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The Triple Helix model is one amongst several descriptions of the transformation of scientific production. Others include the ‘Mode-2’ and ‘agora’ accounts, as well as various approaches that could be collectively considered as the innovation paradigm. These descriptions also have prescriptive connotations, and are thus involved in shaping the scientific processes they are describing. We have several arguments to make that urge caution in the acceptance of such models. Although we focus on the Triple Helix model, many of our points are generally applicable to the other approaches.

There has now been sufficient material written about the Triple Helix, and enough research done in its name that it can be evaluated on two levels. The first level of evaluation is concerned with the Triple Helix’s status as a model. Is it a potentially explanatory model that identifies causes, conditions, and patterns of change? Or is it a post-hoc description, using metaphors and a narrative framework to make sense of diverse events? Most importantly, what new insights does the Triple Helix model give us that cannot be obtained from other models or empirical work? In addition to its descriptive, explanatory and predictive aspects, we have to assess the Triple Helix’s prescriptive implications. Do those prescriptions drive the model or follow on from it? If there is a strongly normative level, is it dependent on the descriptive and explanatory capacities of the model, or somehow independent of them?

The second level of analysis feeds into the first, by focusing on the research being done under the Triple Helix banner. What sort of research has the Triple Helix generated, and does the theoretical framework provide any methodological guidance for that research? How connected are the data to the very abstract claims of the model? Does the relevant evidence simply illustrate the model, or does it test the validity and utility of its claims? 

All of these questions are tied up with what we expect from a model, which means the discussion has to be framed within a more general account of models and how it applies to the Triple Helix. The main thing we want to learn from our analysis is whether the Triple Helix is a practical and effective approach for understanding science and anticipating the effects of current changes. In addition, we want to work out whether there is any element missing from the Triple Helix that, if added, would lead science analysts to a better understanding of scientific success and change.

What should a model do?

According to postpositivist philosophies of science, Triple Helix theorists are right to emphasize models and the key role they play in understanding the world. Models, in current thinking, provide the pivotal link between abstract theoretical statements and the world, using hypotheses to assert similarities between the model and certain classes of phenomena (Giere 1988; 1999; Van Fraassen 1980; Lloyd 1988; Thompson 1989). Generally, models tell the scientist what to look for, where, and sometimes indicate how to look. They can be prepositional, mathematical or visual. Criteria for evaluating model fit are complex, and include isomorphism and the range of evidence the model can cover (Lloyd 1988, Chapter 8; Thompson 1989, 82; Giere 1999, 179).

It is impossible not to think that the Triple Helix image was chosen at least in part because of its resonance with the justly famous double helix model of DNA (Watson & Crick 1953). The latter is surely one of the natural science’s most conceptually precise, predictive, and experimentally supported models. It sets out a battery of specifications that allows the degree of model fit to phenomena to be carefully evaluated. 

The strategy of alluding to a successful biological model becomes somewhat dubious, however, when the triple helix’s history in biology is reflected on. A triple strand model of DNA (with the bases facing outwards from the helices) was the initial structure chosen by Watson and Crick.
 When they revealed this hypothesized structure to a group of peers (competitors and collaborators), the chemists in the audience quickly pointed out its crippling theoretical and empirical deficiencies (Judson 1996, 106; Giere 1999, 73-4; Maddox, 2002). The analogical irony of choosing the triple helix structure is extended by the fact that triple helical DNA has few known roles in the biology of real cells. It is only known from simple synthetic polynucleotides in vitro, although it is currently of interest in the experimental disruption of gene expression (Hoyne et al 2000; Felsenfield, Davies, & Rich 1957; Felsenfeld & Rich 1957; Gowers & Fox 1999). While we have no doubts that the three institutional spheres and their interactions are real and important to any study of in vivo scientific change, the issue is one of whether they have been modelled effectively by the Triple Helix account of scientific innovation

1. 
THE TRIPLE HELIX MODEL AND WHAT IT DOES

In its most basic claims, the Triple Helix model is focused on the innovation system. It consists of three institutional spheres and the interactions between them. Each of those institutional categories is called a helix (sometimes a dynamic) to symbolize the ‘spiralling’ nature of the communication networks within and between them. Institutionalized communication patterns function to reproduce the system. The three helices go through four stages of development in the innovation process: internal transformation, bilateral influence, trilateral interaction, and recursive effects. As these increasingly complex patterns of interaction form, the system environment changes and new sub-institutions of science and integrating mechanisms arise. Once a certain threshold is reached, a new mode of science production emerges (Etzkowitz & Leydesdorff 1997; Etzkowitz, Webster, Gebhardt, & Terra 2000; Leydesdorff & Etzkowitz 2001; Leydesdorff 2000a; Etzkowitz 1998).

