5.6392		1.0526

		participates in scientific conferences		99		1		7		5.3636		1.1015

		presenting on commercial conferences		98		1		7		4.7959		1.6051

		presenting on scientificl conferences		98		1		7		4.6020		1.6292

		publishing in scientific journals		98		1		7		4.1939		1.7507

		leads to patents		96		1		7		4.0729		1.8764

		Valid N (listwise)		93						4.9929
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Ark1

		Descriptive Statistics

				N		Minimum		Maximum		Mean		Std. Deviation		Variance

		udviser stort engagement?		97		4		7		6.4020618557		0.7020771832		0.4929123711

		udvikler deres kompetencer?		98		5		7		6.2959183673		0.6455108051		0.4166841995

		udviser selvstændigt initiativ?		97		4		7		6.2577319588		0.7111954507		0.5057989691

		er i stand til at samarbejde med andre dele af virksomheden?		98		2		7		6.0306122449		0.9573813257		0.9165790027

		er i stand til at samarbejde med andre forskere?		98		3		7		6.0306122449		0.9680896443		0.9371975594

		er i stand til at følge virksomhedens strategi?		99		3		7		5.9696969697		0.8858818442		0.7847866419

		når fastlagte delmål?		97		3		7		5.7628865979		0.9658027304		0.9327749141

		Valid N (listwise)		95

		commitment - involvment		97		4		7		6.40		0.7020771832		0.4929123711

		development thier competencies		98		5		7		6.30		0.6455108051		0.4166841995

		show original initiative		97		4		7		6.26		0.7111954507		0.5057989691

		able to coorporate - inside the company		98		2		7		6.03		0.9573813257		0.9165790027

		able to coorporate - with other researchers		98		3		7		6.03		0.9680896443		0.9371975594

		Able to follow company strategy		99		3		7		5.97		0.8858818442		0.7847866419

		Follow the scedules		97		3		7		5.76		0.9658027304		0.9327749141

										6.11

		Descriptive Statistics

				N		Minimum		Maximum		Mean		Std. Deviation		Variance

		for Dem som forskningsleder at opstille strategiske mål for forksningsafdelingen?		99		3		7		6.35		0.9070374665		0.8227169656

		, når De kommunikerer med Deres forskere at formidle virksomhedens strategi?		97		1		7		5.82		1.1366096266		1.2918814433

		for Dem som forskningsleder at følge topledelsens retningslinier for forskningen ?		98		1		7		5.79		1.2863277869		1.6546391753

		for Dem som forskningsleder at opstille operationelle tidsplaner for forskningen?		99		1		7		5.68		1.3079683797		1.7107812822

		, når De kommunikerer med Deres forskere at formidle udviklingen på markedet?		98		1		7		5.43		1.1840869291		1.4020618557

		, når De kommunikerer med Deres forskere at formidle best practice inden for branchen?		94		1		7		5.18		1.4365637462		2.0637153969

		for Dem som forskningsleder at fortolke omverdenen for virksomhedens forskere?		97		1		7		5.10		1.4753850916		2.1767611684

		Valid N (listwise)		90

		setting strategic goals								6.35

		communicate the companys strategy								5.82

		follow top managements guidelines for research								5.79

		setting operational scedules								5.68

		communicate the market situation								5.43

		communicate best practice								5.18

		interpret the external environment								5.10

		setting strategic goals		6.35

		communicate the companys strategy		5.82

		follow top managements guidelines for research		5.79

		communicate the market situation		5.43

		communicate best practice		5.18

		interpret the external environment		5.10
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Ark1

		Descriptive Statistics

				N		Minimum		Maximum		Mean		Std. Deviation		Variance

		udviser stort engagement?		97		4		7		6.4020618557		0.7020771832		0.4929123711

		udvikler deres kompetencer?		98		5		7		6.2959183673		0.6455108051		0.4166841995

		udviser selvstændigt initiativ?		97		4		7		6.2577319588		0.7111954507		0.5057989691

		er i stand til at samarbejde med andre dele af virksomheden?		98		2		7		6.0306122449		0.9573813257		0.9165790027

		er i stand til at samarbejde med andre forskere?		98		3		7		6.0306122449		0.9680896443		0.9371975594

		er i stand til at følge virksomhedens strategi?		99		3		7		5.9696969697		0.8858818442		0.7847866419

		når fastlagte delmål?		97		3		7		5.7628865979		0.9658027304		0.9327749141

		Valid N (listwise)		95

		commitment - involvment		97		4		7		6.40		0.7020771832		0.4929123711

		development thier competencies		98		5		7		6.30		0.6455108051		0.4166841995

		show original initiative		97		4		7		6.26		0.7111954507		0.5057989691

		able to coorporate - inside the company		98		2		7		6.03		0.9573813257		0.9165790027

		able to coorporate - with other researchers		98		3		7		6.03		0.9680896443		0.9371975594

