THE ELEMENTARY ECONOMICS
OF SCIENTIFIC CONSENSUST

Jesis P. ZAMORA BONILLA*

Manuscript received: 1999.3.27.
Final version: 1999.8.3.

* Departamento de Economfa, Universidad Carlos III, 28903 Getafe, Madrid. E-mail:

jpzb@eco.uc3m.es

BIBLID [0495-4548 (1999) 14: 36; p. 461-488]

ABSTRACT: The scientist's decision of accepting a given proposition is assumed to be

dependent on two factors: the scientist's 'private’ information about the value of that
statement and the proportion of colleagues who also accept it. This interdependence is
modelled in an economic fashion, and it is shown that it may lead to multiple equili-
bria. The main conclusions are that the evolution of scientific knowledge can be path(
dependent, that scientific revolutions can be due to very small changes in the empiri-
calP evidence, and that not all possible equilibria are necessarily efficient, neither in
the economic nor in the epistemic sense. These inefficiencies, however, can be elimi-
nated if scientists can form coalitions.
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1. Introduction

In recent years, the interest in the economic study of the process of scien-
tific research has grown considerably. The crossing of some lines of re-
search in economics, sociology and philosophy is currently creating a com-
pletely new and extremely promising approach to the study of science,
which will constitute very possibly one of the main schools in this field
during the next decades. The main idea behind this 'new economics of
science' is that scientific researchers are rational people in continuous inter-
action and interdependence, looking individually after the maximisation of
some 'personal utility function’, but also looking institutionally after the
efficient production of 'knowledge'. Philosophers and methodologists may
find in this approach an explication of the social character of science more
'rational’ than that usually found in the works of radical sociologists, and
also clearer (analytically speaking) than other current naturalist approaches
in philosophy; economists may have the opportunity of employing their
conceptual tools to study an intriguing human activity, one which is at least
as rational as the classical 'economic’ aspects of life (business, consumption,
saving, investment, and so on); and sociologists of science may discover an
interesting way of developping in a formal fashion some of their insights
about the social processes which underlay the creation of scientific knowl-
edge. _

The economic study of scientific research has, in particular, a strong
motivation in view of the radical conclusions of the so called 'sociology of
scientific knowledge'. According to this approach, science can not be seen
as an efficient mechanism of knowledge generation (‘efficient’ in the sense
that the knowledge so generated is 'objective’ epistemically speaking),
because the production of scientific knowledge is always essentially per-
meated by social, non-scientific interests. On the other hand, one of the
fundamental ideas of economic theory is that the interdependence of rival
interests can lead, under some especific circumstances, to an efficient so-
cial arrangement. Hence, it is not 2 priori clear that the essential presence of
rival scientific and non-scientific interests in the process of scientific re-
search precludes the attainment of an epistemically acceptable corpus of
knowledge. Whether this is so or not, it is something that can only be dis-
covered through the study of alternative economic models of scientific
research.

In any case, my aim in this paper is not to offer a survey of the most
interesting work in the economics of science;! I just want to present a very
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simple model (but I think an illuminating one) of the process through
which individual researchers interact in order to reach a certain degree of
consensus about a given proposition. I will restrict the scope of my paper
to the scientists’ decision of accepting or not accepting such a statement

- -already presented by some of them- on the basis of the experiences, previ-

ous knowledge (i. e., previously accepted propositions) and the methodo-
logical and social preferences each scientist has. That is, I will ignore those
decisions referring to how new statements are looked for and proposed,
how new experiments, observations or calculations are chosen, designed and
performed, etc. These are extremely interesting problems to analyse from
the economic point of view, but the simple economics of scientific consen-
sus (or dissensus) is, I think, an unvoidable preliminary work before trying
to answer these other questions. On the other hand, my aim is simply to
make an economic interpretation of some common ideas in the recent phi-
losophy and sociology of science; I would be content if the conceptual
schemes offered here were helpful to illuminate a little some long disputa-
tions about the rationality of science.

I will assume that scientists take their decisions with the only aim of
maximising their individual "utility’, though I will make also the assump-
tion that researchers have two different elements in their 'utility function’,
an epistemic as well as a social one (I will examine these elements in section
2, and consider some plausible objections in section 3). The 'social value'
of a scientific statement will be seen simply as its rate of acceptance
within the relevant scientific community,2 and it will be considered as the
result of an equilibrium in the decision patterns of each scientist, using
some elementary game-theoretical tools (section 4). Section 5 will exam-
ine the three essential properties of these equilibrium solutions, namely,
their existence or non-existence, their uniqueness or multiplicity, and their
stability or unstability. The next three sections are devoted to derive some
philosophical implications of the model: the question about the underde-
termination of theories and the possible path-dependence of scientific
knowledge (section 6), the possibility of scientific revolutions, understood
here simply as sudden, big changes in the rate of acceptance of a set of in-
terrelated statements (section 7), and the efficiency properties of the equili-
bria referred to above (section 8). In section 9, the model will be enlarged
to include the possibility of forming coalitions among researchers, and I
will show that some negative conclusions of the preceding sections cease to
apply in this case. Section 10 offers some conclusions and prospects. The
paper is completed with two appendixes in which I study two more com-

THEORIA - Segunda Epoca 463
Vol. 14/3, 1999, 461-488




].P. ZAMORA BONILLA THE ELEMENTARY ECONOMICS OF SCIENTIFIC CONSENSUS

plicated situations: the choice between rival statements and the possibility
that each member of the scientific community has a different 'weight' in
the process of consensus formation. |

i

2. Reasons to accept a scientiﬁc statement

Science is a very competitive arena, in which researchers are continuously
trying to make things before and better than their rivals, and trying to dis-
cover mistakes in their colleagues' work. But to put an excessive attention
on this hard competition can hide the astonishing fact that science is the
most successful mechanism of consensus generation ever designed by human
beings.3 For each proposition a researcher proposes by herself or puts under
critical scrutiny, she needs to accept literally hundreds of other statements,
and it is in part this acceptance what makes of her a 'good' scientist before
her community, since this is usually the best public proof that she 'masters’
her discipline. We can divide into two groups the reasons an individual
scientist may have to accept or not to accept a given proposition or set of
propositions (no assumption is made about the relative importance of each
group of reasons):

a) in the first place, she may have a series of epistemic arguments
(results of experiments or observations, logical connections with other ac-
cepted statements or with background assumptions, methodological pref-
erences, and so on) which will offer a certain 'acceptability’ or 'epistemic
value' to the proposition for her; we can call this the scientist's private in-
formation about the statement;

b) on the other hand, she will also need to take into account what her
colleagues manifest about that statement (especially because she recognises
that her own private information is usually very limitted, but also because
to conform to the decisions of her community may provide some bene-
fits); we can call this the public information about the statement.

