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Abstracts :

The article focuses on the differences in the critical difficulties between « start up companies » that originate from public and private research centres. From a methodological point of view, the process of technical innovation is divided into five steps : validation of the concept by a prototype (step 1), perfect command of the technology (step 2), identification of potential markets (step 3), choice between industrial solutions (step 4), and commercial policy (step 5).  Two main dimensions are investigated to identify critical difficulties. Firstly an instrumental approach in terms of the coordination process inside and between steps (contents), and secondly through a comprehensive approach based on an analysis of speech acts. The data is based on in depth interviews with the creators of  “ start up companies” from public and private research teams (four cases studies). 

Results include

- For the cognitive/rational topic : work division, and researchers’ core competencies, are different between private and public research teams. Scope researchers competences in private research centres are more important mainly because not only they study the step of validation of concept by prototype but also technical feasibility of the project and characteristics of industrial solutions. 

- For the comprehensive/identity approach : differences between public and private innovators are organized into two main inter connected points :  relationships with time and with uncertainty.  All public researchers’ projects have an important uncontrolled temporal drifting,  with no real corrections.  Furthermore very often they have to demonstrate without ambiguity their results and then they only can foresee propositions for the others steps. 

The cognitive and comprehensive characteristics are connected with the organisational choices and appraisal methods of the university and the private firm studied.
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Introduction

A set of procedures has been set up by the French government to promote the relationship between research and its industrial applications. This article tries to identify the critical difficulties met by academic “start-up companies” and compare these difficulties with private companies difficulties 
 . Difficulties are called critical because they strongly shape the project development, either they stop its development or they strongly shape its future evolution.   

This exploratory research is based on two simple principles : a technological innovation may be divided into different interconnected functions, and secondly the validation of each function requires a set of competences. In other words the success of an innovation depends on the creator’s capability to call up the competence networks he needs (Gibb, Davies, 1990; Szarka, 1990; Gribb, 1993; Mustar, 1997, 1998). This methodological position avoids focusing the analysis only on the creator in a psychological (Carland, Hoy and Carland, 1984, 1988) or cognitive approach (Stevenson, Gumpert, 1985; Smith, Gannon, Grimm, Mitchell, 1988), as well as focusing on the cultural and economical environment  (Kimberly, 1979; Reynolds, 1991; Herron, Sapienza, Smith-Cook, 1991, Boutillier et Uzunidis, 2000). The psychological, cognitive or territorial (Marchesnay, 1998, 2000) dimensions could be integrated later to take into account difficulties for the entrepreneur to set up a new organization (Verstraete, 1997, 2000).

The issue can be sumed up in the following way : what are the critical difficulties identified by academic and private researchers when they want to mobilize competence networks to validate each technological innovation function and their interdependencies ?

Analysis based on competence networks can be mobilized from different conceptual frameworks. This study refers to theoretical framework called  “translation sociology” or sociology of the technico-economic networks (Callon, 1986; 1991; Callon, Larédo and Mustar, 1995). The main preoccupation is to identify the difficulties – namely controversies – in the network involvement. The start up process is complex, and one of the difficulties is the deficiency in shareholders’ equity (Cooper and alii, 1986; Laitinen, 1992). This difficulty is linked with other critical points such as intellectual protection, board direction composition, team management  and so on (Sammut, 2002). All these variables have been progressively integrated into a more global model. However, this communication deals mainly with the validation of each function (functional approach) and the competence networks associated. 

The following chart sums up this principle. 
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Figure 1 : function and competence networks in technological innovation 

first plan of analysis 

Data management

The data is based on interviews with public and private professional experts. Mainly this involves the spin off process manager of the private firm, and the academics SAIC 
 manager. Five in depth interviews have been done with the creators of the “start up companies” from public (3 interviews) and private (2 interviews) research teams. The sector studied is the technology and information sector (TIC).  Two types of data have been collected : factual data which describe researchers’ practices in their organizational context, and “comprehensive” data, in which researchers speak of  themselves, that is to say of their real motivations.

Classically, this article is organized in three parts. We begin with the presentation of  the conceptual framework and collection of data (part I - Method ) . Then we set out the critical difficulties for academic and private “start up companies” (part II – Main results) and we conclude with a discussion of the main results (part III – discussion). The conclusion sums up the added value and underlines these main limits. Some of the upcoming research developments are mentioned.

I- Methods : conceptual framework and collection of data

The purpose of this part is to present the basic principles of a functional approach for the technological innovation (1.1) and competence networks (1.2)

1.1 Functional analysis : basic principles

Each activity can be divided into different functions. A function may be analyzed by its finality, its inputs, outputs and control mechanisms (Cazaubon, Gramacia and Massard, 1995; Tassinari, 2003). Each function can be broken up into subfunctions if more details are required. 