Triple Helix theory states that this process of transformation is endless, without a goal or ideal end (Leydesdorff & Etzkowitz 2000). The transformation with which the model is most concerned, however, is the current one. Within the historical context of the ‘second academic revolution’, a once simply related set of independent institutions and interactions has become more complexly related. The primary cause of these changed relationships and functions is the new economy and its emphasis on knowledge (Leydesdorff & Etzkowitz 2000; Etzkowitz et al 2000, 529; Etzkowitz, Schuler, & Gulbrandsen 2000, 41-2).
 Institutional boundaries have blurred, and functions have become interchangeable (Leydesdorff & Etzkowitz 1996; 2001).
 Universities now take on the tasks or functions of companies, for example, and companies usurp university tasks such as training (Etzkowitz et al 1998, 6; Leydesdorff 2002a). The university has become an entrepreneurial institution, thereby reshaping the norms, practices, goals and organization of academic science. The result is the ‘translation’ of research findings into intellectual property, marketable commodities, and economic development (Etzkowitz & Webster 1998, 21). 

Proper evaluation of these claims requires, first of all, an analysis of Triple Helix theory. It borrows most extensively from Niklas Luhmann’s work, so we will outline some of his key contributions in order to gain a better understanding of the model.

Luhmann’s general theory

Luhmann’s account of society combines three ‘independent and irreducible’ general theories: systems theory, evolutionary theory, and communication theory (1982a, 261, 269). He is adamant that his theory of society is not an empirical analysis of actual societies, but a general theory that has to be expressed at ‘an extraordinarily high level of abstraction’ in order to ‘resist the fatal slide to specialization’ (1982a, x, 286; 1995, 9). Luhmann’s ‘departure point’ is the distinction between the social system and its environment.
 The social system consists of the entirety of social communication. Through communication processes, the social system not only reduces environmental complexity but also remakes itself in an autopoietic way. Autopoiesis is the biological concept Luhmann uses to describe how a system regenerates itself ‘self-referentially’, or in a way that internalizes the system’s relationship to the environment (Luhmann 1995, 34-6, 220; 1982b, 131; Sevänen 2001, 77; Maturana & Varela [1972] 1980; Zeleny 1996).
 

The forms particular societies can take depend on how communication is structured and information is distributed (1995, 159). To explain movements from one form to another, Luhmann appeals to Darwin for three core ‘evolutionary functions: variation, selection and stabilization’ (1982a, 258). The main process Luhmann detects in evolving social systems is differentiation, which he describes as ‘the replication, within a system, of the difference between a system and its environment’ (1982a, 230; 1995, 7, 17). Differentiation’s function is to ‘enhance selectivity’. Selectivity makes sense of environmental complexity, by reducing the indeterminacy or uncertainty of information and increasing the ‘available possibilities for variation or choice’ (of communicative structures). Selection, therefore, means ‘the opportunity for choice among alternatives’, and is ‘necessary for meaningful behaviour and communication’ (1982a, 247). Communication is defined as a three-part selection process, and evolution as the growth of opportunities for communication and hence, of the type of social system (1995, 159). The more complex a society, the more ‘selective’ a system has to be in choosing which elements it relates to (1982a, 267, 283, 343; 1983, 993; 1995, 214). Successful complexity reduction is ‘meaningful’ because the system achieves ‘higher selectivity or increased freedoms’ (1982a, 231-2; 1995, Chapter 1). Meaning is defined as the difference or freedom that lies between the actuality (that which is selectively experienced) and potentiality (all that could be experienced). 

Luhmann then proposes that as a result of this selection process, only a few social forms have been ‘revealed’ by the historical record. These categories form a historical sequence of four main stages.
 Despite the Darwinian language, then, Luhmann is actually outlining a developmental model of social systems. Let us make a brief foray here into the differences between selectionist and developmental logic, especially in relation to societies. Social evolutionary theory was – until quite recently – avowedly developmentalist, conceiving of history as a series of predictable, necessary stages driven by factors endogenous to the societies involved (often involving internally-driven differentiation processes). Evolution as conceived of in Darwinian selection, however, is opportunistic and unpredictable, driven by exogenous environmental factors. The ontogeny of individual organisms is, of course, the result of developmental processes, but these are themselves the products of selection operations on individuals in successive generations of a species. In social evolutionary theory, however, development has traditionally over-ridden any selectionist process deemed to be operating on social variation. There is now widespread agreement in sociology that such developmental approaches are inappropriate and misleading for understanding social change.
 There is less agreement about how appropriate selectionist evolutionary accounts of social change might be, mostly because whenever sociologists have tried to apply selectionist concepts to large-scale social history, they have reverted to developmental templates.
 

This is what has happened to Luhmann, as is made clear by his stage model and his highly functionalist language. Causal analysis, he believes, can only grasp simple relationships, whereas functional analysis is able to demonstrate connections between increasingly diverse phenomena (1995, 58; 1975, in Zolo 1986, 116-8). His work is full of statements such as ‘a system produces difference because it desires unity’, or that differentiation’s task is to bring about a specific developmental stage of society (1990, 410, 417; 1995, 402). The main point we want to make here is that Luhmann’s developmental overlay means that variation and selection are at best assistants or secondary processes to a process of change that is not Darwinian. The language may echo Darwin, but the similarities end with the words.

Criticisms

Once we understand the causal logic of selection and the general processes it involves (variation, heredity, adaptation), it is clear that Luhmann has substituted a developmental theory of modern society for a selectionist theory of social evolution. His integration of information theory and Darwinian terminology (i.e.: ‘the selection of uncertainties’)
 does not license the recruitment of selection to a function of system reproduction and advance. Luhmann adorns his model with a sketchy prehistory designed to highlight the ‘uniqueness’ of modernity’s occurrence, as did most earlier social evolutionists. He uses primitive or pre-modern societies as heuristic case studies for bringing out the developmental achievement of the modern social system. All earlier social arrangements are presented from the perspective of what they are not: today’s functionally differentiated world society. 

