Entrepreneurship and Marketplace Formation in German Biotechnology

Steven Casper*

Simcha Jong Kon Chin**

Fiona Murray***

April 2004 Draft

* Assistant Professor in Management and Commercialization of Biomedical Science, Keck Graduate Institute, 535 Watson Drive, Claremont, CA 91711, Steven_Casper@kgi.edu

** PhD candidate in Social and Political Sciences, European University Institute, San Domenico di Fiesole (FI), I-50016, Italy, simcha.jong@iue.it

*** Michael M. Koerner '49 Career Development Professor in Management of Technological Innovation & Entrepreneurship (MTIE), MIT Sloan School of Management, Cambridge, MA 02142, fmurray@mit.edu

1.
Introduction 

Over the past two decades, a vast literature has emerged that has attempted to link the institutional organization of capitalist economies to the types of innovative economic activities which take place in these economies (Nelson 1991, Kogut, 1993, Mowery and Nelson, 1999, Hall and Soskice, 2001). Analyses within this literature have greatly enhanced our understanding of how various institutional settings governing labor, financial and product markets affect the innovative behavior of various economic actors. Based on these analyses, moreover, scholars have developed national institutional frameworks that attempt to account for how national institutional systems vary in their ability to support specific types of industries.

 
A key criticism of the comparative institutional literature is that although this literature has developed well articulated institutional accounts of why industries tend to cluster together within specific countries or regions, this institutional literature tends to present a static and deterministic account of the type of innovative activities economic actors are able to support within different economies. In reality, policy makers and other economic actors tend to be optimistic about turning around underperforming industries, trying to defy the institutional typologies that are used to describe their economies and attempting to alter the institutional dynamics that are responsible for the failure of these industries.

German technology policies during the mid-1990s aimed to create an internationally competitive German biotechnology industry almost from scratch constitute an interesting case study to examine how institutions adapt to efforts to overcome the comparative weaknesses of an economy in a specific industry. German biotechnology policies were mainly aimed at emulating the American financing and technology transfer environment, which has widely been cited as key to supporting the emergence of the American biotechnology industry during the late 1970s and early 1980s (Henderson et al, 1999 and Powell, 1998). At first sight, German public investments in creating a support infrastructure in which a German biotechnology industry could emerge seem to have, at least in the short run, paid off. From being a practically nonexistent industry in the early 1990s, the number of biotech firms in Germany grew to 380 in 2002, thereby making Germany the country with most biotechnology firms in Europe (Ernst and Young, 2003). 

However, although malleable sector specific institutional settings in the fields of technology transfer and firm financing were adjusted and modeled on American institutions, a number of other institutions affecting firms’ ability to develop innovative capabilities such as the institutions governing various key labor markets remained unchanged. The main aim of this paper is to examine the extent to which German biotechnology entrepreneurs have been reflexive about the constraints of their environment and have found creative ways to adapt themselves. 

The institutional literature on the German economy suggests that the organization of German labor markets provides firms that follow long-term incrementally innovative strategies in technologically stable markets a comparative advantage (Streeck, 1992, Hall and Soskice, 2001). German rigid labor markets are supposed to make it difficult for firms to acquire key capabilities through external labor markets and would make it relatively costly for firms to pursue radically innovative strategies that require these firms to adjust their knowledge trajectories frequently. On the other hand rigid labor markets are supposed to create an incentive for firms to develop internal labor markets, in which firm invest in firm specific skills of employees, which enable these firms to develop a comparative advantage in technologically stable markets. 

Consequently, following the comparative institutional literature we would expect Germany’s new biotechnology firms to have focused on technologically stable sub-sectors in the biotechnology industry such as the biomedical devise and biotechnology platform technology markets, in which these firms could rely on their comparative institutional advantages and follow incrementally innovative strategies to be internationally competitive (Casper, 2000).

Surprisingly, and contrary to expectations, this paper finds that German biotechnology firms have predominantly followed their American counterparts in following science intensive strategies aimed at the development of new therapeutic innovations. In fact, seventy five percent of the German biotechnology firms in our study have R&D strategies aimed at the development of new therapeutic products. Developing new therapeutic innovations requires firms to follow highly uncertain and risky knowledge trajectories that make it difficult for firms to predict and develop internally future skill and knowledge needs. In addition, clinical pipeline data shows that German biotechnology firms have been comparatively unsuccessful in implementing their therapeutic product strategies. The forty five German biotechnology firms in our sample only managed to move nine therapeutic products into clinical trials. Thus, there seems to be little evidence that German biotechnology entrepreneurs have selected technological strategies to maximize their comparative institutional advantages. 

This paper attempts to analyze the diverging development of German and American biotechnology firms by contrasting the organization of markets for key capabilities in Germany and the United States on which biotechnology firms rely for the development of therapeutic innovations. Two key findings stand out from the results of our comparison. 

First, German biotechnology entrepreneurs as compared to their American counterparts have developed weak commercial downstream product development capabilities which are required to turn founding ideas into therapeutic innovations and to move these new therapeutic innovations beyond the basic research phase. Whereas American biotechnology firms are able to attract scientists with experience in developing new therapeutic innovations within pharmaceutical or biotechnology firms, German biotechnology firms tend to predominantly recruit scientists with an academic background that do not have this experience. 

Second, German biotechnology firms as compared to their American counterparts rely on much more limited networks of recruitment for the development of key scientific capabilities and are more closely tied to their founding laboratories in academia. Whereas American biotechnology firms are able to rely on extensive networks of recruitment in acquiring key scientific expertise required for the further development of knowledge trajectories within the firms, German biotechnology firms are to a larger extent limited in their ability to acquire scientific expertise that is available within the laboratory from which the biotechnology firm was spun-off. 

