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dynamics and conclude that the conclusions commdetiwed from invisible hand models
about the distribution of labour in science are rulitust against changes in the number of

standards.
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1. Introduction

This paper presents a model of the dynamics ohsteactivity. An understanding of the
division of labour in science might contribute tmma effective research policy and better
institutional design. Moreover it can clarify a nib@en of more general questions concerning
scientific knowledge, the product cognitive labowhy does knowledge tend to cluster? Is
dissent irrational, and if so, why is disagreemarpersistent feature of science? Why do
scientists sometimes refuse to update their behf#itsr being confronted with conflicting

evidence?

More specifically, scientific activity exhibits aumber of puzzling features which the model
will need to explain. On the one hand, dissent disdussion seems to be omnipresent in
science. But it has been argued that there is an gnowing body of scientific results on
which a consensus is formed; and for some it sesmlysa matter of time until all dissent will
have disappeared. “The positive argument for [coyest] realism is that it is the only
philosophy that doesn't make the success of sciamo@acle” (Puthnam 1975, 73). But then
again, Larry Laudan (1981) put forward the pesdimisneta-induction argument: he
compiled a long list of once successful theoriesctvtare now ridiculed by the scientific
community. In sum, a powerful model of the dynanatscientific activity has to provide an
account of three aspects of science that seentuliffio reconcile: the existence of dissent,
the emergence of consensus and the dissolutidmabfconsensus. This is a tough challenge,
as Larry Laudan himself noted: “[S]tudents of thevelopment of science, whether
sociologists or philosophers, have alternately @ewoccupied with explaining consensus in
science or with highlighting disagreement and djeece. [...] neither approach has shown
itself to have the explanatory resources to detd tath.” (Laudan 1984, 2)

This paper discusses a number of models that lades wp this challenge and presents a new
model. More specifically, in section 2 invisiblenftamodels of the distribution of labour are
discussed and shown to provide a satisfactory egfitan of a community characterised by 1
standard. Section 3 lays out a model which germmslihis approach to J standards. Invisible
hand models are a limiting case of this more gémaaalel. Section 4 formalises this model
and presents several simulations to illustratelyisamics. Finally, section 5 argues that the
conclusions commonly derived from invisible handdels about the distribution of labour in
science are not robust against changes in the nushis&andards considered.



2. I nvisible hand models and the distribution of labour in science

Since cooperation is a necessary condition foridigion of labour, no model of the division
of labour in science can ignore the benefits ofpewation in science, lest it leave the division
of labour itself unexplained. The benefits of caapien imply that there are increasing
returns to adoption: scientists prefer rather thschew more adopters to their views because
more adopters means more opportunities for codparathis would lead a community to
full specialisation, which is an outcome commordysidered to be epistemically undesirable
and moreover conflicting with the actual state @ésce. The benefits of cooperation present
a basic problem for those who attempt to understiaadlistribution of labour in science: why
does the presence of these benefits not leadlfosfokcialised scientific communities, as one
would expect? Invisible hand models of the distitiu of labour in science offer a solution

for this problem.

Petri Ylikoski (1995) offers a general characteticza of the essential characteristics of the
invisible hand mechanism which is at work in e.gcKer (1990), Goldman & Shaked (1991)
and Hull (1988):

1) It is adecentralised process:!There are no explicit agreements or centraliseaid®ns
by the participating agents (Brennan & Pettit 19935-196).” (Ylikoski 1995, p.33)

2) The process igon-intentional: “The agents do not intend to produce the resuleylare
promoting their own objectives and the result todxplained is a by-product of this
promoting. The idea is that the process should vewdn if the participating agents have
no knowledge of the process. This is why the mésimais called invisible (Ulmann-
Margalit 1978: 271).”(Ylikoski 1995, p.33)

3) Although the process is non-intentional, “iheeds not be unknown to the agents

participating in its production.”(Ylikoski 1995, p.33)

4) “The result should be a pattern or a structure tregems to be made or designed
intentionally; it should be somebody's handiworkneinn-Margalit 1978: 268-270) his
means that the product in question should be soregdmplex and it should not seem to
be accidental. To be non-accidente result should be somewhat stable and recurring
(Brennan & Pettit 1993: 191-192)(Ylikoski 1995, p.33)

5) In invisible hand explanationshe result of the mechanism is valued positively. This

contrasts with what has been called the ‘invisiidekhand’:*“The only difference is that



the product of the invisible hand is valued positand the product of the invisible
backhand negative (Brennan & Pettit 1993: 192, 20%).” (Ylikoski 1995, p.33)

The crux of the invisible hand solution to the bgsioblem is to offset the scientist’s benefit
from more adopters by introducing a second factompetition for credit Competition
brings in decreasing returns to adoption. As morensists adopt, there is more competition
for newness, originality, to be the first to congewith the solution to an important problem,...
More generally, decreasing returns are introducedffiset the increasing returns that cause
the basic problem. The interplay of cooperation aodhpetition will push and pull a
community to a distribution of labour somewherewsstn full specialisation and full

diversity. Ideally, a laissez-faire policy produ@soptimal distribution.