I will assume, ceteris paribus, that a normal researcher will be more
willing to accept a proposition S the higher is for her its epistemic value
and the higher is the proportion of members of the relevant community
who already accept it. Let EV((S) and P(S) represent these two concepts.
The former can be different for different researchers, that is, not every sci-
entist must give the same epistemic value to each proposition, since each
one will have her own methodological criteria, her own private experi-
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ences, and will not necessarily accept the same statements besides S. On
the other hand, the idea that P(S) influences the decision of the individual
scientist can be seen, from the economic-theoretical point of view, as a
rather ad hoc assumption, lacking sufficient 'micro-foundations'. To under- ;
stand its consistence with the rationality principle, take into account that |
each researcher only has a limited private information about each statement '
(and, in many cases, it has 7o private information at all); so, the number of
scientific propositions she could assert 'by herself' would be simply ridicu-
lous: if the direct or indirect aim of scientists is to maximise their knowl-
edge of the world (or their contribution to the stock of knowledge pos-
sessed by society, or the rewards based on this contribution), they need
trust in the word of their colleagues, making of science a collective enter-
prise, where each one is willing to accept the propositions presented by
others only if she has some reason to believe that her colleagues are present-
ing those propositions because they have some private information support-
ing them. The more colleagues accept a given statement, so, the less prob-
able it is that all the private information they have is misleading. So, P(S)
can be scen as a signal (though perhaps an imperfect one) of the non-
observable private information about S held by the other researchers. This
is simply an example of the necessity of mutual confidence when a social
institution presupposing some division of labour is created.4 Something
very similar takes place in the market: you can specialise in the production
of a single good only because you believe that others will produce the other
goods you desire and will accept your money, and you will not have any
other signal supporting this belief besides the others' observed behaviour.
Moreover, "accepting’ one statement is not only an epistemic decision: it has
not to be identified nccessarily with 'believing' in its truth (or, at least, in
its "approximate truth’, or in the truth of its empmcal conscquences) As it
was indicated by Kuhn (1962), a scientist can 'accept’ a proposition simply
in the sense that she makes use of it as a common tool to solve some kind
of scientific problems. We must take into account that the highest number
of statements that a researcher uses while writing a paper, for example,
corresponds to those statements propositions that she takes for granted, not
to those she is arguing for or against; the former are statements which she
founds in textbooks and other papers, and that she accepts mainly because
many other colleagues have already accepted them (supposedly on sound
epistemic reasons). In this sense, statements or families of statements are to
be seen more like 'tools’ or "technologies' than like '(possible) beliefs'. A
scientific statement, hence, can show something similar to what economists
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call 'increasing returns to adoption’: the more people uses the same technol-
ogy, the lower the costs and the higher the benefits of deciding to use it.5

The researcher who is confronted to the decision about to accept or not
to accept a proposition S will then compare the utility levels associated to
both options, and these will depend on the actual values of EV/(S) and
P(S). This situation is graphically represented in fig. 1.a-b, where EV/(S)
and P(S) are idealised as continuous variables, and where the lines 'A{ and
'IN§ represent respectively the utility levels associated to accepting and to
not accepting S for the s-th researcher (for concreteness, I will assume that,
if both utility levels coincide, then § will be accepted). These lines will
shift upwards or downwards when a change occurs in the abscise levels of
the other diagram; for example, if P(S) increases, passing from ™ to a
higher value P, then the utility of accepting S will be higher for each value
of EV;(S), and the utility of not accepting S will be lower (see fig. 1.c-d);
this sometimes will have the consequence that, though § was not accepted
by 7 when only a fraction P of her community accepted the statement, it
becomes accepted by her if a higher proportion P! of colleagues accept it.
In the same way, an increment of the epistemic value that S has for 7 will
displace analogously the curves Agand N in fig. 1.b. Take into account
that both fig. 1.a and fig. 1.b represent exactly the same decision, and so,
given a pair of values of P(5) and EV/(S), the height of the curve A5 must be
the same in both diagrams for this combination of values (and correspond-
ingly the height of NVy). Note also that 'not accepting § has not to be con-
fused with 'accepting not-S (the choice between two contradicrory state-
ments is analysed in appendix A).

a) b)

u, u,

EV,° EV/(S) p° 1 ps)
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c) , d)
ui AsPhY  u
- 7~
As(P%)
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Ev,° EV(S)
Figure 1

I do not make any assumption concerning whether the researchers’ utility
functions are identical or not. We can suppose that formal education tends
to make them more or less similar within a single discipline, or at least,
within each 'school’. But what is really important is that, even having the
same utility function, individual researchers will tend to take different
decisions because of having different private information about the epis-
temic value of each statement. The aim of my model is, precisely, to ana-
lyse how this different, and perhaps conflicting, pieces of private informa-
tion interact in order to form a consistent social state.6

3. Some objections considered

A possible objection to my model at this stage could be that nothing
forces the scientist to take a decision between 'accepting’ and 'not accept-
ing' S: she could simply express something like 'S has for me an epistemic
value of EV'7; or there could be more options than simply to accept or not
to accept each proposition (she could affirm 'S, or 'S is highly probable’, or
'there seems to be some evidence in favour of §'...). But I take it as an em-
pirical datum that scientists explicitly accept many statements during their
work and in their communications, perhaps because their institutional role
is to offer these statements to the rest of society as pieces of uncontrover-
sial knowledge, or simply because human minds can not work properly
with mere probabilities, and need to take at least some statements as true
in spite of the risk of making mistakes. Furthermore, if we consider the
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possible ‘'modalisations'8 with which a statement can be presented (for ex-
ample, 'certain facts seem to count in favour of §), we could also take this
longer proposition as one which the researcher has to decide whether to
accept or not to accept.