From a methodological point of view in the first time using the functional approach the technological innovation is dissociated from the organizational choices and actor’s games which makes the analysis easier.  Moreover the differences between difficulties of academic and private start up allows us to compare public and private organization efficiency in the success of each function and theirs interconnections.

In a first approach we can divide the connection between research and industrial applications into five functions. This proposal is based on from experts’ interviews and case studies. The following table sums up these functions and subfunctions. We have to remember  that the central issue is not the sequential  processing but its interconnections (principle of concurrent engineering cf. Navarre, 1993; Giard, 1999)

	Functions
	Subfunctions



	F1 To validate scientifically the innovative concept
	F1.1 To model from a conceptuel point of view the innovative concept

F1.2 To draw up a prototype

	F2 To master the technology 
	F2.1  To acquire a technological portfolio and to  master the associated know-how

F2.2  To master the technical dimension of the innovation

	F3 To identify the potentiel markets
	F3.1 To identify accurately the potential areas of applications

F3.2 To define an application for each market segment

	F4  To implement an industrial solution
	F4.1 To implement industrial procedures

F4.2 To be able to identify and to answer customer request’s adequately

	F5 To sell the innovative technology
	F5.1 To assess the commercial networks

F5.2 To define the pricing


Figure 2 : functional approach of the technological innovation

Interconnections between the different functions and sub-functions are numerous. For instance this is the case between modeling (F1.1) and drawing up a prototype (F1.2),  between identifying the potential market (F3) and drawing up a prototype (F1.2), mastering the technical dimension of the innovation (F2.2), or between identifying customer request’s adequately (F4.2) and mastering the technical dimension of the innovation (F2.2). 

In consequence, the reading relationships between functions as a chronological sequence would substantially impoverish the analysis. One of the most important difficulties in the project management of technical innovation is to run these interdependencies.  It is complicated  seeing that each function has its own temporality. For example, the time required to master the technology is not the same as the market evolution, however you need to inter-link them.   The following diagram summarizes these interconnection principles.
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Figure 3 : interconnections between functions

1.2 Competence networks : basic tenet 

Methodologically, the approach is simple : to validate the functions and subfunctions the project leader has to mobilize competence networks. Therefore this study is not focused on the single creator’s competences (for this topic see Charles-Pauvers, Schieb-Bienfait and Urbain, 2002).   We have many definitions of what comptence is. In this communication we refer to the Parlier and Gilbert ‘s definition (1992). Competence is ”a set of knowledges, of capability to act and behaviors structured to achieve a specific goal in a specific situation”. In this study the most important is not to precisely identify what are the competences, but to underline the difficulties to be able to call upon them by networks. 

In practice, the competences are not immediately available for two main reasons. One reason is that we have an uncertainty associated with the theoretical and the practical resolution of each innovative project. There is a risk and consequently a bet, which has important repercussions in the conditions of project financing.  An another reason is that technical innovation projects are, as all projects, built by networks of actors. Neither the rational, the affective, nor identity coordination are always simple. Numerous difficulties appear and the second part of this study tries to identity them.

Drawing the main guidelines, competences can be mastered by the project leader from his/her education, training and career. They can also be obtainable by project leader network of acquaintances (professional and social capital) (Bozeman, Dietz and Gaughan, 2001), or purchasable on the market either with consultants’counsels, hiring a salaried, or by subcontractors .  We also have to take into account the role of support structures such as the  Service of Commercial and Industrial Activites (SAIC) for the academic, the incubator, the Regional Centers for Innovation and Transfert of Technology (CRITT) and so on. 

The academic and private researchers case studies underline some of these difficulties in the involvement of competence networks.

1.3  Some information on the collection of data

The main guideline that drive interviews was the functional approach of the innovation process. Researchers have had to speak only of their project, without more informations.  Taking a step back, I realized that the interviews had three different stages. The first one was mainly organized around rational speech. The researchers tried to explain from a rational point of view why they had decided to create a firm. Very often this first step ran as a defense mechanism or a conventional speech. In a second stage, the researchers described in more concrete terms their practices and difficulties : what they did and why, how they did and what  their main difficulties were. Generally in the middle of the second stage, or at the end,  appeared some very short comments on their real motivations and personal difficulties : for instance the need for concrete applications, taking away the power relationship at the university ... . They also spoke about what they had been personally affected by. In the third stage researchers spoke of themselves in their own words. We call this step a comprehensive approach for differentiating it from a cognitive/rational attitude.