One such formulation of the basic problem and thiessquent use of the invisible hand
solution is found in Philip Kitcher's “The divisioaf cognitive labour” (1990). Its starting
point is the basic problem sketched above, whichcdélés the “CO-IR-discrepancy”: the
mismatch between a scientist’'s individual ratiayalilR) and the ideal balance between
specialisation and diversity, viz. the communityiimpim (CO). If scientists were all to pursue
the same path, namely that which is best suppbitetie available evidence, then there is no
diversity and the community optimum is unlikely lbe reached, provided that, as Kitcher
assumes, full specialisation is undesirable. Kitdudves the discrepancy by de-idealizing the
scientist: they are motivated by personal factachsas social and other factors, such as greed,
stubbornness and honour rather than high-mindédegrthat reflect the community optimum.
Scientists freely compete with each other for theard of being the first to find the solution.
As a consequence, they do not just follow the pdtich is best supported by the available
evidence, but discount it with the number of pe@iteady pursuing that path. As a result, as
by an invisible hand scholarly attention is scatleand yields the community desideratum,
viz. more diversity. The introduction of competitioffsets the increasing returns that come
with cooperation: individual returndecreaseas the number of scientists following a certain
path rises.

! The idea of a cycle of credibility stems from Lat@nd Woolgar (1986), but variants of this arenfibin
Kitcher (1990), Goldman & Shaked (1991) and Hu8g8).



3. A general model of the distribution of labour in science for multiple standards
3.1 What are standards?

Whereas Kitcher’s single-standard treatment optiodlem of the distribution of labour could
afford to leave the characterization of standamdglicit, a generalization of his model to J
standards requires a clear understanding of wratdatds are and what they do. An
interesting way to gain some leverage on this ish@aracterize the concept of ‘standard’ in
analogy to its use in the economics of network stdes. It will be argued that the presence
of multiple standards in science produces the s&ynamics as that of multiple technological

standards in a market.

Standards feature prominently in the literature r@twork industries. A network is a
distributed system constituted of nodes and tim@rconnections. Its boundaries are defined
by a standard. These standards are necessaryioonadior inclusion in the network. For
example, to run Macintosh software you need an é&gpmputer. However, you might also
run it on a PC, but then you'll need a ‘gatewaytveen networks (an adaptor). In other
words, people adopting to one network will incuanisaction costs when changing networks.
So for agents in a distributed system, standardstitote a barrier to entry. Sometimes these
barriers are relatively minor and easily overcommemetimes they are high and lead to
significant extra costs. In some systems, barrierentry are constructed artificially, for
example through patents or industrial secrets {(regrecipe of the Coca Cola syrup). In other
cases barriers to entry arise naturally. One ealpeaignificant case of naturally arising
barriers to entry is not a feature of the prodts#li: its rate of adoption. For example, say a
company designs an innovative new operating platfarhe barrier to entry it is confronted
with is that existing operating platforms (mostatdy Windows) have already been widely
adopted to. This not only means that most consumgrslready have devices specifically
designed to run the pre-existing operating platfdoot also, and most importantly, that new
software will be written specifically for that ptatm and not for the newly developed one.
Even when exhibiting a very high intrinsic qualitge new operating platform will have great
difficulty in conquering market share (it is, hoveeynot impossible). Barriers to entry entail
that producers cannot freely compete in a markedumse of significant costs associated with
entering a new market and significant differencesorag these markets (e.g. different
programming languages, different adapters, difiecensumption patterns,...). The same goes
for scientists and the market of ideas: insightsthods, solutions, discussions, conferences,

etc. adopt to a certain standard. Adopting to stesdard requires a non-trivial investment:



barriers to entry include mastering standard-spe@kpertise, learning standard-specific
techniques, getting to know a specific communityd adentifying the standard-specific

puzzles and trends.

