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Abstract In this paper we argue that the incentive scheme faced by scientists induces them to promote their activity, by publishing on-line their workin-progress, by participating or by organizing meetings and so on. Such actions produce a huge amount of externalities that may make easier for others to deal with the same topics. Recognizing this influence, we present three game theoretic settings which aim to replicate some features of the research world, such as the separation between “common researchers” and “stars” or the ability of the latter to promote research on frontier topics. Journal of Economic Literature Classification Number: C72, C79, D62, O31 Keywords: externalities, academic research, nonatomic games
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Introduction



The primary goal of scientific activity is the production of knowledge. Most governments and firms spend a significant percentage of their budgets on scientific research (around 3%-5% of GDP in USA, UE and Japan, with the exception of Italy that devolves just 1%). The aim of governments in financing research is to foster the economic growth. The study of “knowledge”, intended as an economic good, starts with Arrow, 1962. He shows that (codified) knowledge is a public good. In fact, it can be transmitted and it can be reproduced without costs. After Arrow’s contribution, we have a first, but brief development of the “economics of science”. In this first period, studies were concerned only with the appropriability of the economic value of scientific research or with the valuation of the innovation positive externalities on social welfare. On the contrary, the “new economics of science” (where the leaders are David, Dasgupta and Stephan) is more concerned with specific features of the scientific community (i.e. the family of researchers and research centers) such as reputational mechanisms and remuneration systems as well as the creation and diﬀusion of knowledge within the community. In this paper, we present some features of the research world which produce a particular scheme of incentives for the researchers. We point out that this ∗ I would like to thank Giorgio Brunello, Giulio Codognato, Jean Frayssé, Mario Gilli, Piergiovanna Natale and Raﬀaella Tabacco for their encouragement and their help. † Correspondence: [email protected]
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incentive scheme induces externality-producing activities. Such externalities can be used to understand several other characteristics of the scientific world, related with the researchers’ topic choice. We will formalize this relationship by means of several game theoretic models. We shall see that an institution, spontaneously arisen in the scientific community, the so called priority rule, makes research a winner-take-all race. Only the first who reveals to the public a discovery, is rewarded. His colleagues recognize the paternity and cite him whenever they employ his results. Citation (computed through appropriate indices) is the main source of reputation: a large number of citations means that the author’s work has a great impact on the scientific debate. Reputation is the direct reward of the scientific activity. We shall see that it greatly determines the scientist’s career: the so called Matthew eﬀect is at work. Reputed researchers are enrolled at the top research centers, endowed with the best resources. Indeed, they are in the best position to make new important discoveries, increasing further their reputation and their influence. Reputation yields also economic benefits as well as social recognition. Notice that it is necessary to make the new discoveries known to an audience as large as possible to maximize their impact on the scientific community and, hence, the author’s reputation. We point out that, to get this result, researchers have to involve (and actually do) in a number of “marketing” activities: they put their papers on-line, they organize or participate to workshops, they cooperate with others and so on. The “openness degree” of any scientist has to be as high as possible. Our claim is that these marketing activities, in their complex, produce a large amount of externalities able to influence and sometimes to determine the individual’s choices of research. It may be simpler to work on a field dealt by many researchers, where a huge amount of information, ideas, advises, insights is daily produced. On the contrary, choosing a new or a marginal topic requires a more diﬃcult activity of information collection, literature screening, formalization eﬀort and so on. Therefore, such externalities may induce a concentration (clustering) of researchers over few topics. Furthermore, notice that some scientists may choose a particular topic even if it is not their preferred, whenever externalities are strong enough to make it the choice maximizing their reputation. Incidentally, these externalities, produced in an attempt to be visible, may be an explanation of the science evolution process through a sequence of paradigms (Kuhn, 1962) as well as of the, casually observed, fashions that characterize the scientific production at each date. Indeed, in both these phenomena, we may observe a fairly compact mass movement towards a given direction, or, in other words, a clustering of researchers over specific topics, methods and models. This result is directly and easily derivable from the literature on games with positive externalities (see, for instance, Konishi, Le Breton, and Weber, 1997b). But also competition plays a major role, given the priority rule. Working on a crowded field or topic requires a deep specialization to have the chance of a new discovery. On the contrary, working on a new issue may be profitable, although risky. However, the competition eﬀect does not cancel the externality pattern described, i.e. given the externalities, more popular topics present a comparative advantage. Competition eﬀect parallels the externality eﬀect, but it does not eradicates it. 2



In three game theoretic models at the end of the paper, we study the joint eﬀect of positive externalities and competition (intended as partial rivalry or as a negative externality, like, for instance, in Konishi, Le Breton, and Weber, 1997a). Separation (or segregation) between common researchers and stars can be an equilibrium in game theoretic settings which include both positive externalities and competition (diﬀerently from what one may guess by taking into account only positive externalities). Nevertheless, within a diﬀerent formalization (see section 8.3), the former eﬀect may more than oﬀset the second, leading our two groups to study the same issues. However, despite the variety of outcomes, individual decision is always a resultant of social interaction. Such interaction probably varies across fields, countries or even across universities. Therefore, diﬀerent formalizations are useful to explain diﬀerent contexts: what remains constant is that individual decisions are not independent. A final note is worth to point out: although many concepts, among those mentioned, apply to the whole science world, our analysis is, at least partially, “economics specific”, and the reader will easily recognize this perspective. Our paper is organized as follows. Section 2 briefly mentions empirical results on the scientists’ productivity (the so called Lotka law ). Sections 3 and 4 analyze respectively the priority rule and the Matthew eﬀect. Sections 5 and 6 are devoted to the citation indices and to the consequences of their use. Section 7 points out the nature and role of positive externalities in research (and of competition among researchers). Section 8 contains a set of game theoretical settings, diﬀerently formalizing the joint action of externalities and competition. Section 9 concludes.
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The Lotka law.