Another reasonable objection is that what a researcher will actually take
into account will not usually be the proportion of colleagues who are ac-
cepting a proposition, but, rather, who is exactly doing what; some re-
searchers' decisions will be surely more influential than others'. In fact, I
have chosen to use function 'P simply because of its simplicity, but it can
be easily adapted to the case where each researcher has a different 'weight'
within the scientific community, if this weight is recognised for all, be-
cause, in this case, the expression 'P(S)' can refer to the sum of the weights
of those researchers who accept S. The model becomes more complicated
instead if each researcher did not give the same weight than her colleagues
to each member of the community. These possibilities are studled in ap-
pendix B. ‘

A third objection asserts that, for some researchers at least, the slopes of
As and N could be inverted in fig. 1.b.9 These researchers (which we can
call 'the sceptics’) would naturally tend to suspect that 'something goes
wrong' with a proposition if everybody accepr it. I assume that this can be
the case, but also that sceptics will usually not be many (what entails that
their existence will not disturb my model's conclusions too severely), and,
what is more important, that their scepticism will be directed only to-
wards a few, though significant propositions. Moreover, scepticism will be
more usual when somebody intends to propose a new statement, a kind of
action which I have left aside of my model.

4. The social equilibrium

In order to obtain a 'social equilibrium', we can aggregate the individual
decisions of fig. 1.b in a fashion analogous to the 'bandwagon model' of
demand and to other 'herding' models.10 Imagine we ask each researcher
whether she would be w1llmg to accept S if P(S5) = 0; perhaps nobody
would accept S under these circumstances, but any other answer is also pos-
sible, depending on the private information each researcher has about S. If
we repeat the question for each possible value of P(S), we will obtain as a
result a non decreasing line represented in fig. 2 as the 'reaction curve of §,
RC(S§).11 The reason why this curve is non decreasmg is because of the
slopes of A (increasing) and N (decreasing) in fig 1.b, for these slopes
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entail that passing from a lower value of P(S) to a higher one can only in-
crease the number of researchers who accept the statement. This would not
be necessarily true if there were relatively many 'sceptics’ in the scientific
community (7 e., more people who pass from accepting S to not accepting
it, when P(S) increases, than people who do the contrary), for in this case
some reaction curves could have some decreasing portions; I shall neverthe-
less ignore this possibility in the rest of the paper.

a) b)

P(S) PS)
i fe 1

P’ R |

RC(S o | RS

P P(S o ot pt
1 (3) PP P 1 P(S)

Figure 2

The only possible social equilibria are those points where RC crosses
the identity line of 45 degrees, i e., the 'fixed points’. These points are
Nash equilibria, since they correspond to situations where everybody is
taking her best option given the decisions taken by the others. To under-
stand why it can be expected that the social situation is one of equilibrium,
think that, in principle, it is possible that any other value of P(§) obtains;
let, for example, be /? the original situation; according to RC(S), if P»
researchers accepted S, then the proportion of individuals who would prefer
to accept it would be P’ > v, and so, a proportion P/ — P would change
their original decision of rejecting S, once they discover their 'mistake’. If
Pt is still not an equilibrium, the process will continue until P~ is reached.
A parallel argument shows how the equilibrium is reached if we start from

‘some point to the right of P". Of course, what guarantees that the equilib-

rium is reached is a fluent communication among individual researchers;
institutions facilitating this fluency are, so, essential to the proper working
of science. Complete consensus about a statement*S will be obtained, ob-
viously, when its reaction curve reaches an equilibrium at which P(S) equals
1 or, if we are not very strice, if it is 'close’ to 1.
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5. Analytical properties of the equilibria

The main analytical properties that are looked for in economic equilibria
are their existence, uniqueness and stability. With respect to the first of these
properties, it is easy to prove that some equilibrium must exist, recalling
that there are only a finite number of researchers (say, /V) in the relevant
scientific community, and hence, that the domain and the values of RC can
only be rationals of the form #/N, where 7 is a natural number between 0
and V. Since RC(0) 2 0, then 0 is an equilibrium if RC(0) = 0; if it is a
possitive number, then there are two possibilities: either RC(n/N)) > n/N
for every nsuch that 0 < n < N, or RC(n/N) < n/N for some #; in the first
case, RC((N-1)/N) will necessarily be 1, and hence 1 (7. e., N/N) will be
an equilibrium, since RC is non-decreasing. In the second case, if there are
some 7 between 0 and N for which #/N > RC(n/N), let m be the first such
number; hence we have that RC(m/N) > RC((m-1)/N) 2 (m-1)/ N, and then,
m/N > RC((m-1)/N) 2 (m-1)IN; so, RC((m-1)/N) = (m-1)/ N, and hence
(m-1)/ N is an equilibrium.

Things are more problematic regarding the uniqueness or mult1p11c1ty
of equilibria. Obviously, if RC(S) can be idealised a straight line, there
will be only one equilibrium, like if fig. 2, but nothing guarantees that this
will be the shape of the reaction curve. A more plausible case is that,
among the population of researchers, the points of indifference in fig. 1.b
(. e, the points where A and N cross) are more or less 'normally’ distrib-
uted around some single peak; this will produce an S-shaped reaction
curve, as that represented in fig. 3. In fact, I will assume that this is the
habitual form of these curves.12 If RC(S) is S-shaped, it can have a maxi-
mum of three equilibria (note that point B in fig. 3, contrary to points A
and C, does not need to be an equilibrium: suppose, for example, that

RC(n/N) = n-l/Napd RC(n+1/N) = n+2/ N, with B = (n+(2/3))/N).