Because standards divide a market into differemtspseparated by transaction costs, free
competition is no longer possible. In addition &oriers to entry, free competition is further
constrained by the fact that network industriesl temexhibit large economies of scale. These
are especially prominent in information-intensimelustries such as newspapers, consulting,
publishing,... The reason for this is that inforioatis characterized by decreasing marginal
costs: once a unit of information is produced @eai a book, a score,...) it can be distributed
at virtually no cost, unlike for example the cadustry or the service sector, where an
additional unit of the product keeps on costingngigant capital and labour. As such, as more
people use it, total cost of production stay camshkait marginal costs fall towards zero. The
amount of output produced is only limited by theeex of the market. In other words,
network industries have a natural tendency towaodapoly. A similar argument can be set
up for science: scientists are producers and coesumf information and as it happens,
information-intensive industries are typically cheterized by falling marginal costs. Just as

with barriers to entry, falling marginal costs ehiracreasing returns to adoption.

So in network industries there are barriers toyeatrd large economies of scale and these two
characteristics also apply to science. Both factpve rise to strong increasing returns to
adoption and create enough market disruption tegmtedecreasing returns of competition
from offsetting these increasing returns. Indedw: tisruptive nature of these kinds of
industries is widely known among policymakers aad prompted governments to implement
antitrust regulation.

‘The long-standing public policy concerns over natkvindustries are not accidental, because those

industries often embody two major and widely redngd forms of potential market failure: significant

economies of scale -with the potential for monopalyd externalities.” (White 1999, p. 1)
Of course the analogy between science and netwadlkstries is not complete. For example,
science is often not commercialized and its outpit monetized. But analogies are never
perfect and this doesn’t stop them from being fulitOne way of arguing for the analogy is
to point out that, when turning to economics fanadel of distribution of labour in science, it
does make more sense to use ideas used to expéaidyhamics of information intensive
industries such as Microsoft, rather than to makeamalogy with more traditional sectors

usually characterized by decreasing returns totamlopuch as car manufacturers.



But perhaps the most important reason to resistaalogy is to reach back to factors such as
credit, newness, originality,... viz. the usualtées which invisible hand models brought in
precisely to avoid those increasing returns charaihg network industries. Surely these

have a role to play in science. Section 3.3 dissiseir position within our framework.

3.2  Theimportance of standards

Apart from cooperation and competition, there ishiad factor which is essential to any
analysis of the distribution of labour, namely stards. Kitcher’s solution is a limiting case of
this point of view, namely the description of thistdbution of labour with 1 standard. The
model presented in this paper generalizes Kitchsokition toJ standards. Any act of
cooperation and any distributed activity requirestandardto ensure the compatibility of
individual contributions and the coordination oflividual efforts. A minimal consensus is
required from the individual contributors concemiime goals of the distributed activity and
the acceptable procedures to attain these goatamdard is necessary for the aggregation of
individual contributions at a certain time and themulation of the aggregated results over
time. A model without them would simply fail to dam the distribution of labour in science

itself, let alone account for its dynamics.

Standards are essential for a model of the digtabwof labour in science and as a good
model, Kitcher does indeed incorporate it, althougiplicitly. The idea of scientists
competing for a prize and ending up in a nicelyritigted scientific community only makes
sense if it is assumed that all these scientistptath the same standard. It is after all this
standard which determines what the problems arghwproblems are important, how they
should be solved, what solution is sufficient tairi the prize and how big this prize is. In
Kitcher, however, the case of multiple standardads considered. This is in line with his
view of science as embedded in ‘consensus pradiigeit is a limitation of his model of the
distribution of labour in science, because it umssarily commits its followers to a single-
standard view. To overcome this limitation, a gaheation of Kitcher’'s model is proposed to
the case of] standards, with Kitcher's own model as a limiticase where there is only 1
standard. This generalization is important for teasons. Firstly, it allows the model to be
used by scholars who are uncomfortable with thiglsistandard view, such as the large

branch of philosophy building on Kuhn (1962) for anh the dynamics of science involves



existence of multiple ‘paradigmé’Secondly, this generalization will show that Kitcls
conclusions about the distribution of labour inescie are not robust against changes in his

single-standard view.