Thus, by analyzing the emergence of German biotechnology firms since the mid-1990s, this paper is able to shed light on the ability of policy makers to defy the typologies that are imposed on their economies through sector-specific policies and on how entrepreneurs in new industries adapt themselves to the constraints of their institutional environment.

2.
Literature review

The neo-institutional literature that emerged in the early-1980s has significantly enhanced our understanding of how institutions matter in shaping the behavior of actors in modern capitalist economies. And although over the years, scholars within this literature have made tremendous progress in refining the micro-foundations for their theoretical framework, the neo-institutional framework remains poor in helping us better understand how actors adapt their behavior and deal with new opportunities and challenges. The ambition of this paper is to expose some of the mechanisms that drive processes of institutional adaptation. In particular, this paper is interested in examining to what extent actors are in fact reflexive about their institutional constraints and in reconciling the apparent contradiction between actors’ general optimism and attempts to overcome institutional barriers in the pursuit of new opportunities and the deterministic tendencies of the neo-institutional literature.

Comparative capitalism research

Early comparative institutional analysis aimed mostly at explaining large, macro-economic performance differences across economies (see Goldthorpe, 1984).  Much of this literature draws from neo-institutional insights from sociology (Powell and Dimagio, 1983), arguing that organizational structure is isomorphic to external institutional environments.  Applied to firm-level analysis these studies tend to “read off” the characteristics of companies from institutional structures.  The purpose of many early studies (see overview in Hollingsworth and Boyer, 1997) was to contrast important differences in industrial relations arrangements, financing systems, and patterns of industrial policy cross-nationally which are seen to lead to different patterns of industrial organization.  

While useful in highlighting the existence of different models of capitalism, these early studies were not interested in clearly specifying mechanisms linking specific institutions to the tradeoffs and actions of firms and other actors in the economy. Moreover, the idea of isomorphism leaves little leverage to explore how firms strategize within institutional environments and does not help understand to what extent institutional environments are constraining or facilitating in shaping the introduction of new strategies and organizational structures.

A second wave of institutional theories, broadly labeled varieties of capitalism theory, has been more concerned with exploring the give and take between institutions and the activities of firms. These theories do a much better job at developing micro-foundations that expose the links between institutions and the actions of firms.  Early studies using this approach include Zysman’s (1975) study of industrial policy towards the French computer industry - linking authoritarian workplace organization, reinforced by a national champion oriented industrial policy, to the inability of French computer firms to adopt the more decentralized industrial organization, which is needed to innovate successfully in the industry.  More recent varieties of capitalism research has built on Streeck’s (1992) argument that “beneficial constraints” on the ability of German employers to employ hire and fire strategies encourages German firms to embrace employee stakeholder systems of employee representation and support the industrial apprenticeship system, both supporting a broad corporate strategy of “diversified quality production” or long-term incremental innovation in “medium tech” industries such as machine tools or high-end automobiles. These and other studies have been systematized into a theoretical framework by Hall and Soskice (2001).  

These studies often explicitly use ideas from the economics of organization literature (Milgrom and Roberts 1992; Aoki 2001) to ground their approach. Moreover, a key assumption, which often underlies these studies, is that firms are reflexive about and “efficiently” manage different complexes of company organizational dilemmas and design their different innovation strategies – i.e. “radical” versus “incremental” – accordingly. Radical innovation strategies are associated with the creation of “high powered” incentives across investors, owners, and skilled labor within a firm: instruments needed to govern such firms include unilateral patterns of decision-making across top-managers, the existence of strong, individualized performance systems for key employees, such as stock-options, and the ability of top management to hire and fire, both as a performance system and to quickly move into and out of new market opportunities.  Primarily market based institutions, such as deregulated labor markets, weak industrial relations systems, shareholder based corporate governance, and capital market based financial systems best facilitate the orchestration of these types of commitments.  Indeed, Hall and Soskice argue that “institutional complementarities” exist across national institutions structuring labor markets, finance, and corporate governance in “liberal market economies” such as the economies of the United States or the United Kingdom.  In these countries interdependent institutional frameworks provide a “comparative institutional advantage” in “radically innovative” industries, including new economy industries such as biotech, software, and information technology.  Germany and other “coordinated market economies” have quite different institutional arrangements in each of these areas, rewarding “incremental innovation” in established technologies, more or less as outlined by Streeck.

We are particularly interested in the success of varieties of capitalism research in identifying mechanisms linking institutions to patterns of industrial innovation, and in particular to the organization of new-technology industries such as software or biotechnology. Due to the enormous influence of the “Silicon Valley Model” on both policy and research, this area has become well explored.  Studies have plausibly linked the existence of large, vibrant capital markets (such as the US NADDAQ exchange) to the existence of viable “exit options” for venture capitalists facilitating portfolio investment strategies (Kenney, 2000, Kogut, 2003).  It then follows that the United States and the United Kingdom, with appropriate financial systems for venture capital, will better be able to support new technology firms than countries with “credit based” financial systems, such as Germany and Japan. Other studies have compared university-industry institutions, noting that the United States, through the Bayh-Dole Act and associated regulations, has facilitated the commercialization of science into spin-off companies.  Many other countries, including Germany and Japan once more, have until recently had inappropriate technology transfer systems, and also have placed constraints on the ability of professors to work with firms (Kneller 2000,  Mowery and Nelson, 1999 and Gittelmann, 2000 on France). While this overview is highly simplified, institutional research on finance and technology transfer systems towards high-technology has had an enormous impact on public policy.  As discussed below, the German government has attempted to revamp both systems to encourage more entrepreneurial technology companies.