P(S)

' C

) P(S)
Figure 3
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Lastly, with respect to the stability problem, it can be shown that an
equilibrium is stable if and only if the slope of the reaction curve at that
point is less than 1 (in absolute value). In fig. 2.b, it can be seen that, start-
ing from any point in the vicinity of P, the underlying dynamics will
force the social situation to return to the equilibrium. On the other hand, if
the slope of the reaction curve is higher than 1, as in fig. 4 (in which only a
part of RC(S) has been drawn), starting from any situation close to P~ (like
P9) we will move away from the equilibrium (to P/, 2 and so on). So, of
the three equilibria in fig. 3, A and C will be stable, and B will be unstable

provided it is actually an equilibrium.
P(S)

PZ

Pl

p' B0 pl p? . P(S)

Figure 4

6. Underdetermination and path-dependence

The possible existence of many equilibria has some interesting conse-
quences, which I will present in this and in the next two sections. In the first
place, which equilibrium is actually reached at a certain moment will de-
pend basically on which equilibrium was obtained at the previous moment.
Imagine a situation like that depicted in fig. 5, with an S-shaped reaction
curve which has moved upwards, for example because of the accumulation
of empirical data in favour of S. What will be the actual equilibrium in the
new reaction curve RC’, Bor D? The answer will depend on which equilib-
rium, A or G, had been actually achieved in RC (technically, given RC’, B
is a local arttractor for A and D is a local attractor for C). Of course, the
problem is the same with the old reaction curve: its actual equilibrium
will have depended on the equilibria existing in the past. It must be also
taken into account that changes in RC will usually depend on the present
proportions of researchers accepting each scientific statement, since these
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proportions will have a strong influence on the decisions of researchers con-
cerning what experiments, observations or calculations to do, what research
lines to follow, and so on. Note also that changes in each researcher's pri-
vate information do not necessarily transport RC monotonically upwards
or downwards; that is, the reaction curves of one statement at different
moments of time may cross; this will be the normal situation when, for
example, some scientists have discovered evidence in favour of § while
others have discovered evidence contrary to that statement.

P(S)
: -
RC’ -
B
RC
A
1 P(S)
Figure 5

All this means that the evolution of scientific knowledge will be path-
dependent'13 The particular shape and possition of RC at a particular
moment will basically depend on the sez of private experiences possessed
by each researcher at that moment, but the equilibrium point actually
reached in that RC will depend on the order in which those experiences have
accumulated. The possible existence of many equilibria can also be related
to the thesis of the underdetermination of theories by data. According to
this thesis, for any corpus of 'empirical evidence' there are always several
theories compatible with it,14 and hence, selecting one of them can not be a
question of logic alone, but will be based on other kinds of values
(epistemic, social, or whatever). According to our model, even when these
values are taken into account (through functions EV; and P), there is room
for several configurations of statements accepted by the scientific commu-
nity, and the selection of one particular configuration will lastly depend on
some 'historical accidents'. Empirical evidence, epistemic values and so-
cial interests may be not sufficient conditions, even when they are taken
together, to explain why a certain degree of consensus about a theory has
come to exist.
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7. Scientific revolutions

As I have indicated in passing in the last section, the accumulation of ar-
guments in favour of a given statement tends to move upwards its reaction
curve (the reason will be explained in more detail in the next section). It
can be reasonably assumed that, previously to the presentation of serious
arguments supporting a theory S, its reaction curve has an actual equilib-
rium at 0, even if it had not a constant null value along its domain (see, for
example, RC? in fig. 6.a). When new evidence in favour of the theory ap-
pears, RC will be progressively displaced upwards, passing first to an
equilibrium like P and later to P7 (though RC? has another possible stable
equilibrium, it is not possible to reach it starting from P/). The three reac-
tion curves depicted fig. G.a are not the only periods in the first part of a
theory's history, but they are merely three selected moments of a more or
less continuous accumulation of evidence supporting that theory, an accu-
mulation which displaces upwards its reaction curve also in a more or 'ess
continuous fashion. The story follows in fig. 6.b; here, the evidence favour-
ing the theory has taken the equilibrium point to /. Bur this is a tangency
equilibrium (it is only stable to the left, not to the right); any minimal
addition to the evidence in favour of the theory will make it now that the
new reaction curve has only one equilibrium, corresponding to a much
higher value of P(S). So, although the passing from 0 to P as been continu-
ous and smooth, the passing from P3 to P4 (or, more strictly, to some point
to the right of P3'but infinitesimally close to it) is a sudden one.

a) b)

P(S) P(S)

RC'

RC’

! P(S) P I »(S)

Figure 6

THEORIA - Segunda Epom 473
Vol. 14/3, 1999, 461-488




J.P. ZAMORA BONILLA THE ELEMENTARY ECONOMICS OF SCIENTIFIC CONSENSUS

This phenomenon is obviously analogue to a 'scientific revolution’, espe-
cially if P3 is very low and P3'is very high. Take also into account that the
acceptance of a statement by an individual researcher has an influence on the
epistemic value that other propositions have for her. So, a sudden change in
the rate of acceptance of a statement can produce an appreciable change in
the rates of acceptance of others, particularly when the first one is a very
basic theoretical principle. In order to employ a terminology more consis-
tent with the usual one, we can talk about a scientific revolution not in every
case when a sudden and big change occurs in the degree of consensus about
one single statement, but particularly when such a change in a few basic
propositions induces a similar change in a wide range of other statements.
This revolution is nothing similar to a 'religious conversion', nor depends
on irrational psychological factors; it is simply the result of the rational
and conscious decisions of individual scientists.15

8. Eﬁciency properties .

The next point of my exposition will be the examination of the efficiency
properties of those social “situations allowed by our model as stable
equilibria. In the context of scientific research, we can make a distinction
between two senses of the term 'efficiency’. On the one hand, it is possible
to talk about 'efficiency’ in the sense in which the term is commonly used
in economic theory, especially in welfare economics (7. e., the so called
'Paretian efficiency'). In this sense, a social equilibrium will be efficient if
and only if there is no other situation where somebody gets a higher utility
and nobody suffers a utility loss with respect to the first situation. On the
other hand, since we are analysing in particular the social production of
knowledge, we can talk about the 'epistemic efficiency’ of the equilibria. In
this sense, efficiency will mean that, if § has for everybody at least the
same epistemic value than 7, then the former should not be less accepted
than the latter (we can call this second concept Paretian epistemic effi-
ciency).16
With respect to 'welfare efficiency’, the main results are the following:

(1) If there is only one equilibrium, or if there is no equilibrium in which

P(S) equals 0 or 1, then all the equilibria will be efficient.