In our assessment, Luhmann’s decrees that there is no direction or necessity to evolution (not even from simple to complex) and that differentiation is ‘blind to the future’ (1990, 434; 1982a, 245, 258; 1995, 190-1, 201) are, in fact, instances of the standard rhetoric for social evolutionists whose theories are ruled by functional-teleological logic. The pre-Darwinian thinking Luhmann employs, even though it is expressed in Darwinian language, is simply not selectionist or Darwinian. ‘Selection’ has become an invisible hand for Luhmann’s full-blown developmentalism.

Why does Luhmann perpetuate this old paradigm of development, even though it has been recognized as deficient for more than a century? The trouble lies in how his theory has been constructed and the way it operates. Progress in sociological theory, he contends, can only be achieved through rigorous and autonomous theoretical work (1995, xliv-v). Luhmann argues that unlike previous evolutionary sociologists, he is not beginning with an analytical system but is ‘proving system formations concretely and empirically’ (1995, 245). He is nevertheless adamant that crucial concepts such as complexity can never be treated empirically (1982a, 297; 1998, 5) and has consequently constructed his vast theoretical framework without any research at all.
 

Through this reasoning, Luhmann has set up his three general theories with an epistemological justification for accepting and not correcting their failings. His test of how well concepts match the ‘real world’ is an evaluation of how well they fit into his systems theory of communication (see 1995, 12-13). The primary achievement of such ‘testing’ is the perpetuation of a developmental paradigm of social change that no sociologist will endorse when confronted with its logic. We diagnose Luhmann’s failure to recognize this failing as an autopoietic malady of theory construction, in which theory is insulated from the world it is explaining, referring perpetually to itself for justification. 

Even though these weaknesses of Luhmann’s work are difficult to overcome (because they are so fundamental and pervasive) it may be the case that useful working hypotheses can be derived from his abundant writings, and a productive research agenda formulated. After all, even Darwinian theory took a few decades to develop the successful models and diverse research programmes that characterize modern evolutionary biology. The next step, therefore, is to find out what happens when Luhmann is translated into Triple Helix theory and whether it overcomes Luhmann’s deficiencies.
Triple Helix theory 

Most of the concepts of Luhmann’s three general theories (systems, communication, and evolution) are translated fairly directly into Triple Helix theory.
 Rather than pitching their claims at the most general social systems level, Triple Helix theorists focus on innovation and knowledge-based economic systems. The economy, science, and policy-making constitute the system’s differently-coded communication subsystems. There are three functional requirements for Triple Helix innovation systems, and these are wealth generation, novelty generation, and control. Institutions performing these functions can conduct cross-institutional ‘conversations’, which – when reiterated enough – can lead to the selective transformation of the participating institutions (Leydesdorff 2002a; 1994; Leydesdorff & Etzkowitz 2001; 1998).

‘Selective transformation’ lies at the heart of Triple Helix processes, and it deviates very little from Luhmann’s account. Variation, selection, and stabilization are again the three core mechanisms of evolution in communication systems. Selection operates on variation, in relation to how variants function for the selecting system (Leydesdorff 2002a). There are three levels of selections: initial selection of variations, the selection of those selections (which is termed stabilization), and then selection of the selections of selections (or selection of the stabilizations), which is a metastabilization or globalization (Leydesdorff 1994; 2002a; Etzkowitz & Leydesdorff 2000). 

Within the innovation system, evolution is deemed to be occurring

‘When the three dynamics (that is, markets, innovations, and control) operate in a competitive mode (that is, as degrees of freedom in the model), the complexities and flexibilities of a triple helix network system are generated. Uncertainties in the relations between the helices open windows of potential innovation (and conflict) in (sub-)systems that otherwise have to be reproduced. Because the emerging order of the regime is pending and exerting selection pressure, the interactions between the subdynamics are entrained in evolutionary drifts (Leydesdorff 2000a, 244).

To put it more concisely, the helices of a social system communicate by selecting from the variations or contingencies (structural or intentional) in other helices and the interactions between them (Leydesdorff & Etzkowitz 1996, 281; 1998, 201). The coevolution (or mutual transformation) of new forms of interaction leads to the production of new forms of knowledge, such as biotechnology.

Even though the Triple Helix defers to a stage model of innovation (as set out in the interactional schema), the model’s theorists consider linearity to be a problematic account of institutional relationships (e.g.: Etzkowitz 1998, 129; 1993, 359). They try to counter any semblance of straightforward causal relationships by bringing in general notions from chaos theory or non-linear thermodynamics (as Luhmann does also): ‘A Triple Helix system can be expected to exhibit all kinds of chaotic behaviour, such as unintended consequences, crises, niche formation, and self-organization’ (Leydesdorff & Etzkowitz 2001). 