Such strategizing is central to our study – entrepreneurs and other actors across Europe have over the last decade tried to develop patterns of company organization and financing associated with Silicon Valley and other American technology clusters, but within starkly different systems of finance, industrial relations, and industry-university relations.  While, as discussed below, there have been important policy attempts to supplant “old” institutions with new ones seen as necessary to support new technology firms, it seems plausible to assume that pre-existing institutions bear some causal impact on the strategies and organizational structures firms may develop.  Firms will attempt to strategize within institutional environments, using institutions more as “tool kits” to support particular practices.  

Technology clusters: the labor market mobility hypothesis

A large research stream has linked commercial innovative patterns to the organization of surrounding regional technology clusters.  Studies of Silicon Valley dominate the literature on high-technology clusters (see Kenney, 2000), but they draw on a long tradition of broader research on industrial districts in Northern Italy (Locke, 1995), Southern Germany (Herrigel, 1993), and elsewhere.  Of particular importance to our research is a recent group of studies that provided one of the clearest, and best empirically documented, theories linking the innovative performance of locally clustered companies to the external labor market environment.  The core idea behind these studies, first presented in Saxenian’s (1994) account of the success of Silicon Valley’s semiconductor industry, is that firms embedded in flexible labor markets can more easily sustain innovation strategies with high failure risks than firms embedded in less flexible labor markets.  This theory is persuasive as it reconciles the interests of talented employees with those of firms.  Skilled employees will rationally only join a high risk firm if the career risk of failure is low and the reward for success is high.  Flexible labor markets, structured through dense inter-firm networks of ties across skilled personnel, serve both needs, as employees of failed firms can tap local labor networks to find new jobs, or if successful use the availability of job offers elsewhere to develop upward wage pressure on existing employers.  Flexible labor markets also help local technology companies, as they can thus more easily hire and if necessary fire – lowering the transaction costs of developing assets needed to innovate.  

In addition to developing a clear theoretical mechanism linking labor market environments to innovation, this approach helps explain why varieties of innovative performance exist within particular countries.  Saxenian argued through extensive qualitative research that inter-firm mobility helps account for the higher innovative intensity of Silicon Valley’s semiconductor firms compared to a rival region, the Route 128 area of Boston.  Almeida and Kogut (1999) added credence to the explanation through showing through a cross-sectional analysis of inter-firm mobility with patent data that of twelve regions with high concentrations of semiconductor firms, only Silicon Valley had high inter-firm mobility and correspondingly higher rates of innovation.   

Varieties of capitalism research predicts that “radically innovative” firms should be able to develop anywhere within a liberal market economy such as the US or UK.  The literature on regional labor market dynamics helps explain why this is not the case. 

Nonetheless, neo-institutional explanations can help explain the origins of labor market flexibility – both regionally and, in some cases, nationally.   For example, contrary to the laws of most other American states, California law does not allow “non-compete” covenants within labor market contracts – helping to drive the creation of flexible labor markets in Silicon Valley but not elsewhere (Gilson, 1999).  More broadly, much cross-national research has argued that labor market mobility is much lower within “organized” economies such as Germany, Japan, and France due to long-term employment norms within large firms, buttressed by employment laws, social policies, and industrial relations systems that create incentives against hire and fire.  A recent comparative study of France and the United States by Gittelman and Kogut (2003), for example, found evidence through patent data that few French scientists have left either senior academic jobs or positions in the pharmaceutical industry.  This finding is consistent with research on career tracks for scientists and engineers in Germany (Sorge and Streeck, 1988). Career tracks for scientists and engineers within German industry tend to be long-term and privileged, leading to top management positions.  The willingness of experienced scientists to leave established jobs to work in start-up companies should therefore be low.  

In an important respect, the research on inter-firm mobility within technology clusters shares an important problem with the neo-institutional literature or rather a gap in knowledge that needs to be explored, namely what are the mechanisms leading to high inter-firm mobility in some areas but not others? It is quite clear that institutions can present a brake to the development of labor mobility. However, we will present extensive evidence that large numbers of firms with radically innovative intentions exist within key German technology clusters. Thus, our findings show that the presence of institutions, which significantly hinder inter-firm mobility, does in fact not seem to preclude the emergence of clusters of high tech firms following radical innovation strategies.  The key question then becomes which mechanisms – institutional or otherwise - have apparently led these entrepreneurial German start-up firms to access highly skilled scientific personnel?

Summary

Persuasive theoretical and empirical research has linked institutions to the strategy and characteristics of innovative firms across both national and regional contexts.  In particular, varieties of capitalism research and the regional labor market mobility literature share a common goal in better exposing the causal mechanisms linking the innovative characteristics of firms to their external institutional environments.  Our theoretical goal is to expose these approaches to an important case in which institutional adaptation appears to have occurred that runs contrary to theoretical expectations of both approaches.  We are not proposing to develop a “theory of institutional change” as this runs contrary to the largely comparative static and path dependent nature of institutional theorizing.  However, we are interested in better exposing two key issues that seem central to better understanding patterns of institutional adapativeness:

Institutional reflexivity 
One of our key findings reported below is that most German biotechnology firms have adapted what can only be considered as “radically innovative” strategies.  The technology strategies and scientific methods employed by these firms are very similar to those commonly seen in the US industry, and the majority of the German firms are attempting to develop therapeutic candidates – commonly asserted to be the most risky segment of the biotechnology industry.  If this is the case, an important topic for exploration is why these firms are not more “institutionally reflexive”.  Assumed, perhaps implicitly, in varieties of capitalism research, is the notion that firms are cognizant of norms and incentives generated by the institutional system they are embedded within, and develop strategies and capabilities accordingly.  However, our research suggests that this has not been the case.  We hope to uncover why.