Empirical studies show that most scientific production is due to a small number of researchers. Just a six percent of scientists writes half of the published papers (Lotka, 1926). This phenomenon is generalized in all fields and at diﬀerent times (Price, 1986). It seems a consequence of an uneven skills distribution, i.e. there are few people very endowed that carry on the scientific progress and a large majority of researchers fairly good but not very productive. However, the incentive and reward schemes of the science world may strengthen the skewness of the publication distribution on the authors. Moreover, “scientific productivity is not only characterized by extreme inequality at a point in time; it is also characterized by increasing inequality over the careers of a cohort of scientists, suggesting that at least some of the processes at work are state dependent (Stephan, 1996)”.
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Priority Rule.



Sociologists were the first to study the rewarding systems within the scientific community. Merton (Merton, 1957; Merton, 1968; Merton, 1969; Merton, 1973) shows that the goal of scientists is to establish the priority of a discovery by being the first to communicate an advancement in knowledge. The scientist’s reward is the recognition, awarded by the scientific community, for being the first to establish a new concept, a new method or a new



3



result. The paternity of a discovery represents the prize in a race where the winner takes all. Generally, there is not a second prize for a scientist who is working on the same field, finds the same result, uses the same techniques... but, unfortunately, publishes his work after the first finder. Priority rule is a device to manage the moral hazard issues connected with the research activity. Given the fact that knowledge is a public good, it is not possible to establish, with certainty, the origin of a work, whose content has been already published. The easiest way to avoid any problem of asymmetric information is, then, to reward just the first finder, rather than to adopt prohibitively costly monitoring system. Moreover, from a social welfare perspective, “there is no value added when the same discovery is made a second, third or fourth time (Dasgupta and Maskin, 1987)”. Hence, priority rule is very eﬀective because it gives maximum incentive to researchers, since only spending all their potential eﬀort on research, they maximize the probability to be the first and to obtain the reward. The same system works in the (very similar) domain of the patent race: a patent is granted only to the first inventor. The return to a patent is essentially economic, because it gives the exclusive right to use the protected innovation with the possibility of monopolistic rents. In fundamental or pure research (which we consider here) the main return of a discovery is the publication on a reputed journal. A scientist, after the article draft (and sometimes even before the complete drawing up), sends it to one or more journals, to establish the priority. Here the referee process is a first and determinant judgement of scientific community about the quality and the correctness of the contribution. Once published, the whole scientific community gives the second and, often continuous, judgement, through citations, strengthening or attacking its content. Notice that the incentive to publish, determined by the priority rule, has two additional social benefits. “First [...] it rises the social value of knowledge by lowering the chance that it will reside with persons and groups who lack the resource and the ability to exploit it. Second, disclosure enables peer groups to screen and evaluate new findings. The result is a new finding containing a smaller margin of error (Dasgupta and David, 1987)”. Two more remarks are also in order: first, applied research works diﬀerently. The main goal is to transform the finding in monopolistic rents (Dasgupta and David, 1987) and so it can be profitable not to publish the discovery before having obtained a patent. In applied research there may also be some practical diﬃculties to implement a finding simply seeing its application in the competitors’ product. This gives to the first innovator a lag of time where he can act as monopolist de facto (Denicolo’ and Franzoni, 1999). The second remark is that, having no rewards, the second and the subsequent researchers receive nothing for their eﬀorts: the used resources are wasted (problem of duplication of research eﬀort: Dasgupta and David, 1987) and the risk in the research profession is very high (problem of scientist wage: Stephan, 1996). The system of priority establishment, publication and citations assigns to each researcher a certain level of reputation. The aim of each researcher is to maximize his reputation, although, sometimes, the solution of the “puzzle” per se may be a suﬃcient motivation. Reputation is the source of social recognition and of economic advantages. Moreover, it is also a fundamental determinant for 4



carrying over new important researches.
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The “Matthew eﬀect”.