		Able to follow company strategy		99		3		7		5.97		0.8858818442		0.7847866419

		Follow the scedules		97		3		7		5.76		0.9658027304		0.9327749141
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Ark1

		Descriptives

		Descriptive Statistics

				N		Minimum		Maximum		Mean		Std. Deviation

		at give forskerne et godt arbejdsmiljø?		98		4		7		6.35		0.6751

		at give forskerne mulighed for deltagelse i videnskabelige konferencer?		99		1		7		5.79		0.9926

		at fremme forskernes anerkendelse i virksomheden?		93		1		7		5.72		1.3381

		at give forskerne mulighed for formulering af egne forskningsprojekter?		94		1		7		5.04		1.6456

		at give den enkelte forskere generel lønstigning?		90		1		7		4.96		1.2170

		at give forskerne mulighed for publicering af resultater?		95		1		7		4.86		1.7049

		at give forskerne mulighed for at sammensætte egne projektgrupper?		93		1		7		4.59		1.5690

		at give forskerne bonus for vellykkede resultater?		91		1		7		4.58		1.7196

		at give forskerne mulighed for forfremmelse til lederstilling?		86		1		7		4.37		1.3551

		Valid N (listwise)		77						5.14

		Descriptive Statistics

				N		Minimum		Maximum		Mean		Std. Deviation

		forskningsresultaterne føre til kommerciel anvendelse?		99		1		7		6.2828		1.2292

		forskerne overholder projekternes tidsfrister?		97		3		7		5.6392		1.0526

		forskerne deltager i videnskabelige konferencer?		99		1		7		5.3636		1.1015

		forskningsresultaterne bliver præsenteret på kommercielle konferencer?		98		1		7		4.7959		1.6051

		forskningsresultaterne bliver præsenteret på videnskabelige konferencer?		98		1		7		4.6020		1.6292

		forskningen bliver publiceret i videnskabelige tidskrifter?		98		1		7		4.1939		1.7507

		forskningen fører til patentering?		96		1		7		4.0729		1.8764

		Valid N (listwise)		93						4.9929

		working environment		98		4		7		6.3469		0.6751

		access to scientific conferences		99		1		7		5.7879		0.9926

		reputation in the company		93		1		7		5.7204		1.3381

		own research projects		94		1		7		5.0426		1.6456

		general  wage increase		90		1		7		4.9556		1.2170

		possibilities to publish		95		1		7		4.8632		1.7049

		own project groups		93		1		7		4.5914		1.5690

		bonus for succesfull results		91		1		7		4.5824		1.7196

		advancement on the managerial ladder		86		1		7		4.3721		1.3551

		Valid N (listwise)		77						5.1403

		Descriptive Statistics

				N		Minimum		Maximum		Mean		Std. Deviation

		leads to commercial use		99		1		7		6.2828		1.2292

		Time limits		97		3		7		5.6392		1.0526

		participates in scientific conferences		99		1		7		5.3636		1.1015

		presenting on commercial conferences		98		1		7		4.7959		1.6051

		presenting on scientificl conferences		98		1		7		4.6020		1.6292

		publishing in scientific journals		98		1		7		4.1939		1.7507

		leads to patents		96		1		7		4.0729		1.8764

		Valid N (listwise)		93						4.9929
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				assessment of researchers progress		6.11

				communication issues		5.83

				General strategic tasks		5.62

				Incetement and motivators		5.14

				assessment of researchers results		4.99

		Descriptive Statistics

				N		Minimum		Maximum		Mean		Std. Deviation		Variance

		Hvor vigtigt er det for Dem som forskningsleder at opstille strategiske mål for forksningsafdelingen?		99		3		7		6.3535353535		0.9070374665		0.8227169656

		Hvor vigtigt er det, når De kommunikerer med Deres forskere at formidle virksomhedens strategi?		97		1		7		5.824742268		1.1366096266		1.2918814433

		Hvor vigtigt er det for Dem som forskningsleder at følge topledelsens retningslinier for forskningen ?		98		1		7		5.7857142857		1.2863277869		1.6546391753

		Hvor vigtigt er det for Dem som forskningsleder at opstille operationelle tidsplaner for forskningen?		99		1		7		5.6767676768		1.3079683797		1.7107812822

		Hvor vigtigt er det, når De kommunikerer med Deres forskere at formidle udviklingen på markedet?		98		1		7		5.4285714286		1.1840869291		1.4020618557