3.3.  Newnessin amulti-standard view

An important consequence of introducing standandsonsidering the distribution of labour
in science is that scientific contributions wilhteto cluster. The presence of these clusters
within a field makes it necessary to make the witstbn between the dynamics of science
within a cluster andetweenclusters. This entails that the problem of theritigtion of
labour can be described at two levels of analydaels for the dynamics of science under 1
standard, such as Kitcher’s, can additionally beduss a model of what happens within a
cluster in models that describe the dynamics betwaasters. This distinction between a
model of scientific activity within a cluster ane@tiveen clusters allows us to further clarify
our claim about increasing returns to adoption. basic claim of our model is that there are
increasing returns to adoptid@tweernclusters. This does not preclude decreasing retorns
adoption within a cluster; with scientists compegtég. to win the ‘prize’ for being the first to
find the solution for a certain problem. In theeas$ 1 standard, no more is needed. However,
from a multi-standard point of view, the importarmfethe problem depends on how many
agents find this problem important; a problem fritva point of view of one cluster might be
irrelevant for someone in another cluster; or wt@ints as a satisfactory solution for one
cluster might not be satisfactory for the othervdmreas these agents within the same cluster
are competitors for the ‘prize’ associated withvsa a certain problem, they have a common
interest in the number of adopters to the clusesmabse the importance of the problem (the
size of the price; e.g. in terms of recognitiomding, position, etc.) varies with the number
of adopters. The characterization of the probleh ttue amount of ‘prize money’ are things
that Kitcher takes as given but which vary in tagsecof multiple clusters: the characterization
of the problem is relative to the cluster and thenher of adopters determines the size of the

prize.

Since our model is concerned with the overall dyicanof science, we focus on the
distribution of labour across clusters rather tlianwhat happens inside a specific cluster.

Standards create barriers that divide a disciplime different parts. The fundamental

2 A recent illustration of discomfort with Kitcher&@ngle-standard view is the 2002 discussion betvitglip
Kitcher and Helen Longino in Philosophy of Scien#cher (2002a, b) and Longino (2002a, b)



divisions between scientist’'s contributions will Hee same as the divisions between the
standards on which each of these contributionsisedth. Standards add additional structure to
the field. Since all individual contribution musdlapt a standard, the change of the crucial
boundaries in the field can be modelled by reprisghe changes in the rate of adoption to
the different standards in the field. In other wsrthe distribution between core research
programmes in the field is representative for thsrithution of all scientific activity in that
field.

At this level of analysis, ‘newness’ loses its impace for the distribution of labour in
science (which is now seen as the distributiorc@rgific labour across clusters instead of the
distribution of scientific labour across scientjst8ecause of the different levels of analysis
that are now distinguished, newness can mean tfiereht things: newness within a cluster
and newness as the creation of a new cluster. &gdtbns are allowed for in our model, but
they fail to offset the overall dynamics of incriegsreturns which governs the competition
between multiple clusters competing for adoptiam.the first case, newness takes place
within the shared consensus of a particular stahdas such it is simply modelled as a
contribution to a cluster. The second case, whaneva standard is created, does register as
real newness at our level of analysis. However,stiexess rate of new clusters in network
industries is very low (however, it is not impoge)b In short, ‘newness’ does not alter the
fundamental dynamics of our model because we dheedével of analysis across clusters.

4. Formalization of the model

Our model addresses the relations across clustecs sve believe that this is the most
relevant aspect to get a grip on the problem ofiik&ibution of labour in science. Hence we
will model the dynamics of clusters competing fdogtion. Interestingly, the analytical tools
for modeling systems exhibiting increasing retutasadoption have only recently been
developed in a series of papers by Arthur (1989) Arthur et. al. (1983, 1984, 1987). His
models were initially designed for problems of tealogy adoption in network industries, e.g.

to model the competition between VHS and Betamaetmme the standard video format.

The model will thus focus on standards and thewmp&idn by agents. We model these
standards as clusters of contributions. Each talinagents in the game (scientists) make a
contribution to one of the clusters in the gamekiMi@ a contribution means adopting to the

cluster. Adopting to a cluster requires compliateca basic set of concepts and assumptions;



this basic set coordinates individual contributioifiey form the core of the research
programme implicit in all the contributions madethe cluster. So no matter how diverse the
different contributions to the cluster, the clustself is a homogenous entity. Its size depends

on the number of contributions.

As is customary in these models, the model as deniBoagnostic about the value of these
clusters. The choice for one cluster rather thasthear is left for the agents in the model to
decide. For a model about standards in sciencs, rtf@ans that the model needs to be
‘agnostic’ in its conception of scientific valuey BRommitting to a specific conception of

scientific value, this part of the problem of thieision of labour would be put beyond the

model’'s explanatory scope and a generalization staddards would be impossible. This
contrasts with the invisible hand models descrifeove, where the aims of science could be
specified because there is only one standard. @lyrabaim about these clusters is that it is
possible that there are multiple competing conoagti The ‘value’ for the agent is then

whatever it is that the cluster aims to produceintlicate that this product can take different
forms in different clusters, we leave the spe@ficduct of a cluster unspecified and refer to it

using the generic term ‘output’ in the agent’s dimxi function.