Many authors studied the life-cycle productivity of researchers (Levin and Stephan, 1991; Combes and Linnemer, 1999; Arora, David, and Gambardella, 1997; among others) and have shown that only few people are very productive during their life. On the other hand, there is a very large majority of researchers that remain unproductive. This is due not only to an uneven skills distribution, but also to the prevailing reward system. Reputed researchers obtain the possibility to be appointed in famous research centers. These centers are famous because in their past and in their present have collected the best researchers. They have access to many resources from public and private sources, because they have a high probability of success in new researches. In this environment, the enrolled scientists have the means to be more and more productive because they can take advantage of the best technology, the best assistants and the best administrative organization. The contrary is generally true for those who have not been able to emerge. This is the so called “Matthew eﬀect” as christianized by R.K. Merton1 . Such a system is path dependent, starting-point dependent and self reinforcing. In fact the higher the reputation acquired through the early works, the higher the possibility of having success in the subsequent ones. However, empirical studies (Levin and Stephan, 1991) show that there is (on average) a decline in productivity over the life-cycle, that is, scientists produce less as they age. A rationale for this phenomenon is that, once reached a certain reputation level and a certain social position, incentives to research are less present. A contrasting evidence comes from the Arora, David, and Gambardella, 1997, paper where the authors try and estimate a sort of science production function. The result is that for the high reputed scientist the elasticity of output to employed resources approaches the unity, while, on average, this elasticity is around 0,6. Even if this is a static analysis, it is possible to see the Matthew eﬀect at work: “past performance, by aﬀecting the scientific competence and professional reputation of the researchers [...], will be related to future performance. In addition to a direct competence-based eﬀect, past performance may have two indirect eﬀects on research output. First, units with better past records are more likely to be successful in getting research grants. Second, knowing this, they will invest in applying for larger grants. (Arora, David, and Gambardella, 1997)”. A practice adopted to limit the Matthew eﬀect or to use the reputation of a star to advantage a whole research group, is that of co-opting a star in a research center and to allow as many collaborations as possible between the previous center members and the new comer. In such a way not only proximity 1 This name comes from the New Testament according to S. Matthew: ”for unto everyone that hath shall be given, and he shall have abundance; but [...] from him hath not shall be taken away even that which hath” (Matthew 13:12 and 25:29)
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helps the group to acquire new methods or new ideas, but the common practice of co-authorship allows to improve the reputation indices of anyone and therefore of the research center as a whole. For this reason, there can be a competition between research centers to attract a star. The weapons of this war are not only the amount paid to the star, but, mostly, the kind of organization present in the center, the administrative facilities, the endowment quality and so on (Rychen and Soubeyran, 1999).
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Citation indices.



In this section we consider more in depth the role of citation system in assessing the researcher’s reputation and how it is possible to build a reputation measure, an index based on citation. In particular, we focus on the eﬀects of its use on the individual incentives. When an article is published in a journal, it is supposed having passed the exam of the referees and so the scientific community can assume it adds something to the knowledge stock, it is coherent, logic, correct at least at a normal check. By now, this article is a part of knowledge and can be used for further developments. The majority of the criticisms is mostly on the employed hypothesis. In any case, either to criticize or to apply a work of others, it is necessary to cite the author. This institution has been developed inside the scientific community to correctly reward the authors participation to the knowledge progress. Indeed, citation (in connection with the priority rule) is eﬃcient because it allows to internalize all externalities connected to research. By citing other authors, the credibility of a paper increases and, on the other hand, the citation process increases the reputation of the cited first finder (Stephan, 1996; Levin and Stephan, 1991). Indeed, this system is self reinforcing and stable because all participants have incentive to cite. An index to measure the researcher’s reputation and participation to the scientific debate can be based on the number of citations an author obtains. The sum of all these citations represents the simplest citation index. The rationale behind such an index rests on two simple hypotheses: a) the work, if cited, is suﬃciently visible and induces a researcher to refer to it; b) the work, if cited, has an influence, more generally an impact over the knowledge production (Callon, Courtial, and Penan, 1993). Therefore, a citation index is a measure of the impact that an author and his activity have on the scientific community, and not directly a measure of the quality of the author’s work. This method of evaluation seems simple and powerful because it takes into some account the relevance of a research activity and not only quantitative aspects (such as the number of pages published). However, several diﬃculties arise when one tries to build this index as well reported in MacRoberts and MacRoberts, 19962 . 2 Here



are some of the critical issues arising in the citation index use.
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Remark that the construction of these indices and the custom to refer to the works or to the theories employing the name of the first author determine the way to order the authors names in a front of a paper. Engers, Gans, Grant, and King, 1999, show that the alphabetical ordering is an equilibrium of a game where the authors try to maximize their payoﬀ in terms of reputation giving signals about their contribution (eventually in a strategic way)3 .
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Importance of citation indices.