To underscore its non-linearity, the Triple Helix model repeatedly emphasizes the reflexivity inherent in higher (autopoietic) levels of system organization and institutional transformation. Reflexivity is ‘the capacity of a communication system to recursively apply the communication to the communication of this system’ (Leydesdorff 1993a, c335 – emphasis in original).  All participating actors and agents are deemed to be reflexive and therefore recursively adjusting their positions within given institutional constraints and opportunities. Through this process they contribute to the reshaping of the system in which they are embedded – even though the Triple Helix is actually based in discourses rather than people themselves (Leydesdorff 1996; Fujigaki 1998). 

Theoretical problems of the Triple Helix

Triple Helix theory is obviously couched at Luhmann’s level of generality. It is about abstract systems, rather than specific institutional arrangements, and it is hard to see how Triple Helix theory would overcome any of the problems identified in Luhmann’s theoretical framework. We are not, of course, denying that the Triple Helix describes some very obvious changes – particularly the increasing involvement of industry in academic science, often at the behest of government – but these are observations that seem to be perfectly comprehensible without Luhmann’s assistance.

It should be noted, however, that some Triple Helix proponents occasionally find Luhmann too speculative, and they announce their intention to avoid his mistake of ‘reifying systems metatheoretically’. That potentially remedial measure is wholly neutralized, however, by a competing directive against ‘reifying the phenomena as naturalistically given data or discourses’ (Leydesdorff 1993a, c340). For the non-Luhmann speaking world, this abnegation of naturalistic research is very damaging. It will be interesting, therefore, to see how ‘reflexive hypotheses’ that ‘organize the uncertainty within the theoretical analysis self-referentially’ lead to concrete investigation, and whether the resultant research can cast out the theoretical problems Luhmann has bequeathed the Triple Helix.

2. 
RESEARCH: the Triple Helix applied

According to Triple Helix theory, a model is a set of descriptive metaphors, and theories are ‘heuristics’ (Leydesdorff & Etzkowitz 2001). More specifically, the claim is that the Triple Helix is an ‘analytical framework’ for the study of the knowledge infrastructure. The theoretical analysis achieved by the model thus creates ‘windows’ into the complexity of interacting and evolving social systems (Leydesdorff & Etzkowitz 1998, 197; Leydesdorff 2000b; 1994, 182). From there, predictions can sometimes be made from the theory about selections and the probabilities of interactional patterns (Leydesdorff 1996). The purpose of developing and applying such a model, say its creators, is to be able to effectively guide policy (Leydesdorff & Etzkowitz 2001). 

Triple Helix theory dispenses epistemological and methodological advice, which influences the research done in its name. Epistemologically, the Triple Helix places observations at the ‘phenotypical’ or surface level of understanding. Underpinning and explaining them is the ‘genotypical’ level of analytical theorizing (Leydesdorff & Etzkowitz 2001; Leydesdorff 1996). These ‘genes’ compete for understanding and control of an explanatory situation (Leydesdorff 2001; Leydesdorff & Etzkowitz 1998). In other words, analysts should understand their observations as the outcomes of (hypothesized) underlying interactions, and data as constructed and selected by theoretical analysis (Leydesdorff & Etzkowitz 1996, 284).

Depending on the level to which communication systems have developed, Triple Helix theorists believe that different types of analysis are indicated: descriptions are suitable for internal transformations, multivariate analyses are indicated by bilateral interactions, time series analyses work for trilateral interactions, and non-linear dynamical modelling is required to understand recursive effects (Leydesdorff 1994). Triple Helix theorists note that moving from analytical hypotheses to empirical data requires careful operationalization, and they are sure that they can achieve this where Luhmann did not (Leydesdorff 2000b; 2002a; 2002b). Although Leydesdorff & Etzkowitz argue that complex dynamics require an algorithmic model (2000, 8; Leydesdorff 1993b),
 the primary utilization of Triple Helix concepts has been in relation to case study material. We will outline a range of these case studies to give a sense of what we consider to be a highly problematic form of application. 

Case studies

For most Triple Helix researchers, the ‘triple helix’ is used as a descriptive term to cover any interaction between government, industry and academia in the research process (e.g.: Langford, Langford, & Burch 1997; Langford & Langford 2000; Nedeva, Georghiou, & Halfpenny 1999; Biggiero 1998; de Castro, Rodrigues, Esteves, & Pires 2000; Matlay & Mitra 2002). The focus is invariably university and industry, with the government playing a background role (as it does in the model) by providing policy conditions for the flourishing of university-industry intimacies. Some of the more detailed studies describe and typologize organizational forms of overlap between university and industry such as science parks, incubators, strategic alliances, and interdisciplinary research centres (e.g.: Webster & Etzkowitz 1998; Etzkowitz & Kemelgor 1998; Etzkowitz 2002). Others look at behavioural changes, such as forms of academic entrepreneurship (e.g.: Louis & Anderson 1998). A limited amount of study has been done by researchers who use the Triple Helix as a very general introductory background, and then independently develop their own models and methods of analysis (e.g.: Frenken 2000).