In summary, in this first part we have elaborated a short model based on a functional approach of the technological innovation. The hypothesis is that for each step and their interconnection, competence networks have to be mobilized. The purpose of this study is  to identify the main critical difficulties by academic and R&D researchers from private firms when they try to mobilize competence networks. 

II- Results : identification of critical difficulties for academic and private “start up companies”. 

In this part academic and private “start up” difficulties are presented separately. After analyzing the academic cases (2.1) ,  we will study the private “start-up companies” (2.2). The discussion of the results will be led in the third part. 

2.1 Critical difficulties in the academic cases

The difficulties strongly shaping the future development of the project, that is to say the critical difficulties, are noted for each function.

Competence networks and difficulties concerning F1
Resorting to an instrumentation, such as trail test, software, is often required to advance in the conceptual model of the innovation or to test the prototypes. Thus, rapidly, the critical network of competences becomes that of the laboratory’s, which conditions the accessibility of measure and test tolls. When difficulties appear, the whole competence network of the laboratory can’t be involved. In the same way, the legitimacy of the project leader may be contested as well as the intellectual propriety of the innovation. Therefore, having a good relationship with laboratory director, as well as with researchers, appears to be a central issue for the future project development. Actually, if the researcher doesn’t have the laboratory support to progress in the validation of the technology innovation phase 1, he / she has to buy competences on the market, either  by hiring salaried engineers or researchers, or by purchasing a service provision. In the same way, he/she must invest – trial test and other apparatus –  to validate F1, but these investments are generally completely underused. Fundamentally, these difficulties make the financing viability of the project more complicated.

Competence networks  and difficulties concerning F2
The F1 conclusions can be applied to the F2 function. Breaking with the initial team research has important consequences in the mastery of the technological portofolio and the associated  know-how (F2.1) but also with the control of the technical project feasibility (F2.2). Furthermore the function F2.2 is better managed if the researcher has had the opportunity to drive this process in his / her previous career (see later). 

With the functions F3 – F4  - F 5  researchers are confronted  with field expertise outside of their core competences. The capability to mobilize support structures and expert networks  becomes crucial. 

Competence networks and difficulties concerning F3
The main tension result from the interactions between function F3 with functions F1/F2, but also function F4.

Competence networks  and difficulties concerning F4
Two main difficulties emerge. The first difficulty is with the managing of the industrial process. Here the questions are related to the sequencing issue, the codification of the industrial procedures, and the quality demand. Managing these processes requires specific competences, however financial constraints make it difficult to hire. The second problem is related to the team management. Generally, competences are required in the F4 function to hire an engineer or a technician. Relationships between team members become more codified and  management practices change. However, the team size (7 to 15 people) and the age bracket (28 to 35 years old) allow them to solve the problem by mutual adjustments (Mintzberg, 1982).

Competence networks and difficulties concerning F5
Researchers’ strategies are differentiated according to the competences developed in their careers and their address books. However, the later isn’t necessarily the determining factor, in fact it depends on its characteristics. Having negotiated, in a previous career, with customers helps to build new specific networks and to transact with important customers.

Another recurrent problem with the function F5 is the relationship with sales and marketing people. Finding experienced sales and marketing people with good technical and product knowledge rapidly appear to be crucial. However managing this personnel is always mentioned as a difficult point. What is at stake is the confrontation between the CEO’ legitimacy and that of the sales and marketing people. 

2.2  Critical difficulties of private “start up companies” 

In order to simplify and make the analysis lighter, we only note the differences of the private “start-up companies” compared with the academic’s. The analysis is always based on the functional model  (2.2.1). In a second time the technical innovation is analyzed with other contextual variables (2.2.2).

2.2.1 Main differences of the private “start-up compagnies” compared with the academic’s

Dynamic between the R&D team and the research team involved in creating a firm

Generally three or four researchers of the same research team are involved in creating a start-up.  When two or three of the researchers leave the initial R&D team, the team dynamic may be lost (loss of know-how). However the real difficulties are limited because of rules known by everybody in the private firm. 

The following points sum these ideas.

- first, the spin-off process is explicitly known and stimulated in the firm. These principles are written on a specific charter

- then, the agreement for the creation of a start up requires that the project isn’t in competition with the private firm’s core competences. In this matter the rule is “researcher proposes but the decision-making committee ... decides”.  In practice, the defense of the firm’s strategic position is always a priority.

- finally, when there is a creation of a start up, the firm can have an interest in this  new start up.

Regarding the positioning of the creator in the firm structure, the rule is to let him / her in his/ her position. One reason for this is that the informal relationships inside the team help the progression of his / her project. Another thing is that this practice underlines the importance of the spin-off process for the firm. Researchers can see that they have different types of careers, inside and outside of the firm.  