Many institutions, as university departments, base the rewards or the career advancement of their members on these indices. Tuckman and Leahey, 1975, establish the value of an article in monetary terms for its author(s). This value derives from direct salary increments, promotion-related salary increments and career-related option eﬀects. In the Seventies, the value of an article varied from around 12.000 dollars for an assistant professor to 7.000 dollars for a full professors. These figures are useful to demonstrate the high importance of reputation indices on researchers’ careers and to highlight how this system of rewards aﬀects mostly the younger researchers. Nevertheless, in general, all the reputation measures tend to be unfavorable for the younger, because they find more diﬃculties to impose themselves to the attention of the scientific community. Given the importance of such indices, it is plausible that a researcher wants to maximize them rather than other variables, i.e., work quality, originality, relevance etc. Clearly the two strategies are not incompatible, because the former are a sort of proxy for the latter. Since citation indices represent the impact of a finding, an agent maximizing them has diﬀerent available actions. We limit our attention to the non pathological. First, he should choose a topic in the core of the debate, obviously within the limits of his formation and of his preferences. Second, he should send his i) Authors do not cite all their references and in many fields the references coverage is only 30% of the actual utilization of external sources. ii) There is a bias on citation, because “some influences were almost always credited correctly while others were either not credited or credited to someone else ” (ibidem ). This is the case of the methodological article or the survey ones. iii) Often a relevant share (for instance, 38% in the sample analyzed by MacRoberts) of citation is second source, that is the authors credit findings or ideas to other users rather than to the real discoverers. iv) Informal influences are not cited: informal interactions are always present in the research centers or in the universities, where contacts between scientists are continuous. v) Another problem is the role of citation in the strategy of authors: “No longer can we naively assume that authors cite only noteworthy pieces in a positive manner. Authors are revealed to be advocates of their own points of view who utilize previous literature in a calculated attempt to self-justify ( Brooks, 1985)”. In other words citing is a complex socialpsychological behavior. vi) Self-citation is often excessive (strategic behavior). vii) There is a first author privilege because often citations data-bases contain only the name of the first author (this is the case of the International Citation Index). viii) Citation rates vary with disciplines, nationality, time period and size and type of speciality; ix) It is necessary to normalize the reputation index to take in account the audience size of a given discover. 3 This paper shows also that this noncooperative equilibrium leads to a lower quality than the social optimal level and than that would be achieved if coauthors were forced to use name ordering to signal relative contribution.
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paper to a journal with a large audience to maximize the probability of being read. Third, he should participate to as many seminars as possible to present his work and to make it known and, maybe, activate himself to organize meetings. Fourth, choosing to work with a reputed colleague can help his success, and so on. Obviously, all these actions presume that the work quality is suﬃciently good. However, it is interesting to notice how this kind of indices enlarges the set of actions and activities relevant to improve the own reputation. While publication indices have mainly an eﬀect on the research quality (whenever they give high weight to papers accepted by top journals), citation ones require some marketing actions, because what really matters is the impact dimension. Authors are stimulated to signal their activity to the scientific community producing an increasing information stream about the works-in-progress at a given time. This increased information can lead some authors to work together or to exchange ideas or solutions (as often happens in the workshops). Thus, some positive externalities arise or strengthen. Nevertheless, there is a trade-oﬀ between research and marketing activities, because both are time spending. In other words, they are complementary factors of the reputation production function. There is an optimal mix that should be found. Note that, if we are interested in maximizing the number of new discoveries in the society, we will have to balance the externalities value with the time spent to produce them: each scientist devotes less time to research, but makes easier the others’ task. Hence, since externalities increase the productivity of the research, their optimal level is, likely, positive. Nevertheless, since individuals maximize their reputation rather than the number of new findings, the actual quantity of spillovers may be too high, i.e., too much time is devoted to marketing activities.
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Research features and externalities.



Everyone can observe that some research topics are more analyzed and dealt with than others. Moreover, we can see that the number of articles on certain topics fluctuates over time. Not only topics and fields are subject to these dynamics, but also the way to formalize, the used tools, the kind of hypotheses and assumptions vary. We can consider these fluctuations as fashions, exactly as in completely diﬀerent domains. Part of this variance can be explained by the paradigm argument of Kuhn, 1962. At a certain point, the scientific community agrees upon a method of work or an interpretation. Some basic ideas are defined and set the background. Many researchers and many articles deal with or use them. For a while, the knowledge evolution is continuous and smooth. From a certain point on, more and more authors begin to be unsatisfied with the previous and recognized paradigm. An increasing number of critical articles appears and finally a new paradigm imposes itself. Generally, only some research leaders with a high reputation can start the process. Actually, it can be diﬃcult to get over the tradition and it is simpler for a star to attract the attention of the scientific community. After the star, some members of his entourage publish something along the same lines, some reputed but not top researchers support this new view and finally, if the case,
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the mass of scholars accepts the new paradigm and write about it. This process can be more or less rapid, but usually it takes years. However, this is not the end of the story. Now, consider the behavior of the researchers’ mass, when some paradigms or some topics are already defined by the stars. It is the very movement of the mass which causes a fashion to arise: indeed, it happens that a huge number of researchers moves towards a particular problem simultaneously, by changing field of studies, by suspending previous research to switch towards new topics, by proposing a particular subject for the Ph.D. students. Individuals are the same, with constant abilities, skills and opinions, but, an apparently sudden movement is observed is the research world. Our explanation of this phenomenon, indeed, will be similar to that of Karni and Schmeidler, 1990, since fashions arise without a change in individual preferences. We claim that a determinant for such phenomenon are the externalities that arise when any individual tries and maximizes the impact of his contribution. Crucially, we suppose that a kind of citation index is commonly used to assess the researchers’ reputation and that career chances, research opportunities and peer recognition depend on it. We have mentioned that many actions are useful to enlarge the impact of a research on the scientific community. In particular, some “marketing” activities are valuable, such as workshop organization, on-line publication of papers, participation to several and diﬀerent meetings. Incidentally, note that “Thirty years ago most economists would not hear about new research until it was published in journals. Now, with widely available working paper series and web sites, journals may be less in the business of disseminating information and more in the business of certifying the quality of papers. (Ellison, 2002, p. 981)”. Such activities increase the natural positive externalities between researchers who work on the same topic, making, respectively, research easier and publication likelier. Research is easier because a mass of literature, methods, hints and suggestions is available. Moreover, making available any sort of materials (data, proceedings of meetings, working papers) is, now, quite customary for any researcher who is working on a topic. Publication is likelier because a topic dealt with by a large mass of researchers has also a large audience. In addition, the possibility of co-authorship is increased, being co-authorship either a way to formalize a cooperation or a good strategy to increase the individual scientific production. In 1970s only 30% of the articles in AER, JPE, QJE, RSE and Econometrica were coauthored. In the 1990s about 60% were coauthored (Ellison, 2002, Hudson, 1996). Now, not only the priority rule pushes towards a rapid publication (not necessary on scientific journals) of the new results, but the goal of maximizing the impact makes necessary to inform in a more personalized and punctual way. First drafts are sent to reputed researchers as well as to selected colleagues, in order to make them directly acquainted, rather than limiting only to impersonal and quite untargeted media. When researchers take into account the Matthew eﬀect they have to acknowledge even more importance, firstly, to informational activities and, secondly, to cooperation. Being the career path-dependent, the present value of a paper embodies the value of the future opportunities that it will disclose. Therefore, the Matthew eﬀect itself reinforces the externalities between researchers. Dealing with a topic studied by many scholars, with a number of papers al9