What institutions matter in driving change?  
Through stressing the importance of “institutional complementarities”, varieties of capitalism research advocates a “cover all” argument – actors need to respond to national institutional frameworks to develop strategies and corresponding organizational structures that can be efficiently governed.  However, while private actors and policy-makers do appear responsive to the general argument that institutions impact the ability of firms to innovate, they do not recognize the institutional complementarities argument - designing sector-specific industrial policies to better support particular industries. Thus, there seems to be a tension, which needs to be resolved between the theoretical neo-institutional assumption fixed set of complementary institutions determines firm behavior across industries in a country and the tendency in reality of policy makers to frame policies in a sector-specific fashion. For example, and as discussed below, German policy-makers have showed little hesitation in designing new financial institutions and technology transfer systems to better support new industries such as biotechnology and software.  Is this enough to successfully reconfigure patterns of institutional advantage?  These policies are also convenient to policy-makers as they do not impinge on other sectors of the economy – such as the machine tool and industrial engineering sectors – which appear well suited to the “normal” German institutions.  For example, no changes to institutions impacting labor markets, such as the industrial relations system, have been made.  This leaves open the question of which institutions matter in driving forth economic activity.  Drawing on insights from labor-mobility research, we will carefully explore labor markets surrounding German biotechnology firms, showing that through accessing academic labor markets, sources of labor market flexibility exist that are unanticipated by institutional theory, but that in the longer-term “normal” labor market institutions have strongly impacted the performance of German firms. 

In sum, neo-institutional theory provides strong expectations as to patterns of behavior of economic actors across industrial societies. However, the processes through which actors adapt their behavior in the face of new opportunities and challenges are far less clear. Reality shows that actors do not seem to be passive when confronted with barriers and try to be creative in overcoming these barriers. This paper analyzes how reflexive actors are about the constraints in their institutional environment and to what extent their successes in doing so are determined and can be read-off from the organization of pre-existing institutions. 

3.
Research design

In general, there is a strong theoretical and empirical case stemming from “varieties of capitalism” research that “coordinated” market economies such as Germany should fare poorly in new economy industries where “radical innovation” appears to be the norm.  The labor market mobility hypothesis supports this framework through providing strong evidence that flexible labor markets must exist for technology start-ups to innovate.

Developments in Germany since the mid 1990s pose difficulties for both streams of research – the country appears to have successfully developed a vibrant new technology sector, spearheaded by a large group of firms in the biotechnology and software industries. We will explore the German biotechnology case in detail – exploring patterns of technology specialization and scientific personnel within 45 firms across the four largest German biotech clusters (most of which are university spin-outs).  To provide a comparative benchmark, we will compare the German data with similar evidence of the activities of biotech firms spun-out from the Massachusetts Institute of Technology in Boston – widely acknowledged to be among the leading biotech clusters in the world.  

From a research design perspective, there are excellent reasons to suggest that the German biotechnology case could yield findings of general interest to comparative institutional research on innovation.

Why Germany?  The German biotech case is an excellent laboratory to explore patterns of institutional adaptiveness for several reasons:

a) Germany is the paradigmatic “coordinated market economy” case for varieties of capitalism research in the area of innovation.  Previous studies have systematically explored the institutional mechanisms linking the German economy to success in fostering the “diversified quality production” or “incremental innovation” strategy, but hindering “radical innovation” in industries such as biotechnology.  In addition to the labor market argument, well specified mechanisms exist helping to explain why the German economy cannot excel in industries like biotechnology.  These include arguments about the inappropriateness of the finance system and technology transfer system, both of which will be discussed below.  Thus, from a research design viewpoint, there is a relatively clear consensus on the key elements of the “German model”.

b) Actors in Germany, both private and public, have dedicated enormous resources towards the creation of “new economy” industries such as biotechnology and software (see Lehrer, 2000).  These include reforms to the financial systems, large incentives to foster venture capital, and comprehensive policies to revamp the country’s technology transfer complex surrounding universities to better promote spin-off companies.  Seen in aggregate, hundreds of technology start-ups were founded in Germany in the software, IT, and biotech industries in the late 1990s.  The severe slump in the US stock-market following the downturn in the Internet sector created a severe shake-out in the German economy and the closure of the country’s Nasdaq-inspired stock exchange, the Neuer Markt.  Nevertheless, German policy-makers and entrepreneurs continue to support new firm formation in these industries, and dozens of “new technology” firms continue to compete in Germany as of early 2004 (Sheridan, 2003 and Ernst and Young, 2004).  The mere existence of these firms poses an important challenge to comparative institutional theory. While many of these firms may indeed fail, at a minimum their existence supports the contention that the “institutional reflexivity” of these firms is low.

c) The German case presents a good laboratory to identify particular institutional effects – particularly surrounding the issue of how German new technology firms acquire skilled personnel.  German technology policies have plausibly created a substitute “sectoral support system” (Mowery and Nelson 1999) to generate a system of venture capital financing and technology transfer for German new technology firms.   Detailed descriptions of policies in both areas are included as an appendix.  To briefly summarize, by one estimate, German policy-makers at the federal and state levels have invested about 3 billion Euro in subsidized applied biotechnology research, the construction and funding of new university technology transfer offices, the building of technology parks and new firm incubators, and above all the provision of matching funds, called “public venture capital” to all new firms able to secure private equity investments during their start-up phase (see generally Casper 2000; Adelberger, 1999 for public venture capital, Asakawa and Lehrer for universities, forthcoming).  It is credible to suggest that German public policy has successfully “supplanted” normal institutional effects in the area of university-industry relations and finance – creating conditions for university professors to easily commercialize research, and for entrepreneurs starting these companies to easily obtain venture capital funding.  