Proof: Imagine an equilibrium like A4 in fig. 7.b. If we move to the left,
to another point like C, there will be some researchers who still do not
accept S. Since the line Ny of fig. 7.a is assumed to be decreasing, the util-
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ity of those researchers will be lower in C than the utility they had in 4.
The same is valid for every point to the right of A and different of 1 (be it
an equilibrium or not).

If, on the other hand, 1 is not an equilibrium, then, if P(§) = 1 were the
actual situation, there would be at least some researcher accepting S in that
point, but who would prefer not to accept it given the choices of the rest;
that is, her utility accepting Sat 1 is lower than not accepting it, which, on
the other hand, is lower than the utility she would have at point 4 also not
accepting S.

The argument is analogous for all the points to the left of 4, or if A4 is
placed at 0 or 1. In conclusion, under the conditions stated in the theorem,
any move of the social situation from A makes some researcher worse than

she is at A4, and so, A is Paretian-efficient. Q.E.D.
a) b)

P(S)

RC

P P P(S) i

P oy PO

Figure 7

(2) If there are more than one equilibrium, and one of them corre:fond:
10 P(S) = 0 or P(S) = 1, then the other equilibria may be not efficient.

Proof: If RC(1) = 1 (. e, if 1 is an equilibrium, like in fig. 3) and there
is at least another equilibrium A, the utility of those researchers who reject
proposition S in A can be higher when they accept § at point 1, because 4;

in fig. 7.a is increasing. The proof is analogous if RC(0) = 0 and there are
other equilibria. Q.E.D.

With respect to epistemic efficiency, the main results are the following:
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(3) If both the reaction curve of S and that of T have many equilibria, it
is possible that EV;(S) < EV; (T) for every i and EV(S) < EV; (T) for
some 1, but P(T) < P(S).

Proof: If the epistemic value of T'is higher than that of § for somebody
and is not lower for anybody, then the reaction curve of T can not be under
the reaction curve of § at any point, for, given any value of P(S) = P(T),
there will be at least as more people willing to accept T than willing to
accept S. Bu, if both curves have many equilibria, then it is possible that
the actual equilibrium of T (say, A) is below that of S (say, B), as depicted
in fig. 8. Q.E.D.

P(S)
PT)
s
RC(T) =
RC(S)
! P(S)
P(T)
Figure 8

This theorem is one of the most pessimistic conclusions of our model.
- It means that there is no guarantee, in principle, that the scientific commu-
nity will chose a 'good’ consensus from the epistemic point of view (one
which reasonably corresponds to the epistemic value that the statement in
question has for each researcher), even if its members' decisions are indi-
vidually rational. For example, everybody can be internally convinced that
a commonly accepted proposition has a very low epistemic value, while
they follow accepting it merely because the rest do the same. This is an
example of what Banerjee (1992) calls a 'herd externality’. The following
theorem is, however, more optimistic.

(4) It is possible that EV(S) increases for somebody (1 because of the result
of new experiments, for example) and does not decrease for anybody,

but P(S) decreases.
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Proof: Given an increment in the epistemic value of S for at least some
researchers, and no decrement for the rest, the reaction curve of S will move
upwards, as in the passing from RC; to RCj in fig.. 9. If this move were
made without any intermediate steps, the equilibrium would pass from
point A to Cor from Bto E. But, if the passing from RC, to RC; has been
made through RC, (for example, because, before discovering the new evi-
dence highly favouring S, some more problematic findings had been
made), in this case, the equilibrium will move from A or Bto D to E. So,
if the original equilibrium were 4, it could be possible that the new equi-
librium were lesser, in spite of the fact that S is now at least as good as

before for everybody. Q. E. D.

P(S)
1
RC)
A
RC,
E
Z RC,
D
1 P(S)
Figure 9

This theorem indicates that changes in the rate of acceptance of a propo-
sition do not necessarily respond in a 'sound’ way to changes in the epis-
temic valuations that researchers do of that proposition. The order in which
the arguments in favour or against a statement have been presented is rele-
vant for determining its actual degree of consensus, and this can make it
that, what in the aggregate is an epistemic improvement of a theory pro-
duces a loss of 'social confidence' in that theory.

9. Negotiation and coalitions

One of the most shocking ideas introduced by constructivist sociologists
of science two decades ago was the concept of 'negotiation’.17 I confess
that, as a philosopher of science, and before beginning to study the eco-
nomic aspects of research, it was difficult for me to understand in a precise
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way what those authors meant with that term, and I suspect that this was
also the situation of many other philosophers. The economics of scientific
consensus offers an opportunity to illuminate that concept with a more pre-
cise meaning, although I think that it is not the meaning which is applica-
ble to the main examples provided by those sociologists (since these ex-
amples refer more to the production of new scientific statements in the
laboratory, an aspect of research which I have left aside of my model). I
propose to interpret the term 'negotiation’ as referring to collective decisions,
that is, situations in which the individual researcher does not take her deci-
sion isolatedly (assuming the decisions of others as given), but discussing
with others what decision to take together and simmultaneously.

If we allow for the possibility of collective decisions, that is, of deci-

sions taken by consensus among a group (not necessarily identical to the

whole scientific community under study), then there is a possibility of
'jumping' from one equilibrium to another. Let us suppose, in fig. 7.b, that
the scientific community is originally at equilibrium A4, and that there is a
proportion of researchers higher than P/ — such that they are rejecting § at
A, but who would prefer to be at equilibrium Caccepting that statement (i
e., for each member 7 of that group, the height of the curve Ag in diagram
7.a is bigger at P2 than the height of Nyat /). In this case, if this group
forms a coalition and takes collectively the decision of accepting S (a de-
cision which would be irrational for each member individually, without
the other members' compromise of changing their decisions in the same
way), then the unstable equilibrium B will be surpassed, and the commu-
nity will move towards C. It is easy to see that, the closer are P! and I,
the more probable is the existence of a coaliton interested in 'jumping at
once' to C, since the necessary size of the group will be smaller. Note also
that those researchers most interested in ‘jumping’ will be those who are, in
A, almost indifferent between accepting and not accepting S, since for
them the utility associated to the acceptance of Sin Cwill be surely higher
than the urility of rejecting it in A (which, by hypothesis, is close to the
utility of accepting S in A). Furthermore, it can be reasonable assumed that
'negotiation’ is not free of costs, and thar these costs will increase with the
size of the coalition necessary to 'jump'. So, these 'jumps’ will more proba-
bly be observed when the distance from 0 to P! is relatively small. On the
other hand, the model of collective decisions becomes more complicated
if we assume that scientists do not know exactly the shape of RC. In this
case they will take their decisions on the ground of their expectations, and
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the path to an equilibrium will be more aleatory. I leave for another occa-
sion the study of this possibility.