ready published, allows a researcher to benefit of a huge amount of externalities, even if, of course, he has to specialize on a particular aspect in order to limit the competition induced by the priority rule. Competition is an other important aspect: it can be formalized as a game with partial rivalry, à la Konishi, Le Breton, and Weber, 1997a, i.e. as a game where player i’s payoﬀ is a decreasing function of the number of opponents playing his same strategy. Therefore, competition is representable as a negative externality among players, which pushes individuals to distribute evenly on the alternatives space. As mentioned, the priority rule makes research a winner-takes-all setting. Hence the probability to win the race decreases with the number of participants. However, weak competitors working on a crowded topic suﬀer much more than reputed scientists, because the latter, of course, may have better skills, but also they are endowed of better resources, better assistants and a better organization of their time, since they normally belong to the best centers. Competition and positive externalities works in opposite directions and partially oﬀset each other. A priori one can not say which eﬀect will dominate. Moreover, their eﬀect depend on the researcher’s “goodness”. Competition affects more a common researcher than a star. On the other hand, a star has a larger positive influence on a given topic. We will study these issues in the next section.
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Strategic behaviors in research.



It should be clear that the very basic features of the research world induce individuals to produce an amount of externalities much higher than those due to the spontaneous and structural research exchange. The clear eﬀect of these externalities is the concentration of the agents on few and well defined topics. This outcome is typical in the so called games with positive externalities studied in Konishi, Le Breton, and Weber, 1997b, in a N-players setting. Players payoﬀ depends positively on the number of opponents which chooses the same strategy. Strategic interaction is “anonymous” because what matters is how many and not who chooses a given action. In what follows we present three game theoretic frameworks weakening both the N-players and the anonymity assumptions. On one hand, we deal with a continuum of individuals, a hypothesis which makes strategic interaction absolutely weak: any player is negligible, his choice is irrelevant for his opponents’ payoﬀ. On the other hand, we recognize that there exist some researchers having a larger impact on the profession, the so called stars. Hence, we split the players set into two segments of diﬀerent size and we assume that aggregate choices of players belonging to either segment have diﬀerent impacts on the payoﬀs. We specify this point more extensively case by case. Notice that, however, the continuity assumption is maintained also for the stars. Therefore, each of them is still negligible. What matters is that their aggregate influence is stronger than the common researchers’ influence. Therefore, the former have not to be intended as the few recognized leaders of a given field who, rather, define the possible topics, or the alternatives set in our game theoretic language. The stars we consider are simply the more productive and the more reputed part of the scientific community: the definition of their set
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length is thus arbitrary. Now, we are ready to present diﬀerent game theoretic settings that deal with the network externalities arising in the research world. The first model (Xenophobia) and the second (Willingness of Separation) consider the possibility of strong separation between stars and common researchers. The last model (The Planet of the Gods) assumes that stars produce positive externalities, while competition prevails among common researchers, reducing the returns from working on a “crowded” topic.



8.1



Xenophobia.



There are two groups of researchers, common researchers and stars. Empirical studies show that only 6% of authors produces half of the articles (Lotka, 1926) and, moreover, it also produces the greatest share of the papers having the highest impact (Combes and Linnemer, 1999). We suppose that agents compete to maximize an index of reputation, say an index of citation. Although large positive network externalities exist, it is quite common to observe that in many fields there is a separation in the scientific community: stars and common researchers tend to work on separate topics. We argue that a rationale for this issue is that it is easier to benefit from the externalities or from the cooperation of members belonging to the same group, and, on the contrary, it is more diﬃcult to find help from members of the other group. This is because stars may prefer to meet and cooperate within the stars’ set, to avoid the possibility that common researches act as free riders. Moreover, it is plausible that co-working with another star is more valuable, in terms of results quality, time cost, reputation, than with a common researcher. Note that in this section we mainly point our attention to the externalities deriving from direct cooperation (either formalized by a co-authorship or informal), rather than to the externalities due to the availability of literature and seminars. Now, let us formalize these ideas in a simple way, as nonatomic game with limited anonymity, as formalized in Rath, 1992, and in Rocco, 2002. Consider a set of players T = [0, γ]∪]γ, 1] where the former interval represents the common researchers (group 1) and the latter the stars (group 2). The set of topics is binary or E = {e1 , e2 } where e1 = (1, 0) and e2 = (0, 1) are the unit vectors of  β 1 and α2 < β 2 . Finally, sji is the measure of the subset of the group j dealing with the topic i. Such a formulation capture the idea that working on the same topic as others is more valuable and that such externalities are more easily enjoyable if they come from the same group. Therefore, a common researcher gets help from those studying on his topic, but the influence of the other common researchers is higher than the influence of the stars. Notice also that the scholars working on a diﬀerent topic are uninfluential. The best reply function has the following form for both groups j = {1, 2} ½ e1 if αj s11 + β j s21 ≥ αj s12 + β j s22 Bj (s1 , s2 ) = (1) e2 otherwise 11