To clarify these general observations of Triple Helix research, we will concentrate on a few case studies. In Benner and Sandström’s (2000) discussion of funding mechanisms, they recognize that the Triple Helix is non-specific about how institutions interact and what this does to science. To fill in this gap, they describe several empirical funding situations. After the most preliminary of investigations, they are only able to conclude that ‘it seems like there will be evolutionary learning effects when new tasks and structures are added to the traditional ones. This interpretation is well in line with the triple helix model of knowledge production, which state [sic] that there will be a gradual transformation and negotiation between different models of research performance and evaluation’ (p. 299). Although Benner and Sandström claim that they are using the Triple Helix model, we were unable to find clear instances of its use in their analysis. While we agree wholeheartedly that funding mechanisms are crucial to scientific organization and output, the Triple Helix in this case seems superfluous to the proper investigation of these phenomena.

Giesecke’s (2000) main conclusion is that since German biotechnology does not fit the Triple Helix, biotechnology itself is deficient (not the model!). She claims that ‘institutional inertia’ hampers the Triple Helix’s spiralling move from basic research to the marketplace (pp. 215, 219, 220). Giesecke thus provides an illustration of the unwillingness of Triple Helix users to test the model, as well as of how its prescriptive claims are assumed to be true without any deep investigation. 

These normative applications of the Triple Helix can be quite extensive. Kaukonen and Nieminen’s (1999) treatment barely deals with details of the model at a descriptive level. Instead, they mainly argue for an ‘ideal’ Triple Helix – one which encompasses a broader social base within its normative aims. Casas, de Gortari, and Santos (2000, 227) do likewise. They find that some regions are more dynamic and provide ‘better conditions for the emergence of “Triple Helix” experiences’ (i.e.: interactivity and innovation). The Triple Helix, they argue, is the developmental goal of scientific evolution and it therefore operates as a normative marker for what is right and wrong in the area under investigation. The development of Triple Helix policies is the concern of several of these prescriptively oriented studies (e.g.: Sutz 2000), which focus on the way in which governments should be aiding the emergence of triple helix relationships.

Some case studies do conclude that the Triple Helix is an inadequate framework. Bunders, Broerse, and Zweekhorst (1999), for example, focus on the neglect of ‘research users’ outside the narrow Triple Helix conception. They see this as a deficiency of detail, however, rather than one of the overall model. Georg Krücken (2003), on the other hand, takes his criticism further and concludes from his study of German technology transfer offices that ‘models’ such as the Triple Helix are not even generally descriptive (p. 24), since understanding science happens only in the study of specifics. Grand theories of institutional change, he argues, are unable to deal with the relevant forces and conditions in the production of science. We believe he is right about the Triple Helix, and that it is not a model, but that he is wrong about general accounts of wide-ranging processes once they are conceived of within a hierarchy of models.

Overall, the case studies that utilize Triple Helix do so nominally, and more rhetorically than analytically. Although the primary aim of these applications is to give a sufficiently complex account of science, the case studies are either under-informed by the model or unable to trace the complex interactions it posits (but never actually models). It is obvious to most science commentators that three institutional dynamics are operating in the production of science, and far better research has been done on these institutional interlinkings and transformations by researchers who have ignored Triple Helix concepts altogether (e.g.: Senker, Faulkner, & Velho 1998; Ziman 1994). 

EVALUATING THE TRIPLE HELIX MODEL

Triple Helix proponents perceive the strength of their model to lie in its focus on reciprocal interactions. They like to point out how the Triple Helix does not conceive of research in neo-classical terms, with government only there to pick up market failure. The model, they claim, gives an altogether more sophisticated account of public, private and academic interdependence in the innovation process. The problem is, of course, that with the overwhelming emphasis on interactivity and recursiveness, anything could happen and no event disconfirms the model’s claims. Everything can be subsumed under such terms. From this vague omni-meaningful theoretical framework it is difficult to extract anything more for investigation than flexible metaphors. All the Triple Helix can do is gloss new scientific institutions and activities (such as the public-private and not-for-profit consortiums very visible in new fields such as biotechnology) with non-specific attributions of spirals and recursivity and complexity. Anything more meaningful about the entities at play can only be arrived at through empirical investigation. Again, we fully accept that there are changes in the relationships between industry, academia, and government that are affecting the way science is done, but we are not at all convinced that the Triple Helix has much to say about these interactions, either generally or specifically.

Let us sum up our findings by going back to the categories of model accomplishments we outlined in the introduction: description, explanation, prediction, and prescription. What kind of fit is there between the Triple Helix model and the aspects of the world it describes? At a descriptive level, the purchase of the Triple Helix is difficult to assess since it relies on very loose terms such as ‘complex recursive interaction’. At an explanatory level, the Triple Helix avoids straightforward causal analysis and (following Luhmann) opts for functional explanation. Although Triple Helix theorists argue that they have gone beyond the problems of old functionalist theories by incorporating multi-functionality and reflexivity (Leydesdorff 2001; Leydesdorff & Etzkowitz 2000), we fail to see how Triple Helix claims of system requirements escape those problems (see Turner & Maryanski 1979, for an elaboration). The functional claims then set the model up prescriptively, by confusing how science operates with the way it should operate. It should be clear by now, however, that the Triple Helix is unable to clarify the relationships between institutions and knowledge at a theoretical level, and is therefore unable to stimulate the kind of research that could justify its normative claims.