41 A formal model of formation and dissolution of consensus

Let us consider a population bf epistemic agents. There ale&eompeting clusters. Denote
agentn’'s preferences over clusters by the veap= (p,,, P,p»---.P5,) @nd assume that there
is a vectorE =(E,E,,....E,)', its j-th element being the available output for clugtefhe
simplest way to think about output is to think bas the number of contributions made to a
cluster (e.g. the total number of papers, textb@ikg. We normaliz& and denote the vector
of relative output byé = (él, éz,...,éj)'.

The most important parameter in our modet,isvhich we call the strength of increasing
returns. We assume that 0. With standards becoming more importawill be higher. In
generalc is the weight agents assign to the size of theteftas measured by relative output.
Let thelikelihoods of pursuifor each agenh be given by equation (1). The likelihoods of
pursuit depends on an individual component (prefes) and a social component (the size of

the cluster as measured by output weighted bytthagth of increasing returns).

7T,(t) = p, + CE() 1)

10



We define the following decision rule: Make a cdmition to the cluster with the highest
likelihood of pursuit, i.e. the largest element of the vector

7, (t) = (70, (1), 725, (1), ... 72,5, (1))

The model evolves by all agents making a contrdvuteach period. At the end of each
periods output is updated. By making contributibms cluster output increases. The process
is self-reinforcing. Contributions to a cluster ri@ase output which in turn makes it more
likely that agents will contribute to the same ttusiext period.

In making his decision to which cluster to conttda scientist looks at the available output.
We assume that all contributions are contributitmgust one single cluster. The quality of
contributions is assumed to be homogeneous. Ukiegetassumptions we avoid the task of
having to judge the quality of contributions. Wengaeasure output as the weighted sum of
past contributions, where output produced withpedaod equals the number of contributions
within this particular period.Output for clustej at timet is given by eqn. (2) whers;(t)

denotes the number of contributions to clugiarperiodt and d [ [O]) .
E;(1)=K,;(t-D)+dE(t-)) (2)
Since eqn. (2) holds for all period&1 we can use substitution and see that output is the

weighted sum of past contributions. We assumeititél contributionsK (0) are given.

E,() =K, (t-1)+dK, (t=2)+..+ dt_lKj(O)=Zt:dS_lKj(t—s) 2)

N
The number of contributions to clusiein periodt are given byK, (t) :Zajn wherea,=1 if

n=1

j Oarcmaxn,, (t) and O else.
kof1,2....9}

The basic model is a nonlinear Polya process vi¢hprobability that a new contribution is
made to a specific cluster being a function of ¢batributions already made to that cluster.
As previous choices matter and increase the prbtyathiat a contribution will be made to a
cluster, this process is path-dependent and egpoisitive feedback. We are interested in the
structure that emerges during this process, whesgrbcture we understand the proportion of
agents working within each cluster. As has beemnvshoy Arthur, Ermoliev, and Kaniovski

(1983, 1984, 1987), the structure, which in our elad a vector of proportions, tends to a

% Note that the likelihood of pursuit for any clusieindependent from the size of all other clustdtis implies
that the standards that define clusters are coglplitcompatible. The model could be modified towlfor
gateways. Then, the likelihood of pursuit would elegh on the size of all clusters, with less weighéi to the
clusters for which there are gateways.

* By using the sum of contributions as a proxy fotpait it would also be possible to relate the madel
scientometric data.
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limit random vector. Our model reaches a stableepaif E(t+1)=E(t). Since our agents face
the same output each period, they make the sameecbach period and the distribution of
agents across clusters stays constant.

Knowing that a stable pattern emerges our nexttmuress concerned with the size of the
clusters. Do all clusters have roughly the same sizdoes one cluster become dominant?
Assuming that preferences are drawn from a [0,Ifoum distribution, it is clear that for
c=0.0 all clusters are roughly equal in size. Irsthituation agents only care about their
preferences, there is no premium on compatibilitg &ence there is no positive feedback.
However, as soon as>0 increasing returns kick in. Clusters with higltput attract more
contributions and grow up to a certain point. Tisisisualized in row 1 in figure 1, showing
three runs of a simulation witd=1000 agents and5 clusters. On the vertical axis we see
the size of each cluster, measured as the shageots contributing to the cluster (formally:

K. (t . ,
%). The horizontal axes measures time.

[FIGURE 1 ABOUT HERE]

In the first simulation (column A, row 1) agents$iaices solely depend on preferences. Each
period they choose the cluster that is most prefler6ince preferences stay constant and
agents are immortal the sizes of the clusters dochange’ In the second and third
simulations (A2,A3) we observe sensitivity to ialtconditions. Att=0 the largest cluster is
determined by the distribution of preferences. BRuthe increasing returns the largest cluster
grows faster than all other clusters. After someopks a stable structure emerges at which the
size of the dominant cluster (and all other clistestays constant. A large cluster can be
understood as the existence of high consensusoandisagreement, or much specialisation
and low diversity. The maximum size of the dominalaster increases witty where ifc>1

the dominant cluster gets 100%, i.e. there is aibsigi no disagreement (no diversity) within

the particular school of thought, as can be seeoluimn A, row 4.