These policies may be seen as controls on finance and technology transfer effects.  Not controlled for is the organization of German labor markets; there have been no attempts to deregulate or otherwise change German labor laws, nor is there evidence that large German companies have changed “normal” patterns of long-term employment (Casper and Matraves, 2003).  Thus, the German case is well-designed to investigate the issue of whether adequate labor markets exist to meet the human resource competencies of a large, developing biotechnology sector.  It might be that the labor market effect identified in the technology cluster studies is epiphenomenal – an effect correlated with other drivers of high-technology activities.  Or it might be that previously unidentified institutional drivers of labor market development exist.  Through controlling for institutional effects in finance and tech transfer, it is plausible that our research design will allow us to find this out.  Table 1 summarizes this argument.

Table 1

	
	
	
	

	
	Institutional effect posited in the literature
	Policies (Germany)
	Outcomes

	Financial institutions
	Capital based financial systems needed to foster IPO system and portfolio management systems needed to spread risk and fund large numbers of high-risk start-ups
	Public VC subsidies designed to spur private VC formation; introduction of Neuer Markt; financial reforms to spur the use of stock-options
	VC subsidies and NM have fostered the funding of several hundred companies; before the crash about 300 had IPOs; support system for high-risk VC seems to have been created

	Industry-university relations and tech transfer
	Star-scientist hypothesis; importance of university-industry regulations and capabilities in fostering spin-out companies
	On national level intellectual property reform modeled on American Bayh-Dole Act; On regional level various initiatives (i.e. BioRegio program) that provide free consulting, incubation, patenting, networking.
	An extremely vibrant tech transfer system now exists – in the biotech area dozens of companies have been spun-out of university labs

	Labor markets
	Mobility hypothesis – flexible labor markets needed


	None – but a core attribute of the German model is the existence of long-term employment and institutional restraints on “hire and fire”
	Unknown – core area of research for this paper




Why biotechnology?  Biotechnology has long been identified as a “radically innovative” industry due to the importance of university science in the success of companies (Zucker, Darby and Brewer, 1998) and the high failure rate of most technologies (see Ernst and Young, 2003).  Thus, the existence of a large group of biotechnology companies in Germany is a significant case with which to investigate institutional adaptiveness.  However, other “new technology” industries, such as software, also exist in Germany and are equally attractive candidates for study.  We have chosen the biotechnology case primarily for methodological reasons.  Using bibliometric techniques, we have developed a methodology to gather career histories on a significant number of scientists working within German biotechnology industries.  We will examine what type of previous employment these scientists had before joining their current firm (academic, with large companies, with other biotech companies) and whether pre-existing ties link scientists to their existing firm (for example, did they previous work with a member of the company).  

4.  Methodology

In order to examine the innovative strategies and performance of German and American biotechnology firms, a sample of 45 biotechnology firms has been constructed, which are located in one of Germany’s four largest biotechnology clusters, the Berlin, Cologne, Heidelberg and Munich clusters and in the Boston cluster, which is the second largest biotechnology cluster of the United States. The German sector became to develop after the introduction of the public venture capital and technology transfer programs in 1995; all firms in our sample were founded after 1995 and most are less than 5 years old (avg.)  We used German biotechnology guides to select firms.  Our selection methodology was biased towards the selection of scientifically intensive firms and, as explained below, to help select firms that would yield data on scientific employees.  We selected firms that had at least one scientific publication (located through the ISI Web of Science bibliometric database) listing a scientist working within the firm as a co-author.  Our data on Boston firms only includes spin-outs from MIT.  

Using information obtained from the MIT technology licensing office, e included all firms less than 5 years old for which we could locate at least one scientific publication.  We gathered summary information for each firm (age, number of employees) and indicators of scientific intensity (number of publications, whether the firm is attempting to develop therapeutic drug candidates, and if so the status of these candidates in clinical trials pipelines).

A core goal of our study was to obtain information on scientists working for each firm.  To do so we used bibliometric methods to obtain data on all publishing scientists working for each firm.  To do this we used the ISI Web of Science to gather a complete list of publications for all companies. From these publications we identified all scientists listing the firm as their affiliation.  For Germany we identified 299 scientists using this methodology; 75 Scientists were identified for Boston-area companies.  For each scientist, we then used the Web of Science to locate all prior publications.  Doing so allowed us to examine the career history of each publishing scientist working within the company.  We developed information on affiliation of the most recent job (industry or academia) and a number of broad experience or performance indicators: number of previous jobs, number of previous scientific publications, total years experience (years since first publication), and the total and average number of “forward citations” or references by other authors to each scientist’s publications.