Occasionally, predictive ‘hypotheses’ are attached to Triple Helix descriptions. These include claims such as ‘more industry support for research will result in less risk taking’, or that the university will continue as the core institution of the knowledge sector as long as it retains its original education focus. We can find even broader anticipations, such as the assertion that ‘The Triple Helix hypothesis is that systems can be expected to remain in transition’ (Etzkowitz & Leydesdorff 1998; 2000, 113; Leydesdorff & Etzkowitz 2000). The very generality of these claims, however, makes it difficult to regard them as better than Luhmann’s speculations. Most importantly, it is not clear how these very reasonable expectations are derived from the Triple Helix conceptual network. A lot of trend mapping has been done in a similar vein without its help (e.g.: Ziman 1994; 2000a).

Above all else, however, we have deep-rooted difficulties in taking these very general descriptions of a situation as indications of its most desirable trajectory. Although Triple Helix users acknowledge the possibilities of tension and conflict between traditional and entrepreneurial academic science, they presume this is a ‘creative tension’ that will result in further constructive change (e.g.: Etzkowitz et al 2000, 326). Any such ‘disturbances’ can apparently be innovative if they are selected
 (Leydesdorff 2000a). Claiming that normative clashes between science and commercial culture can be minimized by making one of the university goals the commercialization of research (Webster & Etzkowitz 1998, 64) is both naïve and dangerous. It is a naïve claim, because norms don’t change by edict or even democratic decision; we think it is also a dangerous one, because the norms of academic science appear to be highly functional to scientific success (however it might be measured) and their extinction may lead to less successful science. 

The overall issue for us is the success of science. Assessing the impact of institutional transformation on the measurable achievements of science does not appear to be a concern of the Triple Helix. What we would need to see to be convinced of the efficacy of Triple Helix prescriptions is evidence that change in scientific processes does not have a negative impact on the content and epistemology of science. Blithe encouragements from Triple Helix theorists to ‘connect more’ with industry are not based on evidence that science will continue to succeed, but on the conflation of observed change (real and well described by many analysts outside the Triple Helix) with necessity (not established in anyone’s analysis yet).

Science and success

Although we recognize that the Triple Helix is concerned with innovation systems, and not specifically with science and how it works, we believe it is impossible to ignore those processes for an adequate account of how science works in society. Science and its success cannot be taken for granted. Using selectionist reasoning,
 we can make an argument that due to the way scientific process is connected at different levels to society, the fitness of its findings may decrease or increase. This model puts science at the centre of its analysis. Although not an alternative to the Triple Helix (since this approach is not primarily concerned with innovation), it nevertheless brings in some of the concerns the Triple Helix should share. As a thoroughgoing evolutionary account of science, it makes clear how some of science’s processes could be changing as a result of external (social) environmental change and internal organizational transformation, and how those changes could well be dysfunctional for the continuation of science as we have known it.

The key issue for those concerned about scientific success are current changes in the selective environment and what is selected for in the research process. From a selectionist perspective, there are good reasons to be concerned about the market oriented innovation paradigm. Because the commercial environment is concerned with markets and profit, the selective forces and fitness that work there are quite different from those that operate in the academic environment (e.g.: Ziman 2000b).
 Fit and fitness in an increasingly economic environment are more matters of commercial reproduction and market demand than they are of the explanation and prediction of natural phenomena. The research environment in many disciplines, while broadened to include markets and products, is at the same time constricted to an area covered by favourable risk analyses and anticipated product demand. The selective pressures exerted by the scientific community become secondary, and that means the way scientists think about science matters less than it used to. While the economic fitness of many kinds of research may increase, scientific fitness in its broad and narrow senses may decrease. 

To give just two examples of how social forces shape science, let us look at protistology (the study of single cell eukaryotes) and the human genome sequencing projects. In the first case, a great deal of very good research has been done on a large number of micro-organisms. Before genomics, however, most of the protists known to the field were pathogens, because their impact on humans was of most interest to science funders. Consequently, the more general field of environmental microbiology (or protistology) was neglected in relation to that of pathogen microbiology (or parasitology). While there are now many efforts being made to gain data on the vast number of micro-organisms only indirectly affecting humans,
 the anthropocentrism of the field has until very recently restricted the scope of the science and shaped the development of the discipline.

The second case is a more pernicious example. The human genome, recently sequenced by the Human Genome Project (a publicly funded consortium) and Celera (a privately funded team) turned into a dramatic competition to finish first, in line with business and political expectations of speed and efficiency. These pressures drastically altered the epistemology and methodology of both sequencing efforts, with serious consequences for the overall quality of the draft and its ‘finishability’ (see Olsen 2002). We have looked at other changes in scientific process, particularly in genomics, and agree with Triple Helix proponents that major multi-level reorganizations of scientific production are occurring. What our investigations compel us to reject, however, is that these changes are positive or benign. Much more concrete research (the kind the Triple Helix is unable to guide effectively) is necessary for such evaluations to be made.