This model of scientists’ choices between clustexbibits several features of Arthur's
increasing returns model (Arthur 1989). We canmetljet in advance which cluster will get

dominant, but we know that one single cluster géit dominant. In Arthur's terms the process

® We will relax both assumptions later and see agipens when agents are not immortal and prefesenee
allowed to change.
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is non-predictable The process isonergodi¢c meaning that small differences at the
beginning (the distribution of preferences andahgvidence) are not averaged out over time.
Stochastic fluctuations are responsible for salgcthe dominant cluster. Having reached a
stable state the size of all clusters stays cohstde process imflexible there is no change

from within the system.

4.2  Modd refinements

In order to make the model more interesting aatlstic we add some refinements. First, our
agents do not live forever. Each period their aggeases by one unit. Once they have
reached a certain age, randomly drawn from a umifi&0,100] distribution they die and get
replaced by a new agent with age drawn from a umifi20,50] distribution. The new agent
makes her first contribution to a randomly choskister. The probability that any cluster is
chosen is proportional to the size of the clusk@is could be interpreted as the agent makes
her first contribution in the same cluster as leachers worked in. Row B in figure 1 shows
typical simulation runs for varying parametersstitutional strength. The only difference to
the simulations in row A is that agents die andrgptaced. Foc=0.0 the size of the clusters
do not affect agents’ decision and cluster sizéievioa random walk. As ¢ increases we see
emergence and dissolution of consensus. This iarlglevisible for c=0.75 (B3) where
consensus reaches its peak around period 100 aredtham 40 % of all agents contribute to
the dominant cluster. Eventually the dominant @useases to be dominant and we observe
the dissolution of consensus. With increasinthe size of the dominant cluster gets bigger
and dominant clusters are dominant for a longefogdeof time. This means that with
standards being more important consensus exigget@mong a bigger share of agents in our
epistemic community.

Since agents die and get replaced the processl@nger inflexible forc <1, i.e. there is no
stable state at which the size of each clusteys stanstant. Foc =1, however, the process is
inflexible. Once a cluster has reached 100 % Vtsstaere forever because agents’ preferences

do not matter for their decisiofis.

® A simple example might illustrate thi§ inflexitbjlifor c=1. Assume two competing clusters, A and B. Cluster
A has reached 100 % which means tkat = 1. Likelihoods of pursuit are given b1, = p, +1 and

Tl = Py respectively. Since preferences are drawn fronuttiferm distributionU[0,1], we must have

71, 2 713, so agents will always contribute to cluster A.
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As a second modification we introduce endogenoatepnces. The idea is that when agents
make their contributions they invest in learning thethods of the cluster. The resulting skills
are specific to the cluster and cannot be trarefleis another cluster. The result of the agent’s
investments are skills which are specific to atelyshence the benefits can only be reaped if
the agent contributes to the same cluster. Itigaossible to appropriate the benefits from that
investment if they switch to another cluster. Arastheason for endogenous preferences are
that the longer an agent has worked within a ctuge less likely she is to change since her
standing, reputation and accomplishments all deperttie correctness of the cluster.

The change in preferences is modeled as followsstHeze be a vector of intrinsic preferences
P, = (P Popr--: Py,)' fOr each agent and denote the number of each 'agaonitribution to
clusterj up to timet by k;, (t). Assume that at time t the agent makes a conipibvtid cluster

j. Then, her preferences the next period are givgna convex combination of her old
preferences and some parameterl (eqn. 3).

Kjn (1) 1
(t+D)=—"2"7 p ()+——— 3
P+ D= T PO+ ®3)
For all other clusterg'# j to which the agent did not contribute in periqateferences do not

change, i.ep,,(t+1) = p;,(t). For clusters to which the agent has never maamaibution
her preferences are given Ipy, (t) = p,, for all t. The parameten determines the speed of

the preference change and acts as an upper boumdeterences. By increasirng more
weight is put on agents’ preferences.