It is interesting to note that, if the jump from A4 to C is possible, the
inverse jump will not. The reason is the following: we can divide the
community into four groups, which are @) those researchers who would ac-
cept S both at A4 than at C, 4) those who would not accepr it neither at 4
nor at G, (these two groups do not have any influence in the jump's success),
¢) those who would accept S at Cand would not do it at 4, but prefer 4 to
C, and d) those who would accept S at C and would not do it at A, but
prefer C to A. Of course, if the group cis bigger than P2— P/, then the jump
from A to C will be possible and the other jump not, and if the group dis
bigger than P/ — P, then the converse will be true.18

The possibility of collective decisions allows to avoid the three worst
conclusions of the preceding sections. In the first place, underdetermina-
tion disappears, since only one equilibrium is now possible in each reaction
curve (provided they had two stable equilibria). In the second place, wel-
fare inefficiency is also eliminated, since, if a community was at point A
in fig. 3, for example, but everybody preferred to be at 1, then those not
accepting S at 4 could take the collective decision of jumping from the
inefficient equilibrium to the efficient one. And finally, the epistemic
inefficiencies also disappears, though now the proof is not as evident as
before. Recall that these inefficiencies lied in the fact thar, in a case like
that of fig. 8, the actual equilibrium of RC(S) could be higher than the one
of RC(T), while everybody might agree that T'is better than §; if a point
like B has been chosen collectively in the case of S, it is because there are
more researchers who preferred that point to the lower equilibrium of §
than people whose preferences were the other way; but, since 7 has at least
the same epistemic value for everybody than S, all those individuals who
prefer the higher equilibrium of S to the lower will also prefer the higher
equilibrium of 7 to the lower (for the difference in utility between accept-
ing S at the higher equilibrium and not accepting it at the lower —recall
fig. 1.d- is lesser than the difference corresponding to 7). The argument is
parallel for the case described in fig. 9.

We can resume these conclusions in the following proposition:

(5) If the formation of coalitions is allowed and has no costs, and if the re-
action curves are convex, concave or S-shaped, then there will be only
one feasible equilibrium for each reaction curve, and it will be efficient
in the welfarist and in the epistemic sense.l9
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Of course, the 'negotiations’ considered in this section are only a formal
instrument of analysis, and it can be doubted whether they have some corre-
spondence to the reality of scientific communities. In the first place, my
analysis is grounded on the rather strong assumption that all the possible
equilibria are known by everydoby; given the other assumptions of my
model about the information that researchers possess and are able to com-
municate; it is difficult to see how this knowledge can be actually
achieved; at most, they might form an idea of the shape of the reaction
curve, through the experience of the adjusting process which led to the last
equilibrium (see fig.2.b and 4). In any case, the moral of my analysis is
that all institutional arrangements which serve to generate a public knowl-
edge of the full reaction curve will increase the efficiency of the process of
consensus formation.

In the second place, real mechanisms of collective decision may be
based on a more complex institutional structure than that assumed in my
model; for example, not everybody may have the same freedom to 'nego-
tiate', 'transaction costs' have to be taken into account, and other criteria
besides individual utilities may have evolved to settle the 'negotiations’
(for example, concrete epistemic or social values may be favoured by the
scientific institutions). But, considering that the idealised kind of collec-
tive decisions analysed above (so to say, 'individualist' and with 'freedom
of entry') tends to produce efficient equilibria, it will be interesting to
study if the empirically given mechanisms of social choice existing within
the scientific communities are also, and to what extent, efficiency promot-
ing.

10. Conclusions and prospects

The simple model offered in this paper has tried to illuminate the process
through which scientific propositions are accepted or rejected by the
members of a scientific community. The model is based on the assump-
tion thar researchers act rationally when they decide to accept or to reject a
given proposition, though, as they are not omniscient nor asocial subjects,
they will usually make their choices taking into consideration the choices
made by their colleagues; stated differently, they will employ not only
their 'private’ information on the epistemic value of a statement and their

- own methodological preferences, but will also take the actions of others as

a 'signal’ of that epistemic value. The model has shown that, as many soci-
ologists of science defend, if 'scientific knowledge' is what a scientific
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community accepts as such, then the epistemic criteria of individual re-
searchers are not enough to explain what has to be taken as 'scientific
knowledge': it is also necessary to take into account the mutual interde-
pendence between different individuals. But it has also shown that, even
when this interdependence is considered, there can exist several 'social con-
figurations of knowledge', and which is the actual one will normally de-
pend upon more or less accidental events in each research process. The
model has also shown that 'little’ changes in the private evidence each re-
searcher has can produce 'revolutionary' changes in the rates of acceptance of
scientific statements. The possible existence of many equilibria entails
also that the actual equilibrium needs not be 'efficient’, neither in the wel-
farist nor in the epistemic sense of the word, though the possibility of
forming coalitions can provide an escape from inefficient equilibria. Epis-
temic inefficiency is especially problematic in the case of a social institu-
tion such as science; it entails that, even when everybody recognises 'pri-
vately' a theory as better than another, the scientific community can 'prefer’
the theory which is worse for everybody. This is due to the fact that the
individual researcher does not know the 'private' preferences of her col-
leagues, only their 'public’ decisions. The study of what institutional
mechanisms (such as the coalitions of the preceding section) could promote
efficiency in the epistemic sense is undoubtedly an interesting task for the
'new economics of science’, and one in which the economic approach has
obvious advantages over the radical sociologic approaches who firstly in-
sisted on these inefficiency effects.