Embedded in many Triple Helix overviews is the intimation that resistance to the model is futile: denial of its claims is simply evidence of an old-fashioned belief in science and its linear relationship to applied science and technology (Etzkowitz 1994, 143). In the first academic revolution, conservatives resisted government funding (Etzkowitz & Webster 1998, 21); the implication is that in the second ‘revolution’, conservative disdain will be expressed towards industry money. Any who doubt the Triple Helix, therefore, can be written off as reactionaries. We do not believe our resistance of the Triple Helix entails that kind of conservatism, although it does entail another. The conservationist attitude that is applied to ecological systems might be appropriate for scientific systems. It is ironic that we would not undertake a massive ecological intervention without an environmental impact study, and yet we are in the process of radically altering the structures and mandates of science (a unique and precious cultural ecosystem) without serious consideration of how this might alter its productivity or, indeed, viability. A conservationist (rather than strictly conservative) stance might indeed be desirable, until we have enough information to guide far-reaching interventions.

Conclusion

To summarize our evaluation, we would argue that the Triple Helix is not a model: it is one of those accounts philosophers of science would call a high level theory (Giere 1999, 172). The theory of natural selection is an example of a similarly elevated theory. It, however, can be broken down into sub-theories and then models, all of which connect into the overarching theoretical framework (Lloyd 1988, Chapters 1 & 2). The problem with the Triple Helix is that its general comments about interactivity and institutional reconfiguration cannot be modelled more precisely, so investigation ends with a metaphorical declaration.

There is nothing wrong with purely metaphorical exercises, but there is a difference between passive and active (or cognitive) metaphors (see Hesse 1988). The case studies amply demonstrate the superficial level of metaphor application, and how the ‘heuristics’ find out nothing more about their objects of inquiry. If the passive metaphoric embellishment of observations is all we are after, then perhaps we could be satisfied with what Derek de Solla Price said more simply almost four decades ago:

‘Science and technology were once the condiments of our civilization. More recently they have been regarded as vitamins, tiny quantities of which could prevent stunted growth and enable us to absorb our industrial nourishment. Now they must be regarded as the very meat and potatoes of our economy’ (1965, 237).

To conclude, we are making a stronger claim here than the more neutral one that the Triple Helix has not been applied extensively enough to empirical data. We are saying that it could never be applied successfully because of the way it is constructed: as a highly abstract untestable systems theory that offers only metaphors as methodological tools. Triple Helix thinking results in the reification of the three helices: while claiming the world is indicated by the model, what the model does is reify its main components. We agree that it is important to identify the forces and entities at work, but we also need to know how they operate in specific circumstances. The Triple Helix does not and cannot do that, and is therefore not a model in an explanatory or predictive sense; nor is it even a falsifiable description. Although we reject the Triple Helix as either a general theory or a model, we do agree that we want more than an array of historical case studies of science. We want connecting explanations and evaluations of the observed changes in scientific processes. Since narrative glossing is insufficient for this purpose, then a more adequate model of science-in-society has to be developed.

To reiterate, we are not denying changes in the social pressures on science and the consequences for its ‘mode of production’. The level of generality at which the Triple Helix pitches those claims, however, means that it adds nothing to even the most ordinary of observations. Most dangerously, by displacing science from the centre of the model, it is incapable of recognizing the damage that new environmental forces may be inflicting on the science ecosystem. If we are going to take a prescriptive step of our own here, it would be to say that we ought to focus on the is of science and go back to the old-fashioned agenda of developing a science of science. Only then will we have enough basic information to make decisions about interventions and the guidance of science policy.

One of the most interesting phenomena for us in our reading and analysis of the Triple Helix is its popularity.
 We are tempted to think of it as an example of the emperor’s new clothes, based on an imaginative leap such as Douglas Adams made in The Hitchhiker’s Guide to the Galaxy (1985, C6, p. 112): 

‘The Haggunenons of Vicissitus Three have the most impatient chromosomes of any life form in the Galaxy. … Their genetic structure, based on the quadruple sterated octohelix, is so chronically unstable, that far from passing on their basic shape onto their children, they quite frequently evolve several times over lunch.’
DNA is obviously an object of cultural fascination, and the metaphors based on it are rich and interesting. In an era in which testability, hypotheses, and scientific laws are placed on an equal footing with fables, perhaps there is no obligation on the Triple Helix to prove its empirical correctness. From the point of view of most of the scientists we know, however, this kind of narrative fantasy is not going to be received with much sympathy. Hence, the Triple Helix is unlikely to find the reflexive support from the scientific community that its own logic would demand. Our conclusion, therefore, is that without a tighter grasp of scientific process and its interaction with society, the Triple Helix will remain fit for only the shallowest of knowledge niches.
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� The triple helix structure (with a somewhat different arrangement) was also chosen by Linus Pauling, whom Watson and Crick saw as a chief competitor for the DNA structure solution (see Judson 1996).


� In its historical analysis, the Triple Helix tries to avoid simplistic ideal-typical histories of scientific production. Although the emphasis is on the very recent ‘codification’ of the Triple Helix as a regime of communication’, it is acknowledged that such features were apparent in much earlier science.


� ‘Only to a ‘certain’ extent, qualifies Leydesdorff (2001), presumably because he doesn’t want to say that functional flexibility means de-differentiation.


� Luhmann’s social system is formed out of interactions, organizations and societies, and has no social environment itself (Luhmann 1995, 2, 408).