The likelihoods of pursuit are now given lag(t) = p,(t) +cI§(t). As can be seen in rows C
and D in figure 1, allowing for endogenous prefeemresults in slower change andg §1,
lower variance in cluster sizes. As agents put maight on their evidence as a result of past
choices they are less likely to switch to anotHesters, even if the other cluster is large. For
c =1 the process is inflexible. At some point all ageebntribute to the same cluster.

However, with higher; it takes longer until one cluster reaches 100 %.

4.3 Main resultsand possible extensions

" In the literature this is known as zhardening ofitions" where as time passes agents put more weigtheir
own opinion and less weight on the opinion of athér.g. Hegselmann & Krause 2002, 4). It can akso b
understood as a process of dissonance reductictiri§er 1957) where agents adjust their preferemcesder

to reduce the discrepancy between their preferesmgshoices.

14



The main results of the model can be summarizédilasvs.
(1)  The resulting division of labour depends on thergith of increasing returns. With
stronger increasing returns (meaning more importaridards) the size of the largest cluster
increases and the community tends to more speatialis Forc =1 the dynamics result in a
lock-in. All agents contribute to one cluster ahd tommunity is completely specialised. The
opposite, complete diversification, is achievedléw values of increasing returns.
This can be seen in figure 2 plotting the variaoteluster sizes for different values ©fThe

K, ()

J
variance is computed azéar:%Z(xj -X)* where X (1) =——
j=1

is cluster size, measured as

the number of agents contributing to clugtat timet, divided by the total number of agents.
Since we assumé&=>5 clusters we know that the meanxis 0.2. The variance is a natural
way to measure diversification and specialisatlbthe community is completely diversified
all clusters have equal size and variance is Zgrthe other extreme, complete specialisation,
variance is given by‘]‘];l(%ji%(%_ljz which equals 0.16 fod=5. Figure 2 shows with
weak increasing returns the community is completérgrsified. Asc increases above 0.4 we
observe increasing specialisation, and defl there is complete specialisation after some
periods.

[FIGURE 2 ABOUT HERE]

(2) By introducing endogenous preferences the changleeirdivision of labour between
clusters becomes slower because agents are mekhe tiikstick to their choices. With strong
increasing returns d=1) the distribution of labour will still reach a loén where the

community is fully specialised, although the tinh¢akes to get to the lock-in will be longer.

This can be seen from table 1, showing the tintakiés to get to the lock-in fa=1.0 and

varying /.

n time to lock-in
0 66.34

1.0 391.64

1.2 503.18

14 517.04
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1.6 495.54
1.8 512.10
2.0 516.30

Table 1: Time to lock-in for varying strength ofepgrence change. Times to lock-in are

average values from 100 simulations with 500 agebtxlusters, andt=1.0. Each

simulation run for 1000 periods. The caged corresponds to no preference change.

(3) For O=<c<1the distribution of labour is flexible if agentseeanot immortal. Altough
the dominant cluster can be quite large, the conityymever reaches full specialisation. As a
consequence of agents dying and getting replacedatigest cluster eventually looses its
dominant position and a new cluster gets dominpatadigm change). Far=1 we have a
lock-in, meaning that once a cluster reaches 10Qh& community will stay at full
specialisation. This could change by endogeniziegniumber of clusters and allowing agents
to create a new clusters, or by introducing exogsrsmnocks (anomalies) that solve the lock-
in by lowering the weight agents put on the clusteize. These are, however, subjects for

further research.

5. Conclusion

Invisible hand models rely on competition to sagectivist science in the face of non-
epistemic individual motivations such as profesalosuccesé.This solution requires that
there is full competition and that all agents dterathe same, for example that they openly
compete for credit. We have argued that the presehstandards in science entails that the
scope of this solution is limited to the speciaseavhere there is only 1 standard because
standards cause fragmentation of the market, undemgncompetition. We discussed how
Kitcher relies on competition to ward off the CO-tiscrepancy and, although we have not
discussed them separately in this paper, so don@oid& Shaked (1991) and Hull (1988);
Goldman & Shaked suppose that scientist®ose their actions in accordance with the rule

of maximizing expected utility and their utilityvé® is determined solely by professional

8t is commonly assumed (or hinted) that the preseaf such a motivational pattern would constitate
refutation or debunking of an objectivist constrofiscience. We shall argue, to the contrary, thate is no
necessary incompatibility between the goal of msifinal success and the promotion of truth-acqaisit
(Goldman & Shaked 1991, pp.31-32)