The model has completely ignored the reasons why new statements are
devised and new theoretical or empirical arguments defending or attack-
ing old and new propositions are proposed by scientists. But it is reason-
able to assume that what matters in these cases for the individual researcher
is especially the social level of acceptance of the statements proposed by her.
So, our model can also serve as a preliminary background to analyse the
behaviour of scientists as producers of knowledge, and not only as evaluators
of statements.

Appendix A. Equilibrium of rival statements

Though I have simplified the decision researchers have to take about one stare-
ment as 'to accept it or not to accept it', things are, of course, not so simple in
reality. What scientists have normally to do is to select one among a set of rival
statements; even when no more than one proposition S has been set forth to inter-
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pret a set of phenomena, they have to choose between accepting S and accepting
not-S. Similarly, what moves each researcher to choose her optimal decision
about S is not only her own private information on this statement and what her
colleagues manifest about it, but also what these other researchers manifest about
the alternative statements which have been proposed. In the most simple case,
when only two propositions are being discussed (say, Sand 7), this means that we
should to add to fig. 1.a-b a third graphic whose abscise is P(7), with the proviso
that P(S) + P(T) should be at most equal to 1. The aggregation of all individual
decisions is shown in fig. 10, where RC(S,0) is the reaction curve of S when
P(T) = 0, and RC(S,I-x,x) is the curve formed by the final points of each reaction
curve RC(S,x); so, for each value of P(T), the curve R(S) shows what value of P(S)
would correspond to an equilibrium of RC(S). For every point (x, y) to the left of
R(S) (being x the value of P(S) and y the value of P(7) corresponding to that
point), we obrtain that RC(S,x,5) > x, while for points point (x, y) to the right of
R(S), RC(S,xy) < x. The description is analogous for 7 A global equilibrium
occurs when R(S) crosses R(7), as in point A of fig. 10. The situation is more
complicated, but not essentially different, when the reaction curves of S or 7 have
more than one possible equilibrium. :

P(S)

RC(S5,0)

RC(S, t-x,x)
PT)
: 1 P(S)
RC(T,0)
RC(T, 1-x,x)
P(TH :
Figure 10
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That some equilibrium must exist is shown by reductio ad absurdum in fig. 11,
where R(S) and R(T) are assumed not to cross. If this were the case, we would
have, for a point like B, of the form (xp I-xg), and lying to left of R(S) and above
R(T), that RC(S,xp1-xy) > x and RC(T,1-xpxa) > 1-x, and so, RC(S,xp 1-xp) +
RC(T, 1-x,x,) > 1, which is impossible.

P(S)
1
RC(S. 0)
RC(S, 1-x,x)
P(T)
1 i i
: 1 P(S)
RC(T, 0)
R(S)i
B = (xo, |-X0)
R(T)
RC(T, 1-x,x}
1
P(T)
Fig. 11

Appendix B. Consensus formation when each scientist has a different weight in the
scientific community

Let us examine firstly the situation arising when each scientist has a different
weight w; whithin her community, and this weight is commonly recognised by all
her colleagues. In this case, we can change the variable P(S) in the utility function
of each researcher for X, 5 w/Z,p, that is, the proportion of the sum of the
weights of those who accept S to the sum of all weights (this, on the other hand,
may be normalised to be equal to the unity). The only possible values that this
sum can take correspond to those rational numbers /%, av; for which there is some
subset J of weights such that 2 = Zu,; and there are only a finite number of these
subsets. The existence of an equilibrium is proven in this case analogously to the
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proof presented in section 5: if neither 0 nor 1 are equilibria, the first value of /£
ie; which is lesser than RC(a/% ;) will be necessarily preceded by another
value which is an equilibrium.

Let us suppose now that each scientists has a different weight in the utility
function of the others, but that different researchers can attach a different weight
to the same colleague. In this case, the utility functions of accepting and of not
accepting § is better deffined on the possible subsets of the scientific community.
The assumption that 4 is increasing with P(S) and N; decreasing is now trans-
formed in the following: if 7 accepts S when it is accepted by the subset Q, then
she will also accept S if it is accepted by any subset R in which Q is included.
For any subset Q of the community, let 7(Q,S) be the subset of those who would
decide to accept S if it were accepted by all the other members of Q (I will
ignore henceforth the reference to S). This entails that, if Q c R, then 7(: Q) c r(R).
On the other hand, a social equilibrium is now a subset A of the community such
that A =r (A).

In order to prove that some equilibrium must exist in this situation, suppose
firstly that there is some subset A of the whole community N such that r(4) c A
(see fig. 12 for this and the following two cases). Let define »(4) inductively in
the following way: 7/(A4) = (A), and r*+1(A) = r(m(A)). In this case, for every n it
will occur that r7+/(A) c m(A). Since the number of researchers is finite, we will
have that 7+1 (4) = rm(A) for some m, and so, m(A) will be an equilibrium. In the
second place, suppose that there is some set B such that B c 7(B); in this case, we
will have that m(B) < m+1(B) for every 7, and, for the same reason than before,
rml (B) = ym(B) for some m. Lastly, if Cis not included in 7(C) nor vice versa,
define 7r(C) as #(C) and »1#(C) as r(C U "#(C)). It can be shown that w(C) <
m1r(C) for every n, and so, that 7+ (C) = H(C L mr(C)) = mr(C) for some m. If C is
included in 7 (C), the former identity will be equivalent to 7(nr(C)) = mr(C), and
so 7r(C) will be an equilibrium. If Cis not included in 7#(C), note that mr(C) is
included in Cu 7r(C), and so r(C U mr(C)) [= mr(C)] ¢ C u mr(C), what is an ex-
ample of the first supposition (7. e., the case where r(4) c A); so, there will be an
m ' such that rm+/ (C U mr(C)) = rm(C U mr(C)), and this set will be an equilibrium.
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r(B)

r3)

Fig. 12

Unfortunately, the existence of some equilibria does not guarantee now that
one of them is necessarily reached. For example, we can have a pair of subsets 4
and B, suchthat A B Bz A, A = r(B) and B = r(A). In this case, if one of these
subsets has been reached, the social situation will oscillate between both, without
reaching an equilibrium (at least, whlle no changes in the empirical evidence take
place).