� There are unresolved debates about whether the concept of autopoiesis can legitimately and usefully be applied to social systems (e.g.: Mingers 1992; 1995, Chapter 9; Zeleny & Hufford 1992; Fleischaker 1992; Swenson 1992). Few of the sceptics see a problem with the metaphoric use of autopoiesis, but they object strongly to any more formal autopoietic similarities being claimed for social systems. Moreover, many biologists remain altogether sceptical about the notion of biological autopoiesis, thereby undermining the credibility such terminological borrowing is meant to confer.


� These are segmentary differentiation (in which there is equality between all subsystems and their environing subsystems, meaning groups and individuals are only accidentally advantaged), differentiation (in which one subsystem is dominant over all the others of its environment), stratificatory differentiation (in which there is a hierarchical ordering of social positions or designated subsystems), and functional differentiation (in which there is functional inequality between subsystems and environments). Luhmann rarely refers to the second type of society but claims it can be a ‘developmental condition for the emergence of multilevel hierarchies’, although it will eventually come into conflict with them (1995, 191 – emphasis added). He also occasionally mentions a fifth type of differentiation, which is concerned with conformity and deviance (1995, 190).


� See Nisbet (1969) for theoretical, methodological, and evidential criticisms of this paradigm.


� See Holmwood & O’Malley (forthcoming) for illustration and elaboration.





� See the later part of Richard Dawkin’s 1998 article for a useful discussion of information theory and Darwinism.


� Although Luhmann does believe his theory may ‘eventually supply the instruments for the observation of society’, he also insists that it is not his responsibility to set up a research programme (1990, 427; 1995, 12, 163). The extent to which sociologists have applied his theory to societies is very limited; there has certainly been no testing of even his more specific claims. Deflem goes so far as to say Luhmann’s approach is ‘stripped of falsifiability’ and creates only systems of ideal types (1998, 805; see also Turner 1986, 125). To complicate matters, Luhmann also incorporates a large amount of empirical information into his general theory where it suits his scheme (see Miller 1994, for a discussion of this tendency). 


� There are slight conceptual differences between the Triple Helix and Luhmann’s theory, primarily in relation to meaning or technicalities about structural coupling and operational closure (see Leydesdorff 1993a; 1993b; Fujigaki & Leydesdorff 2000).


� Our objection to this metaphor would be that theoretical genes interact with an environment that is at least partly constituted by empirical observations, and that the very replicability of the theoretical material would be intrinsically related to observational resources. Even if we don’t worry about analogical details, it disturbs us that the practical consequence of this stance is that data are relegated to a secondary and subsequent role in the research process. This is quite a Luhmannian move, but may scuttle the hopes of the Triple Helix founders for a viable research programme.


� The few predictive algorithms so far developed (mostly to do with the notion of ‘lock-in’) do not yet have much to say about the Triple Helix as a whole.


� See the references above to model-theoretic approaches.


� Note the circularity in the Triple Helix definition of innovation: if it is selected, it is clear it was innovative. This is equivalent to the tautology of crude fitness definitions.


� By ‘selectionist’ we meant that we rely on a general theory of selection that uses the Darwinian logic of differential advantage and reproduction to explain success – whether in biological or epistemological realms (see Hull et al 2001, for an elaboration). Our approach is derived in part from David Hull’s (1988) framework, and is further influenced by John Ziman’s evolutionary ecology of science (1994; 2000a).� We conceive of fit in three interrelated levels. The first is the most immediate relationship between a scientific theory and the objects it describes and explains. The second is the somewhat more extended sense of fit between a theory and its closest social context. This level includes factors such as the epistemological expectations of the relevant scientific community, which are so important to many sociologists of science. The third level of fit is the broader socio-economic environment, which impacts indirectly on scientific understanding and is always mediated through the scientific community. Despite the distal location of social forces, they have a selective impact on scientific processes and the knowledge they generate, operating especially (but not exclusively) via funding mechanisms. Powerful social influences fundamentally change the structures of science and their functions through the way science is financed, leading to the production of different forms and dimensions of knowledge. Consequently, the fitness of any particular body of scientific understanding is the result not only of a theory’s fit to nature, but also of its capacity to interact successfully with the wider social world so that ongoing reproduction is ensured. Scientific success, therefore, has to be assessed in relation to the social and scientific environment, through the interactions of scientists as they channel the social world through their funding into scientific activity. For elaboration, see our forthcoming paper, ‘Evolutionary epistemology, the ecology of science, and genomics’.


� To properly assess the environment, a full ecological analysis would be necessary, and this would require an adequate historical contextualization. As Triple Helix theorists and users are well aware, commercialization is not a new selective force operating on science (and other social institutions); its relative influence has, however, greatly increased in the last two decades.


� See, for example, Moreira & Lopez-Garcia (2002), der Staay et al (2001), and Lopez-Garcia et al (2001).





� As mentioned recently by Terry Shinn (2002), Triple Helix popularity is not indicated by citations to key texts (which have a low frequency of citation), but by the numbers of international meetings, the global spread of its research, and the large numbers of researchers and science policy advisors using the term ‘Triple Helix’ at least nominally.


� * refers to an unpaginated version of the text, accessed from the bibliography on Leydesdorff’s website <http://www.leydesdorff.net>