In other words, group j prefers e1 for all the pairs (s1 , s2 ) above the straight line βj γ(αj − β j ) + β j (2) s11 = − s21 + αj 2αj γ This is a family of lines centered on ( 1−γ 2 , 2 ) and with negative slope belonging to the interval [0, −∞), given the possible values of αj and β j . It is clear that all the lines associated with the group 2 are more sloped, in absolute value, than those associated with the group 1. Look at the following picture and notice that each point can be thought as a 4-tuple (s11 , s12 , s21 , s22 ) where s12 = γ − s11 and s22 = (1 − γ) − s21 :
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A representation of the Best Reply functions of stars (line EG) and common researchers (line HF)



All the pairs (s1 , s2 ) in the area EOFB are such that both groups prefer the alternative e1 . Therefore the unique fixed point for this region is the point B. Indeed the best response to the point B is B. Symmetrically, all the pairs (s1 , s2 ) in the area HOGD lead both groups to choose the alternative e2 and the unique fixed point is D. In the region HOEA, group 1 prefers e1 but group 2 prefers e2 . The only possible fixed point is A and this represents the separation equilibrium. Nonetheless, such equilibrium exists only under some conditions that we wish briefly discuss below. The last region is GOFC, where the unique fixed point is C, which also exists under the same condition for A. The existence of the fixed points C and A depends on the parameters. If γ ≥ 12 , we need that γ(α2 + β 2 ) ≤ β 2 . This condition is verified when β 2 >> α2 , i.e. when a star finds much more valuable working with other stars than with common researchers. Symmetrically, if γ < 12 , we need that α1 >> β 1 or that a common researcher finds much more valuable working with others common researches than with stars. Therefore, the separation equilibria exist if
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the stars’ “xenophobia” is high enough, i.e. if they operate in such a way that the produced externalities only marginally benefit the common researchers. However, this conclusion is very weak, since the pooling equilibria always exist, independently of the degree of “xenophobia”. However a suﬃciently high degree of “xenophobia” may lead to separation (or segregation) equilibria. In conclusion allowing for limited anonymity (i.e. introducing two groups of players) and assuming diﬀerential influences among groups yields a richer outcome set (pooling or separating rather than only pooling equilibria): this is because limited anonymity and positive externalities play in opposite directions. The diﬀerential influences increase separation between groups, making individual decisions more and more dependent on the aggregate action of his peers.



8.2



Willingness of separation.



Sometimes, one observes communities of researchers avoiding the comparison with others, especially with stars. They organize a self-referential circle, impermeable enough, that allows them to make research and publish on topics, say, reserved. Such a practice allows a researcher to get a certain reputation (and so a certain utility) recognized within the circle, also if, in absolute value, the quality or the interest is low. The circle may also edit a journal that publishes its activities. Such a system may survive if the stars do not write on the reserved topic and do not submit their papers to the circle’s journal. Let us formalize such ideas. The set of players is T = [0, γ]∪]γ, 1], with the same interpretation of the previous subsection, the alternatives are E = {e1 , e2 } and the payoﬀ functions are uj (ei , s1 , s2 ) = πji (s11 , s22 )Pi (s1i , s2i ) where the subscript j is for the groups and the subscript i for the alternatives. Let π ji (·) represent the probability to publish in the journal specialized on the topic i, for the group j. Finally, Pi (·) represents the reputation of the journal i (and so the reputation a researcher obtains by publishing in it). The journal reputation is a function of the number of common researchers and stars that publish in its pages. We make the following specifications. A researcher of group 1 faces a probability π1i (s1i , s2i ) to publish on topic i increasing with the number of members of his group that studies the same topic s1i and decreasing with the number of stars working on i, s2i . On the contrary, the stars enjoy from the externalities produced by both groups and their probability to publish π2i (s1i , s2i ) is increasing on both arguments. However, stars’ influence is more important and in particular π2i (γ, 0) < π 2i (0, 1 − γ). We also assume that π 1i (0, 1 − γ) = 0. There exist two journals and each one publishes a diﬀerent topic. The reputation of the journal, Pi , depends negatively on the number of common researchers and positively on the number of stars that publish on it, i.e. Pi (s1i , s2i ) decreases in s1i and increases in s2i . Moreover we assume Pi (s1i , s2i ) > 0 ∀i, s1i , s2i and Pi (γ, 0) low enough. The payoﬀ of each researcher depends on the expected reputation he receives from publishing in a journal. Let us now find the equilibrium set of the game. The following separating allocations are equilibria: all common researchers write on topic i and all the stars write on topic i0 6= i. In fact, the corresponding 13



conditions



½ π1i (γ, 0)Pi (γ, 0) ≥ π 1i0 (0, 1 − γ)Pi0 (0, 1 − γ) π2i (γ, 0)Pi (γ, 0) ≤ π 2i0 (0, 1 − γ)Pi0 (0, 1 − γ)