This set of rules preserves, on a practical and symbolical register, the community felling and the importance of the cooperation within the R&D teams. The creation of a start-up is perceived as given a possibility for a career outside the firm, but also, at the same time, as a way of  getting involved in a widened community prosperity. Indeed, different control  and interest procedures maintain, if necessary, the control of the start up by the firm. 

As indicated before we only note the differences between private and academic “start-up companies”. 

Other specific difficulties based on the functional approach 

Successively, the points relating to prototype, markets, and the transition from markets to industrial solutions are analyzed.  

- achievement of a prototype :

Private researchers solicit the spin-off service only when they are able to realize a prototype. This informal rule is central, because it does away with one of the central issues emphasized in the  academic cases.  However it’s important to link this characteristic with the specific R&D organization (se above).

- identifying a potential market :

The private firm has a very good understanding of its markets. Therefore, the diagnosis of the appropriateness between the technical innovation of the start-up and the markets is facilitated. Furthermore the required competences to make this diagnosic are inside the firm. 

- implementing an industrial solution : 

For each project, different business models are evaluated, notably with different outsourcing hypotheses. In the academic cases, the outsourcing question is completely eluded. Furthermore, in the private firm, the maximum of things are managed inside the organization  The major difficulty in this industrial phase is essentially a financial difficulty. This problem is partially managed from inside the organization with a specific budget drive by the innovation direction, and by creating a risk capital company.

2.2.2  Difficulties linked with other contextual variables 

If we want to understand why there are such differences when comparing public and private start up companies, we have to take into account some other contextual variables. Some of these variables are specific to the spin-off  process (2.2.2.1), whereas others concern the firm’s organizational choices and human resources management of the research teams (2.2.2.2) 

2.2.2.1 Other variables specific to the spin-off process

Two points have to be mentioned, team building process and start-up financing.

Driving the team building process.

This issue mentioned is one of the most crucial, and a set of procedures, more or less classical, has been established. 

- regarding the team leader’s profile, the problem is knowing what his / he real motivations are, how he / she takes into account the technological, financial and market risks.

- monitoring of start-up problems by the support structure and recommendations.  The spin-off departement is the unique entrance for mobilizing competence networks, which are mainly inside the firm. Remembering that in public research cases, competence networks are polycentric, which very often gives rise to numerous coordination problems.

-  a specific management of the team building process based on a non-normative position. Team of sharing experiences are encouraged either between new entrepreneurships who can compare their difficulties or with enterprise clubs. Meetings where teams can share their experiences are encouraged. The main goal is for the team to share their experiences, while the creator steps back from the day to day issues.

Helping the start-up financing

In the initial stage financing can be partially provided by the innovation direction and afterwards by the capital risk company created by the firm. However the capital risk company participation depends on the precise identification, by the creator, of the start-up customers : without precise potential purchasers, the project will not be financed. Furthermore, the firm may be in the start-up’s capital, and taking part in its increase in capital.

2.2.2.2 Other significant variables relating to the organizational context 

Organizational choices

 The R&D service is conducted according to three temporal perspectives :  in the short term (from 3 to 6 months) by Business Units, in the medium term (1 year) by the innovation direction, and in the long-term (from 2 to 3 years) by the scientific direction. For this last one, research on the technological “locks” are partially carried out by outsourcing with public and other private research centers. This strategy ensures a better temporal driving for the R&D service.

Temporal management of each R&D project

The temporal organization of R&D projects is a central issue. We have a temporal driving for each project, with intermediate steps validated by experts. Evaluation criteria  depend on the type of project : exploratory or precompetitive projects. Temporal “skids” are systematically analyzed, with a possible redirecting of the project at each appraisal. 

Interface mechanisms between R&D and market preoccupations.   

Several means try to provide a better interconnections between markets and R&D preoccupations in the private firm : 

- the presence of business engineers in the R&D service. They canvass R&D innovations and then sell them to business units.

- the career mobility of the R&D personnel. The majority of them will be transferred, after 3 – 4 years, to operational centers of the business units. Some of them, several years later can come back to R&D as laboratory directors. The market is always present in their practices and reflections. 

Career management appears to be one of the most important variables in order to acquire the R&D reasoning process and a specific sensibility to market requirements. All these procedures are absent in public research

III Discussion of the main results 

This part proposes to deal a brief discussion of the results. We begin with a discussion based on the functional approach of the innovation and competence networks (3.1), then the analysis is expanded  with the rôle of organizational choices and management practices (3.2).