“Most representatives of other disciplines in s@erstudies have thought that they can do withautrthisible
hand. Philosophers seem to have one item on tigeinda that others in science studies do not sedrave: the
defence of the objectivity or rationality of scieric(Ylikoski 1995, p.35)
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success” (Goldman & Shaked 1991, 31) while David Hull d#ses science as an
evolutionary system in which scientists are agentapeting to increase conceptual inclusive
fitness All three models describe the features of an agipiase of a system which is in most
of its possible states very different from the $rsfandard case they describe. Arthur (1989)
lists five features that make increasing returngdei® different from normal maximizing
models: there aremultiple possible equilibria, which equilibrium will be selected is
unpredictablein advance, the equilibrium isot necessarily optimalthe system exhibits
inflexibility (it can ‘lock in’) and path-dependenceThese stand in sharp contrast to
characteristics of invisible hand models, which icgly have only one optimal and
predictable equilibrium that is not path-depend@&ecause of the atypical character of the
single-standard case, the conclusions derived frawisible hand models are not robust
against changes in the number of standards. The omaiclusion from such models is that
there need not be a conflict between individualoratlity and the community optimum.
Private vices become public virtues:

“The very factors that are frequently thought ofiaerfering with the rational pursuit of sciencéhe

thirst for fame and fortune, for example- mightumdly play a constructive role in our community

epistemic projects, enabling us, as a group, tdatdetter than we would have done had we behaved

like independent epistemically rational individualgéKitcher 1990, p. 16)
As a result, individual responsibility of scienisis downplayed and the task of the
institutions of science is to accommodate sciéatitavings rather then direct them toward
higher epistemic ends:

“social institutions within science might take adwage of our personal foibles to channel our effort

toward community goals rather than toward the epist ends that we might set for ourselves as
individuals.” (ibid.)

“the really neat thing about the reward system aiesce is that it is so organized that, by and &rg

more self-serving motivations tend to have the safieet as more altruistic motivationgHull 1997, p.

123)
From the perspective of our generalized model etvésws about individuals, institutions and
their interrelation are no longer tenable. Indiatiscientists cannot escape their responsibility
because the dynamics of the model imply that sofelhges can have large consequences. A

laissez-faire institutional design is bound to mike community optimum because of the

%« Just as organisms in general behave in ways litcelgcrease their own genetic inclusive fithesgrsists

tend to behave in ways calculated to increase tbwin conceptual inclusive fitnesgHull 1988b, 128)
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monopolistic tendencies the system exhilfitds a consequence, institutional design must
play a more active role to attain the communityirmpm. The general direction that it should
take is that of softening the market disruptionduced by the presence of multiple standards.
This could involve the implementation of an actpi@ralist policy which aims to reduce
transaction costs between clusters. A big stepisdirection would be a pluralist education
or at least a historical overview of the developtr@nthe discipline a scientist will work in,
such that the transaction costs of not adoptingh&éo mainstream cluster are not already

gigantic from the outset of the scientist’s career.

A final consequence of generalizing dcstandards is that whereas the single-standard case
can be individualist and a-historical, the shiftmaltiple standards makes social and historical
aspects relevarit: In multi-standard versions of our model social exsp of science are
important because of the occurrence of networkreatities that exert causal influence on
scientific activity but are irreducible to the in@tiual level; the connection among the nodes
iSs more important than the nodes themselves. Hastloaspects become relevant in multi-
standard versions because the dynamics is patmdepg viz. previous states of the system
exert causal influence on future states of theesyst

We have presented this model as a generalizatidfitolier's model. While we think our
model nicely captures most cases (2 to J standdfdsher's model is still better suited for
the 1 standard case while our model has nothirggnmtive to say on this, only that everyone
will always adopt. Because Kitcher only treats #iegle-standard case, he can afford to
present a model at a lower level of analysis, @llevhich is better suited to highlight the
salient features of the atypical single-standaskca@Ve could also change our model’s level
of analysis. The clusters would then become patigsiacreasing returns would be absent
because we’re inside a cluster (c=0). The modet {redicts an equal distribution across
paths and by introducing epistemic and non-epistenotives we arrive at Kitcher's model.
So our model is indeed a generalization, and (8 isften the case with general models; cf.
Weisberg & Matthewson 2008) this generality goethatcost of describing certain specific

cases. The single-standard case is such a caserforodel.

9 Hence we postulate an ‘invisible backhand’ rathan an ‘invisible hand’ (see section 2).

M This enables us to meet i.a. Philip Mirowski’s cem that‘A relevant congenital tic of the American
philosophy profession (although, it must be condedet its alone) is a demonstrated unwillingnesssgard
science as an historically changing entity, not jusghe realm of epistemic “values” but alsoterms of actual
social structures."(Mirowski 2004 , 285)
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