In addition to this basic career history, we are interested in gathering information on ties linking scientists to their firm.  For example, virtually all biotechnology companies emerging from academic research labs include one or more scientists that previously worked in the founder lab.  We gathered information on such employment, which we labeled a “strong tie.”  We also gathered data on a number of “weak ties” (loosely in Granovetter’s (1973) sense).  Weak ties were identified through previous publications with a founder of the firm, a scientific advisory board (SAB) member, or an employee of the firm.  Publication histories were used to generate this data.  We also examined previous employment ties – weak ties were counted when a scientist previously worked with a co-worker within the firm.  Previous employment ties were located through previous co-publications listing the same affiliation or through noting previous employment at the same institution through career histories (in which time periods overlapped).  “No tie” was listed for all employees for whom no strong or weak ties could be found.  

There are some biases to this approach.  One problem is that we will miss all previous job affiliations in which a scientist did not publish an article.  To minimize this problem, we checked company web-sites. For many senior scientists career histories were provided on company web-sites.  However, it is likely that we missed some affiliations, particularly for junior scientists.  As scientists almost always publish at least one article when working in academia, it is unlikely that we will miss any academic former jobs.  However, it is possible that some industry jobs will be missed, leading to a result that more scientists have moved into a given job directly from academia than is the case.   However, there is no reason to believe that this bias will be correlated with German firms more than American firms (or vice versa);  Missing jobs would also cause us to miss some “weak” co-employment ties, but again the bias should be constant across all firms.

5.
Results


We present three general types of results: data on the scientific intensity of Boston versus German firms, data on the scientific personnel working within all firms, and comparative performance data on the firms in both countries.

Scientific intensity data


Our results show that German policies and institutional reform resulted in a rapid growth around leading biotechnology research institutions of biotechnology spin-off firms.  Moreover, these German biotechnology spin-off firms have developed scientific capabilities that appear to be very similar to the scientific capabilities of biotechnology spin-off firms in the Boston area. Scientists working for German biotechnology spin-off firms seem to publish as much and their publications are cited as much as their counterparts working for Boston-based biotechnology firms. Moreover, scientists working for German biotechnology firms seem to have the same level of experience as scientists working Boston biotechnology firms. 

Table 2: Scientific capabilities of firms

	
	
	Publications
	Cites/

Publications
	No of Jobs
	Yrs experience

	Germany
	Average
	15.4
	23.2
	2.1
	10.2

	N=299
	Median
	9.5
	14.0
	2.0
	9.0

	
	Std. deviation
	19.1
	27.5
	1.2
	5.5

	Boston
	Average
	13.8
	26.2
	2.7
	11.9

	N=75
	Median
	8.5
	17.6
	3.0
	10.0

	
	Std. deviation
	17.5
	23.5
	1.4
	6.5



Moreover, R&D strategies of German biotechnology firms seem to be very similar to R&D strategies of their American counterparts. Of the German biotechnology firms in our sample the overwhelming majority, 75% formulates the development of new therapeutic products as their objective. Thus, German biotechnology firms do seem to have neglected the option of pursuing R&D strategies aimed at the technologically stable sub-sectors of the biotechnology industry such as the biomedical device and platform technology markets, which would have allowed these firms to benefit of the comparative institutional advantages, which are usually associated with German labor markets.

Employment histories


Clear differences between German and Boston biotechnology spin-off firms do emerge if we look at data describing capabilities biotechnology entrepreneurs in these two environments have actually acquired to implement their R&D strategies. The German biotechnology spin-off firms tend to employ significantly less scientists with prior experience in commercial therapeutic research than Boston biotechnology spin-off firms. Of the 299 German scientists in our sample, only 11% were directly recruited from either a biotechnology firm (4%) or a pharmaceutical firm (7%). In contrast, of the 75 Boston scientists in our sample, 44% were directly recruited from either a biotechnology (32%) or pharmaceutical firm (11%).


Another striking result is that German biotechnology tend recruit a large number of scientists from the laboratory from which they were initially spun-off. 34% of scientists working for German biotechnology firms come directly from the founding lab as opposed to 20% of scientists working for Boston biotechnology firms. This indicates that scientific capabilities of German biotechnology firms could be skewed more towards the scientific capabilities that are available in founding laboratories.

Table 3: previous jobs of biotechnology scientists 

	
	Germany
	Boston

	Founding lab
	101 (34%)
	15 (20%)

	Other academic lab
	166 (55%)
	28 (37%)

	Biotechnology firm lab
	12 (4%)
	24 (32%)

	Pharmaceutical firm
	20 (7%)
	8 (11%)

	Total
	299
	75


Data on the ties through which biotechnology firms were tied prior to employment highlights other differences in the way German and American biotechnology spin-off firms acquire their key capabilities. Whereas German biotechnology spin-off firms seem to rely on the strong ties of founders to attract scientists, American biotechnology spin-off firms seem to be embedded in more extensive scientific networks on which they are able to rely for the recruitment of new scientists. 

Table 4: All ties
	Tie
	
	Germany
	
	Boston
	

	
	
	Number
	Percent
	Number
	Percent

	Strong
	Senior
	47
	
	13
	

	
	Junior
	75
	
	3
	

	
	Total
	122
	41%
	16
	21%

	Weak
	Senior
	13
	
	15
	

	
	Junior
	31
	
	19
	

	
	Total
	44
	15%
	34
	45%

	None
	Senior
	20
	
	8
	

	
	Junior
	111
	
	18
	

	
	Total
	131
	44%
	26
	34%

	Totals
	
	299
	
	75
	


Table 5: Weak ties

	Type of weak tie
	Germany
	
	Boston
	 

	Prior employment with Founder
	 15
	39%
	7
	26%

	Prior collaboration with Founder
	7
	18%
	1
	4%

	Relationship with SAB Member
	6
	16%
	9
	33%

	Prior relationship with Senior Scientist
	6
	16%
	10
	37%

	Prior relationship with Junior Scientist
	4
	11%
	0
	0%



The tie data reinforces the history on previous jobs.  By combining the tie and previous job information, fully half of the scientists working within the German firms worked within the firm’s academic founding lab at some point in their career.  “Strong ties” to senior German scientists are the core mechanism by which German firms recruit scientists.  MIT firms make much stronger use of referral networks, seen by the 45% of scientists with weak ties to a company.  As discussed in more detail below, this is evidence that labor markets in the Boston area probably conform to the Silicon Valley ideal as described in the literature on inter-firm mobility in technology clusters.  A very different dynamic appears to exist in Germany.