3.1 Discussion based on functional approach of the technological innovation and competence networks.

Are the academic and private start-up difficulties the same ?  

One of the difficulties is the same :  the start-up team building. Despite the specific actions of the private firm, this point stays one of the most delicate and critical. This is also the case for academic research.

However, there are many more difficulties for public start-up than for private. For public the mobilizing of the competence networks for each function is a difficult challenge. Interviews indicate the importance of several important weak points :  the interactions inside the start-up team, the interactions between the project team and the initial research team, especially regarding the legitimacy issue,  the temporal driving of the project and the project financing. These points can be connected with cognitive (3.1.1), psychological (3.1.2) and organizational characteristics (3.1.3). 

3.1.1 For the cognitive / rational topic 

We observe that the function F2.2 is better managed if the researcher has had the opportunity to drive this process in his / her previous career. The main advantages are 

- a better anticipation of the gap from F1 to F2 

- better connections between potential markets (F3) and choice of an industrial solutions (F4).

- a better arbitration on outsourcing opportunities with a precise definition of terms and conditions with the confidentiality agreement. In practice, the academic seldom have to manage the outsourcing. 

The notion of the products’ life cycle stands out as a result of the diversity of the applications linked with the innovation. The possibility to manage a portfolio of activities appears.

3.1.2 For the comprehensive / identity topic 

Academics want to systematically analyse all the aspects of the project, even secondary problems. The project doesn’t run on schedule. The limited factor isn’t financial but psycho-cognitive which  has important repercussions for the future  sequences of the project. Furthermore, some academics have a real difficulty working on the function F3 when the F1 and F2 functions still have many uncertainties. Fundamentally, the issue is the researcher’s behavior  in front of the uncertainty. For some of them it’s not possible to be credible with industrials, sale and marketing people or financials as long as the scientific dimensions of the project aren’t completely validated. However when you have this posture, you analyze the technological innovation sequentially, and you meet of lot of difficulties, or even failures,  because interactions between functions are numerous. We have to remember that the identification of  markets, and also specific customers’ needs, necessarily drive the validation of prototypes. Sometimes we have to work again on the initial theoretical model of the project.

3.2 Taking into account variables of the organizational contexts 

It may be interesting to connect cognitive and psychological characteristics with organizational choices and human resources management policies, and among them career management, appraisal and training. The following diagram illustrates some of the potential relations with HRM. 
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Figure 4 : HRM and cognitive / psychological characteristics

Futures studies would have to confirm the relevance of theses relationships connecting cognitive and comprehensive topics. 

Conclusion

The initial goal of this study  was to investigate the critical difficulties between academic and private start up companies by mobilizing a functional approach of the technological innovation and competence networks. 

We can conclude that in the cases studied we  have different difficulties between academic and private “star-up companies”.  Work division, and resercher’s core competences are different between private and public research teams. Score researchers’ competences, in private research centres are more important mainly because they study the step of validation of concept by prototype but also the technical feasibility of the project and the characteristics of industrial solutions. For a more comprehensive approach, differences between public and private innovators seem organized into two main inter-connected points : relationships with time and with uncertainty. All public researcher’s projects have an important uncontrolled temporal drifting with no real corrections. Furthermore, very often they have to demonstrate, without ambiguity, their results and they can only foresee propositions for other steps.

Limits of the present study are those of an exploratory research : we have worked on a limited number of case studies and consequently  our results can’t be extrapolated. However the interview of the private spin off process manager, and of the academics SAIC manager, who have both driven numerous spin off experiences, allow us to control collection of data from the start-up creators. Furthermore, we have also studied academic start up experiences in the bio technological field (3 cases studies) and our conclusions are convergent.  Another limitation is that  this is mainly an empirical / pragmatic  study. So, we have to compare our results with previous case series (Verstraete, 2003). The same can be said for our conceptual framework. Functional approach and competence networks are more a methodological instructions than a structured conceptual framework. 

In summary we have to reevaluate our initial analysis framework (see above introduction) : the cognitive and comprehensive approach may be connected with the organizational choices and the human resources human management of universities and private firms. So it seems important to widen our initial conceptual framework. We have to simultaneously connect the functional approach with competence networks by  short term actions of  the support structures (business model with different outsourcing hypothesis, technical assistance and team management in a non normative position, financing policy ...) and, by long term actions with human resources  practices such as career development, appraisal procedures, training project management ... The preoccupation is to relate difficulties in involvement of competence networks with contextual variables. The following chart sums up this preoccupation : 
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Figure 5
Because it allows to identify the most relevant factors in the spin-off failure, comparison public / private structure should be pursed.
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