(3)



are verified. Thus common researchers close themselves into a circle that deals only with topic i, published in journal i. Stars find not convenient to research on such a topic because of the low standing of the corresponding journal. In other words, common researchers prevent competition, by lowering the reputation the stars can get. Furthermore, from the common researchers perspective, probability to publish on i is maximum while probability to publish on i0 is minimum. Hence, we have endogenously established a rank of diﬃculties (at least in terms of publication) among alternatives, without making any assumption on them. In fact, the whole set of hypothesis refers to researchers characteristics. Moreover we have also determined a rank of interest if we accept the idea that reputation of a journal and interest of its papers are related. These results depend only on the strategic behavior of individuals with diﬀerent abilities. In fact, alternatives per se are equally valuable, interesting and promising. Such fully separating equilibria always exist but in general are not unique. There may be equilibria, whose existence depend on the form of πji and are therefore non robust, where both groups distribute on the two topics. In this case, the conditions should be ½ π 1i (s1i , s2i )Pi (s1i , s2i ) = π1i0 (s1i0 , s2i0 )Pi0 (s1i0 , s2i0 ) (4) π 2i (s1i , s2i )Pi (s1i , s2i ) = π 2i0 (s1i0 , s2i0 )P2 (s1i0 , s2i0 ) There may be a solution of the (4) because the planes R1 (s11 , s22 ) =



π 1i (s1i ,s2i ) π 1i0 (s1i0 ,s2i0 ) and



(s1i ,s2i ) R2 (s11 , s22 ) = ππ2i0 (s may have an intersection (at least if πji are contin2i 1i0 ,s2i0 ) uous functions). In fact R1 (γ, 1 − γ) → ∞, R1 (0, 0) = 0 while R2 (γ, 1 − γ) > 0 and R2 (0, 0) > 0. In such equilibria, common researchers and stars should be indiﬀerent between topics and between publishing on either journal. Notice that any other allocation is not an equilibrium because when indiﬀerence is broken, homogeneity among groups implies that all individuals reply in the same way and the unique fixed point is that of fully separation.



8.3



The planet of the Gods.



Here we present a setting where the payoﬀ of group 1 depends negatively on the number of its members writing on the same topic and positively on the number of the stars. This captures the fact that a stronger competition reduces the possibility of publishing, but the presence of stars on a topic increases its interest. On the other hand, smart researchers are interested only in their own distribution and do not worry about group 1 decisions: the stars influence but they are not aﬀected by the common researchers’ choices. We also postulate that the alternatives are ordered by an exogenous degree of diﬃculty and interest represented by the probability to discover something (a low probability stays for an higher interest of the discovery). The formal setting is:
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T = [0, γ]∪]γ, 1] is the set of the players E = {e1 , ..., en } is the set of the alternatives or of the topics. The payoﬀ functions are u1 (ei , s1 , s2 ) = π 1i P (s1i , s2i ) ∀t ∈ [0, γ] and u2 (ei , s1 , s2 ) = π 2i R(s2i ) ∀t ∈]γ, 1]. We assume that Ps1i < 0, Ps2i > 0 and Rs2 > 0. The probabilities πji are such that π11 < ... < π 1n and π 21 < ... < π 2n and finally π 1i < π 2i ∀i ∈ {1, ..., n}. Indeed, the stars’ ability and talent are represented by an advantage in terms of probability to discover something. Moreover, we assume that π1i P (0, s2i ) ≥ π1j P (s1j , s2j ) ∀j, s1j , s2j . This assumption means that for a common researcher is always preferable a topic where no other common researchers work. Therefore the only equilibrium distribution of common researchers is one where all topics are covered. Indeed, the equilibrium condition is π 11 P (s11 , s21 ) = ... = π 1n P (s1n , s2n )



(5)



On the other hand, stars are unaﬀected by group 1 and a necessary condition for an equilibrium is either s2i > s2j for any j > i or s2i = 0. Let us now specify ©the functions to find a closed form equilibrium. Π if s1i =0 Let P (s1i , s2i ) = αs and R(s2i ) = s2i . Let Π be large 2i −βs1i otherwise enough to satisfy the condition on π 1i P (0, s2i ). Moreover we impose that π 2i = (1+δ)π 1i with δ > 0. We consider only the equilibria were the stars’ group allocates itself over the first m topics and, following the necessary condition, in a decreasing way. Notice that, contrary to the requirements of the theorem of existence in Rocco, 2002, and Rath, 1992, P (·, ·) is not always continuous. However, its discontinuity is very special and it does not prejudge equilibrium existence. The common researchers’ equilibrium condition, given the distribution of the stars, is π 11 (αs21 − βs11 ) = ... = π 1m (αs2m − βs1m ) = π 1m+1 (−βs1m+1 ) = ... = π 1n (−βs1n ) Rearranging, for i ∈ {1, m − 1} the chain of equalities gives s1i+1 =