Company performance


While German companies appear to have succeeded in recruiting large numbers of primarily academic scientists – and have roughly equivalent indicators of scientific intensity seen through personnel as the Boston firms – in commercializing this science there appear to be important differences across the companies.   As some 80% of the German companies have announced that they are developing therapeutic drug candidates, a good indicator of the success of these projects is pipeline data.  Because it takes generally more than eight years for a new drug candidate to reach the market, it is unfair to expect large numbers of products on the market for the firms in our sample which were all founded after 1995. However, as seen in table 6 virtually all German drug candidates are still in initial “preclinical” research stages.  Only two drug candidates have reached stage one clinical studies and seven drug candidates have reached stage two clinical studies; none of the German biotechnology firms in our sample has products in stage three clinical studies. Although the exact pipeline data for the Boston firms in our sample has not yet been collected from the appropriate database, communication on the websites of the biotechnology firms in our sample suggests that these firms have much more success in pushing drug candidates further into later clinical trials.
Table 6: clinical trial data for firms in sample

	
	Preclinical
	Stage 1
	Stage 2
	Stage 3

	Germany*
	66
	2
	7
	0

	Boston**
	n.a.
	n.a.
	n.a.
	51


Source: *PharmaProjects as of November 3rd, 2003, **Brookings Institute data on entire population of biotechnology firms in Boston Area, data on our firm sample is not yet available. Data will be available for retreat presentation.

6.
Discussion


Using our results, we will construct an analytical narrative (Bates, Grief, Levi, Rosenthal, and Weingast, 1998) on the development of the German biotechnology industry.  Using this narrative, we will then draw broader conclusions relating to our initial discussion of institutional theory and adaptiveness.

Analytical narrative


Beginning in the mid 1990s the promotion of science-based industry became a politically important topic in Germany, leading to the creation of extensive venture capital subsidies and the formation of numerous technology transfer centers with substantial resources to promote and support spin-off firms.  Most of the German firms in our study were founded by senior Professors working within the major German universities and elite Max Planck research institutes.  These Professors were likely targets for technology promotion resources.  It is well-known from the American experience that most successful biotechnology companies were initially founded by “star scientists.”  Moreover, as discussed below, the German research system is more hierarchical than the American system (Whitley 2003); senior German professors were easy targets for spin-off funding, and could use social capital (or reputation) within their regional communities to attract the abundance of public funding, which became available.


Our findings show that German firms pursued similar technology strategies as American firms founded during this time period.  International currents in basic biomedical research, and perhaps to a lesser effect, industry-specific interest (funding waves) in particular types of firms (e.g. proteomics in the late 1990s) probably motivated the founding of these firms.  There is no reason to believe that academic founding labs in Germany were pursuing different types of basic research than American labs – both competing in the same international scientific community. Moreover, holding broadly similar scientific assets, these labs, when given the opportunity, founded broadly similar types of companies.  Our data shows that senior German scientists appear to have been particularly active in moving scientists from their labs to firms – both the previous employment and prevalence of “strong ties” within the German system highlight this activity.  


The big problem, however, appears to be that within Germany, markets for downstream assets – experienced industry scientists who can work on pharmaceutical development processes – have remained untapped by biotechnology entrepreneurs.  As a result, German firms, once founded, have had a hard time recruiting commercial development capabilities, and could very well begin to fail as a result
.  “Normal” German labor markets, i.e. relatively tight labor markets for mid-career scientists, which is the result of the well documented German system of long-term employment in large companies, seem to be tied to this.  Of particular note is the small number of scientists moving from large pharmaceutical companies to biotech start ups.  There are exceptions – for example the former head of biotechnology at Bayer has teamed up with Nobel Prize winner Professor Christiane Nüsslein-Volhard to form one of the Cologne based companies, Artemis.  This company, not surprisingly, is routinely noted as a star performer in the German biotechnology industry.  But most companies do not have access to experienced industry personnel.  Research on the biotechnology industry in the United Kingdom has shown that during the initial formation of clusters in Cambridge and elsewhere British firms recruited extensively from British large pharmaceutical firms. 


One of the key puzzles revealed through this research is why German professors have invested so heavily in these firms, particularly in terms of moving scientists to their firms from their publicly funded labs in the first place given the problems related with attracting scientists with downstream product development expertise. One explanation for this might be that Professors who had spend their whole lives working in academia were simply not aware of the significant differences between the skill set and expertise that are required to conduct research in the commercial research environment of a biotechnology firm and the skill set and expertise that are required to conduct successful scientific research in the academic community. Contrary to their American counterparts, German entrepreneurial biotechnology Professors who have relied largely on public funding did not enjoy the close oversight of professional venture capitalists who could have made them aware of these differences. In addition, the organization of the German research system might have shaped Professors’ recruitment habits. The German and American research systems are organized very differently. Whereas in Germany, junior scientists who pursue a research career are generally tied to one particular Professor and laboratory, up until scientists are eligible to become Professors themselves (after they fulfill the requirements for the so-called Habilitation, which is undertaken under the supervision of the same Professor), in the United States, junior scientists generally have multiple laboratory affiliations during their career, moving in between different relatively autonomous academic positions such as the postdoc and Assistant Professor positions, which are characteristic of the American research system. German Professors thus generally recruit scientists beyond the entry level through internal labor market mechanisms and they might have extended this practice beyond their publicly funded labs in the context of the commercial laboratories of their biotechnology firms.