THEORIA - Segunda Epom_ 485
Vol. 14/3, 1999, 461-488




J.P. ZAMORA BONILLA THE ELEMENTARY ECONOMICS OF SCIENTIFIC CONSENSUS

Notes

T Research for this paper has been funded by the Spanish Government's DGICYT, as part
of research project PB 95-0125-C06. A preliminary version was presented at the Per-
manent Seminar on Economic Methodology organised by Juan Carlos Garcia-
Bermejo at Universidad Auténoma de Madrid, in February 1998. I am grateful to
prof. Garcfa-Bermejo for giving me the opportunity of discussing publicly my ideas.
I have received also interesting and helpful comments from Francisco Alvarez,
Miguel Beltrdn, José Antonio Lépez-Cerezo, Uskali Miki, Juan Urrutia and José
‘Luis Zofio. ‘

1 Some recent surveys are Dasgupta and David (1994) and Stephan (1996), as well as the
monograph Wible (1998). Kitcher (1993) offers in its last chapter a derailed eco-
nomic model of the scientific researchers' decisions, which is until now the most
elaborate proposal from the philosophical side.

2 Of course, two statements with the same rate of acceptance can actually have very differ-
ent epistemic or social values; but these differences will not be important for the ques-
tions my model tries to answer, and so, I will ignore them here. On the other hand, by
‘'social value' I mean just the "aggregate’ value that a proposition has for the scientific
community, as opposed to the value it has for an individual scientist; I do nor refer
here, of course, to the 'economic’ value of a piece of knowledge for society in general.

3 Of course, I refer only to those mechanisms not grounded on coercion. Kircher (1993)
correctly presents the study of science as the study of the evolution and working of its
'consensus mechanisms', but the formation of this consensus is an element not suffi-
ciently present in his own economic model. In particular, he does not study the eco-
nomic properties of that consensus.

4 This insistence in the importance of the 'division of cognitive labour’ is also an essen-
tial component of Kitcher's model.

5 On the concepr of 'increasing returns to adoption', see Arthur (1989). An intuitive exam-
ple is the fax: think of the utility that buying a fax would have for you if you were the
first person in adopting that innovation, and compare it with the utilicy of buying a
fax if millions of other people already had one. In the same way, using the proposi-
tion § (in the context of an argument in favour or against another proposition) will be
more useful for you if many people accept S than if it is a much more controversial
statement.

6 A different, but simmilar formalisation of this situation has been developped by Brock
and Durlauf (1997). The main differences berween my model and theirs are, first, that
they assume a definite mathematical form of the urility functions, while my conclu-
sions are based on more general assumptions, and are, hence, more 'robust’; second, thar
they design the researcher's decision as a choice between two theories, not allowing,
hence, for the possibility of 'suspension of judgement’, even if the epistemic values of
both theories are very small; third, they base the researcher's decision on her expecta-
tions about her colleagues' decisions, instead of, as I do, on her observation of these de-
cisions (this makes my model less sophisticated); and fourth, most of their conclusions
essentially depend on the unrealistic assumption that the ratio between the epistemic
values of each theory is the same for every researcher.
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I thank professors Brock and Durlauf for having let me know their paper.

7 A problem with this possibility is that, since I have assumed that £V is essentially 'pri-
vate' and 'non-quantitative’, it does not allow to make 'interpersonal comparisons of
epistemic utility', so to say, and hence these private epistemic values would be hardly
communicable in a public fashion. An obvious consequence of this is that EV; can not
be read simply as a Bayesian probability function (for example, two statements can
have the same subjective probability and still have two different epistemic values, be-
cause one of them is simpler, or more general, and so on).

8 For an explanation of this idea, see Woolgar (1988), ch. 5.
9 1 owe this observation to Juan Urrutia.

10 See, for example, Banerjee (1992), where some scientific decisions (those correspond-
ing to which lines of research to choose) are taken as typical examples of ‘herding'.
Banerjee's main conclusion (that herding can cause a negative externality by making
the agents not to employ optimally all the information they privately possess) is in-
deed very similar to one of my efficiency results in section 8.

11 Of course, RC'is not a continuous curve, but a series of discrete points; nonetheless, i f
the relevant community is 'large’, a line can serve as a useful graphical representation.

12 If the peak of the distribution of indifference points is at one extreme (i e, at (§) = 0
or 1), the reaction curve will be concave or convex, respectively.

13 For the concept of path-dependence, see especially Arthur (1989) and David (1984).
Though they talk mainly about technologies, most of their comments can be applied
to knowledge in general, and to scientific knowledge in particular.

14 In some stronger versions, many theories are equally well confirmed by the same em-
pirical dara.

15 Another plausible interpretation of this phenomenon is that offered by Brock and
Durlauf (1997): after a long period of discussion, consensus about a theoretical state-
ment may emerge more or less suddenly, due to-the effects thar the last small changes in
the empirical evidence have on the toral evidence.

16 An alternative approach could be to construct a 'social utility function’ and a "social
epistemic utility function' (e. g., as the sum of the utilities and epistemic values, resp.,
associated by each individual researcher to the acceptance of each statement), and to de-
fine the efficiency of a social situation as the maximisation of some of these func-
tions. The conclusions from this alternative approach may be very different from
those explained below, but 1 am very pesimistic about the possibility of defining
those social utility functions in a consistent and operational way, since individual
utilities and epistemic valuations are simply the numerical expression of comparative
orderings, and not really additive quantities. Of course, my pessimism does not pre-
clude thar an interesting use of that approach might be made.

17 See, for example, Latour and Woolgar (1979) and Knorr-Cetina (1981).

18 | have ignored the possibility that some researchers are indifferent berween A and C,
because their number will be normally lesser than that of the groups cand 4.

19 Recall that this 'efficiency’ is always understood in a Paretian way, and not by reference
to the arrainment of a particular epistemic goal.
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