π 1i α π1i s1i − ( s2i − s2i+1 ) π 1i+i β π 1i+i



For i ∈ {m + 1, n} we have: s1i+1 =



π 1i s1i π1i+i



and for i = m + 1 we have: s1i =



π1m α π 1m s1m − s2m π 1i β π1i



Now we compute the distribution of the group 2, the stars. The equilibrium condition is π1i (1 + δ)s2i = π1i+1 (1 + δ)s2i+1 for all i ∈ {1, m − 1} By the chain of equalities we obtain simply π11 s21 for i ∈ {1, m} s2i = π 1i 15



and s2i = 0 for i ∈ {m + 1, n} This distribution is part of an equilibrium if s2i ≥ 0 and if By simple computations, we obtain that s21 = where A =



m P



i=1



1 π 1i



n P



i=1



s2i = 1 − γ.



1−γ >0 π 11 A



and all conditions are verified.



Now, come back to the group 1 distribution. By substituting for s2i , by summing all the diﬀerent s1i , and by imposing the equality to γ, we obtain s11 = n P



where B =



i=m+1



1 π 1i .



B γ+α β (1 − γ) A



π 11 (A + B)



>0



We have only to check that s1m+1 ≥ 0, i.e., the



number of researchers in the first alternative without stars is positive: this is suﬃcient to guarantee the positivity of all the s1i for i ∈ {m + 2, n}. Such α condition is verified for γ > α+β or if the dimension of group 1 is large enough. In conclusion, the equilibrium of this game can be represented as in the following picture.



s ji



s 1i



s 2i



1



m



n



T opic



A representation of the equilibrium distribution.



The distribution of both groups over the alternatives is decreasing, with a higher concentration over the more diﬃcult or interesting topics. This feature is completely explained by the stars’ distribution eﬀect that more than compensates the competition eﬀect, summarized in the condition Ps1i < 0. Therefore 16



stars have a beneficial influence on the whole research world, pushing common researchers towards diﬃcult (and interesting) topics where a huge eﬀort is required to get any advancement, even if the latter would prefer to distribute over all (hard and easy) topics (to suﬀer from a lower competition), comparatively preferring the easiest alternatives. This model represents a situation far diﬀerent from that in the previous subsection. Here, strategic interaction leads stars and common researchers to deal, on majority, with the same topics. There, the groups were separated. The reason is that, now, we have exogenously imposed a rank of diﬃculty which implies that the stars’ equilibrium condition by itself pushes towards the hardest alternatives. Moreover, stars’ influence is only positive (by increasing P (·) while probabilities remain unchanged) and it is suﬃcient to compensate common researchers for a higher intra-group competition. Further researchers are necessary to assess what hypothesis fits better reality. Luckily, casual observations seem to suggests that, on average, the research community is quite integrated and knowledge constantly progresses also in complex fields.
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Conclusions



Our goal in this paper is to show that some basic features of the economics of science (priority rule, Matthew eﬀect, wide use of citation indices) lead researchers to produce a huge amount of externalities. This is because they perform a number of activities whose primary object is to make their work known to the community. And this is necessary to establish priority and to improve their own citation index, a tool often used to measure the relevance of their research. On the basis of this index, academic or, in general, research institutions decide the career steps of their members. We have just mentioned what these activities are: on-line publication of working papers and even first drafts, or organization and participation to meetings and seminars. For a number of reasons (among them availability of information technologies and low costs of travels), in the recent years there has been a true explosion in the number of working papers series, in the amount of information available on internet and in the number of meetings and conferences. Thereafter, we have proposed three simple game theoretic frameworks, each of them has emphasized a particular eﬀect of the externalities on the individuals’ payoﬀs. The first one has focused on the diﬀerential impact of the externalities produced by the so called common researchers and by the stars. We have supposed that stars tray to avoid direct cooperation with common researchers, preferring to work with other stars. We have shown that a complete separation between the two classes of researchers is a possible equilibrium of the game: common researchers and stars deal with diﬀerent topics. The second model has emphasized the competition eﬀect of the stars on the common researches. The former decrease the latter’s probability to publish on their same subject and, simultaneously, increase its “importance”. On the contrary, the positive eﬀect of externalities produced intra group is maintained. We have shown that, once more, complete separation between researchers’ groups is an equilibrium.
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Finally, the third model has introduced competition among common researchers and a positive externality generated by stars. Keeping stars interested only in what other stars do, we have got that, in equilibrium, both groups distribute among the topics in a similar way. In other words, both can work on the same issues. This is because, under quite general conditions, the stars’ positive externalities more than oﬀset the negative eﬀect of competition among common researchers. Further researches are necessary to assess what eﬀect really prevails between positive externalities, deriving from the mentioned marketing activities, and competition, which increases with the number of researchers working on the same subject. Nevertheless, we are convinced that externalities represent an important perspective to explain some features of the research world, such as cycles in the interest of a given topic, diﬀerential development of several fields and also, in part, the Lotka low that seems to prevail in science.
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