		Hvor vigtigt er det, når De kommunikerer med Deres forskere at formidle best practice inden for branchen?		94		1		7		5.1808510638		1.4365637462		2.0637153969

		Hvor vigtigt er det for Dem som forskningsleder at fortolke omverdenen for virksomhedens forskere?		97		1		7		5.1030927835		1.4753850916		2.1767611684

		Valid N (listwise)		90

										5.6218964086

		Descriptive Statistics

				N		Minimum		Maximum		Mean		Std. Deviation		Variance

		Hvor vigtigt er det, når De kommunikerer med Deres forskere at have en åben diskussion om projekternes udvikling?		98		3		7		6.4081632653		0.7973762993		0.6358089628

		Hvor vigtigt er det, når De kommunikerer med Deres forskere at give feedback på opnåede resultater?		98		1		7		6.3163265306		0.990646345		0.9813801809

		Hvor vigtigt er det, når De kommunikerer med Deres forskere at formidle virksomhedens strategi?		97		1		7		5.824742268		1.1366096266		1.2918814433

		Hvor vigtigt er det, når De kommunikerer med Deres forskere at formidle udviklingen på markedet?		98		1		7		5.4285714286		1.1840869291		1.4020618557

		Hvor vigtigt er det, når De kommunikerer med Deres forskere at formidle best practice inden for branchen?		94		1		7		5.1808510638		1.4365637462		2.0637153969

		Valid N (listwise)		93

										5.8317309113
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		Descriptives

		Descriptive Statistics

				N		Minimum		Maximum		Mean		Std. Deviation

		at give forskerne et godt arbejdsmiljø?		98		4		7		6.3469		0.6751

		at give forskerne mulighed for deltagelse i videnskabelige konferencer?		99		1		7		5.7879		0.9926

		at fremme forskernes anerkendelse i virksomheden?		93		1		7		5.7204		1.3381

		at give forskerne mulighed for formulering af egne forskningsprojekter?		94		1		7		5.0426		1.6456

		at give den enkelte forskere generel lønstigning?		90		1		7		4.9556		1.2170

		at give forskerne mulighed for publicering af resultater?		95		1		7		4.8632		1.7049

		at give forskerne mulighed for at sammensætte egne projektgrupper?		93		1		7		4.5914		1.5690

		at give forskerne bonus for vellykkede resultater?		91		1		7		4.5824		1.7196

		at give forskerne mulighed for forfremmelse til lederstilling?		86		1		7		4.3721		1.3551

		Valid N (listwise)		77						5.1403

		Descriptive Statistics

				N		Minimum		Maximum		Mean		Std. Deviation

		forskningsresultaterne føre til kommerciel anvendelse?		99		1		7		6.2828		1.2292

		forskerne overholder projekternes tidsfrister?		97		3		7		5.6392		1.0526

		forskerne deltager i videnskabelige konferencer?		99		1		7		5.3636		1.1015

		forskningsresultaterne bliver præsenteret på kommercielle konferencer?		98		1		7		4.7959		1.6051

		forskningsresultaterne bliver præsenteret på videnskabelige konferencer?		98		1		7		4.6020		1.6292

		forskningen bliver publiceret i videnskabelige tidskrifter?		98		1		7		4.1939		1.7507

		forskningen fører til patentering?		96		1		7		4.0729		1.8764

		Valid N (listwise)		93						4.9929

		working environment		98		4		7		6.3469		0.6751

		access to scientific conferences		99		1		7		5.7879		0.9926

		reputation in the company		93		1		7		5.7204		1.3381

		own research projects		94		1		7		5.0426		1.6456

		general  wage increase		90		1		7		4.9556		1.2170

		possibilities to publish		95		1		7		4.8632		1.7049

		own project groups		93		1		7		4.5914		1.5690

		bonus for succesfull results		91		1		7		4.5824		1.7196

		advancement on the managerial ladder		86		1		7		4.3721		1.3551

		Valid N (listwise)		77						5.1403

		Descriptive Statistics

				N		Minimum		Maximum		Mean		Std. Deviation

		leads to commercial use		99		1		7		6.2828		1.2292

		Time limits		97		3		7		5.6392		1.0526

		participates in scientific conferences		99		1		7		5.3636		1.1015

		presenting on commercial conferences		98		1		7		4.7959		1.6051

		presenting on scientificl conferences		98		1		7		4.6020		1.6292

		publishing in scientific journals		98		1		7		4.1939		1.7507

		leads to patents		96		1		7		4.0729		1.8764

		Valid N (listwise)		93						4.9929
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