Application to Institutional Theory


Reflexivity – The founders of German firms appear to have been myopic – responding primarily to short-term public policy initiatives and incentives created through the research system. The ability of founders of German biotechnology firms to take a more encompassing view – to look towards their “downstream” capabilities – even if just a year or two away – appears to have been limited.  The dominance of actors from the research system, unfamiliar with the world of commercial therapeutic research probably constitutes a key factor in explaining this. In addition, this institutional myopia should necessarily be excluded to scientists from the research system. Also German venture capitalists, copying the common American practice of bringing in experienced scientists from industry after scientific milestones are met, might have realized too late that markets for senior scientific management are much tighter within the German economy than in liberal market economies such as the American economy.


Institutional drivers  Our data suggests – surprisingly at least from the point of view of varieties of capitalism theory – that the research system may have been a key institutional driver in shaping the development of the German biotechnology industry. Patterns of recruitment in both the United States and Germany by founding scientists of biotechnology firms seem to be to a large extent similar to patterns of recruitment of these same actors in their academic roles. German Professors tend to rely to a large extent on their laboratories’ internal labor markets for the recruitment of their scientists; American Professors seem to rely on more broad networks of recruitment held together by weak ties. The central link, which this paper finds between the organization of the German research systems and the constraints and behavior of economic actors in the biotechnology industry, constitutes a sharp departure from the Varieties of Capitalism orthodoxy which neglects the role of research institutions in the economy. 


On the other hand, one could argue that this case provides solid support for the claim that labor market institutions “drive” the formation of capabilities within entrepreneurial new high-tech firms.  Access to highly-skilled experienced scientists, secured through referral networks, appears to have been possible within Boston, but not within the German clusters. Moreover, the unwillingness of experienced scientists in Germany to leave established jobs to work in start-up companies because of the long-term and privileged career tracks leading to top management positions of German scientists and engineers, which is observed in the varieties of capitalism literature, seems largely compatible with the findings of our research. 
It always difficult to generalize research findings which are based on one case study, in particular this case study which focuses on a relatively young industry. Nevertheless, it is our opinion that some of our findings could have important implications for neo-institutional theory if followed up by subsequent research. 

First, the issue of institutional myopia would benefit of further research. The empirical findings of this study indicate that actors might not be as reflexive about their comparative institutional (dis)advantages as is often assumed within the neo-institutional literature. Especially actors that move from an old familiar institutional sphere to a new unfamiliar institutional sphere – i.e. from the world of academic research within the scientific community to the world of commercial biotechnology in the pharmaceutical industry - might, when they operate within this new institutional sphere, not have the mindset that is required to “read off” comparative institutional advantages within this new institutional sphere. Instead, if not forced to do otherwise, actors might tend to rely on old familiar practices for guiding their behavior. In short, the findings of this research suggest that actors carry with them what Meyer and Rowan (1977) call taken-for-granted scripts and rules with them across institutional spheres and guide behavior even though this behavior is not necessarily optimal. 

Second, institutional entrepreneurs need to acquire various capabilities to capture newly arisen commercial opportunities. Access to markets for these capabilities is shaped by various interdependent institutions, of which the individual exact effects are often difficult to decipher. As the effect of research systems in the case of the development of the German biotechnology industry indicates, the extent to which different institutions matter might be more contextual than the existing national institutional frameworks within the neo-institutional literature predict. The traditional varieties of capitalism literature tend to have a rather limited view of which institutions matter in shaping firms’ payoffs and behavior – institutions governing national systems of industrial organization, firm financing and labor markets. The findings on the German research system of this paper suggest that working on a more encompassing approach to neo-institutional analysis might be a fruitful endeavor.
7.
Conclusion

In addition to the institutional implications of our findings which have been discussed above, the findings of this study also have more practical implications for technology policy. The findings of this paper highlight the importance of a more multifaceted approach to technology policy. Technology policies aimed at enhancing the performance of lagging industries usually focus on altering sector specific support infrastructures, which are easily malleable. However, firms rely on access to different marketplaces for acquiring key competencies. This study has illustrated how the dynamics of these market places may be governed by distinctive institutions. Technology policies need to be multifaceted in the sense that technology policies should address separately, the institutional spheres that affect these different market places. This however is not an easy task, as the case of the German biotechnology industry has illustrated. Marketplaces, on which entrepreneurs rely for acquiring key competencies, are often interdependent and the ability of technology policies to alter institutions governing these marketplaces varies. Moreover, institutional systems such as those governing labor markets and markets for scientific expertise are not easily malleable. Nevertheless, as has been illustrated by this paper, technology policies need to address these issues since institutions might not adapt automatically to the needs of new industries and relying on the creativity of entrepreneurs to solve these problems may lead to not lead to optimal outcomes.
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Summer
� Some German firms seem to have attempted to overcome their lack of commercial development capabilities by purchasing foreign firms in the United Kingdom or the United States which have acquired these capabilities (ie. Cellzome’s acquisition of GlaxoSmithKline’s Cell Map Unit in the United Kingdom in 2001)
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