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JESI]S P. ZAMORA BONILLA 

VERISIMILITUDE, STRUCTURALISM AND SCIENTIFIC 

PROGRESS* 

ABSTRACT. An epistemic notion of verisimilitude (as the 'degree in which a theory seems 

closer to the full truth to a scientific community') is defined in several ways. Application to 
the structuralist description of theories is carried out by introducing a notion of 'empirical 
regularity' in structuralist terms. It is argued that these definitions of verisimilitude can be 
used to give formal reconstructions of scientific methodologies such as falsificationism, 
conventionalism and normal science. 

1. INTRODUCTION 

Two major trends within contemporary philosophy of science have been 
the so called 'non-statement view', or structuralism, that goes back to the 
work of Patrick Suppes and specially to Sneed's The Logical Structure 
of Mathematical Physics, and the so-called 'verisimilitude programme', 
inaugurated by Popper's article 'Truth, Rationality and the Development 
of Knowledge', the central chapter of his Conjectures and Refutations. ~ 
Both trends followed their own courses during the last three decades and, 
although some attempts at relating them were made, the fact is that, today, 
structuralists are still some of the hardest enemies of the realist interpreta- 
tion of scientific theories underlying the verisimilitude programme. 

One of the main attempts to join both views was that of  Niiniluoto 
(1978), but his concluding comments (indicating the compatibility of both 
approaches) have not really been taken into account in the subsequent 
expositions of the non-statement view. 2 Also in his (1987) Niiniluoto 
has developed some interesting connections (that will be commented on 
below), but, until this moment, silence has again been the answer. 

At first sight, there seems to be no specific reason for competition 
between both programmes, since they had two very different aims: Sneed's 
theory was presented as a way of analyzing the structure and develop- 
ment of scientific theories, and it had only a few things to tell about the 
aim of science as a rational activity. On the contrary, the verisimilitude 
programme was explicitly stated to describe that aim and the notion of 
'progress towards that aim', and it had almost nothing to say about the 

Erkenntnis 44: 25-47, 1996. 
(~) 1996 Kluwer Academic Publishers. Printed in the Netherlands. 
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structure of scientific theories. But, in spite of this, defenders of struc- 
turalism were mainly instrumentalist and followers of Kuhn's view on 
the normal/revolutionary development of science, while verisimilitudin- 
ists were realist and (in a greater or lesser degree) followers of Popper's 
falsificationism. Rivalry, then, was served. So, the structuralists' Architec- 
tonic asserts: 

Most philosophers of science that have taken approximation into consideration have 
assumed the 'statement view' more or less explicitly ( . . . )  and have considered approx- 
imation as a relation between some statement and ' the truth'; i.e., as a relation between 
some (false) empirical statements that we know and true empirical statements that we do 

not know. Along these lines the concept of verisimilitude was introduced as a property of 
those statements that appear in real science ( . . . )  This account faces difficulties of episte- 
mological nature as well as of applicability to real-life examples [and] we can avoid these 
difficulties by shifting the level of comparison from sentences to models. 3 

The shift was offered by Moulines' treatment of scientific approxima- 
tion, 4 and, up to the moment, this is the canonical work on approximation 
within structuralism. Moulines' ideas on this issue have been shown by 
Niiniluoto 5 to be compatible with the notion of verisimilitude, and in fact, 
I will take them here almost in their original form to relate them with my 
own definitions of truthlikeness. This will be done in Section 3. Section 2 
will present a 'methodological approach' to verisimilitude. The two final 
sections will connect this approach with the 'non-statement view' (Section 
4) and discuss the notions of scientific progress that can be derived from 
it, comparing them with those proposed by structuralists (Section 5). 

2. THE METHODOLOGICAL APPROACH TO VERISIMILITUDE 

"Difficulties of epistemological nature as well as of applicability to real- 
life examples" are, certainly, very well known to verisimilitudinists. These 
difficulties left the truthlikeness programme in an impasse from which it 
was difficult to escape. The full majestic buildings of two works such as 
Oddie (1986) and Niiniluoto (1987), as well as other minor (in length) 
contributions, ran the risk of succumbing under the weight of those prob- 
lems. 

The main troubles are the following two: 
(1) Almost all interesting definitions of truthlikeness presented until 

now are subjected to the problem of 'linguistic variance'; that is: it can be 
the case that theory A is more truthlike than theory B when both are stated 
in language L, but the converse is true when another language U is chosen 
to express those theories. 

(2) Although some epistemic notions related to that of 'objective 
verisimilitude' have been elaborated, they are hardly applicable to real 
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cases, either because of their naivety or because of the immense mathe- 
matical complexity involved in their application; some 'fair mean term' 
should be desirable. 

The second of these problems has left the verisimilitude programme in 
a rather 'quixotic' position, since, in spite of the efforts made to defend the 
notion of scientific progress as 'progress towards the truth', in fact almost 
no workable method to recognize this kind of progress in actual scientific 
practice has been offered. 6 

The first problem is still more serious, since the possibility stated in the 
A-B-L-L r example amounts to throwing 'objectivity' overboard and to 
falling into relativism: if comparisons of verisimilitude are always frame- 
work dependent, then, defenders of one paradigm (in Kuhn's sense) can 
take its development as a constant progress towards the truth, while at the 
same time the members of a rival community are judging this development 
as a fanciful and ad hoc series of chimerical ideas. This is possible even if 
both communities share the same 'definition' of verisimilitude! 

The 'methodological approach' that is developed in this paper gives 
a tentative solution to both problems by deflating a little the aim of the 
verisimilitude programme. What I propose is to take as our main target 
some definition of an epistemic concept of 'likeness to the truth', under- 
stood as 'the degree in which a theory seems close to the full truth about 
some given problem to a given subject (or community)', instead of as an 
'objective degree of closeness to the full truth'.7 

In fact, it has been acknowledged by most authors (especially when 
facing the linguistic variance problem) that the notion of verisimilitude 
only makes sense when it is expressed in relation to a given language, a 
conceptual framework, and so on. But in spite of this, defenders of truth- 
likeness have always been reluctant to abandon their objectivist scenarios, 
and they have usually dreamt of some epistemic or mathematical devices 
that would pick out 'sound' language-shifts from 'unsound' ones. Needless 
to say, the dream has not come true until now. 8 

In the framework of our strategy, no formal limits should be put a 
priori to the languages in which scientific statements are expressed, and 
'objectivity' will be saved by showing that certain comparative judgments 
on verisimilitude (but not all) are valid for every subject who accepts 
certain premises (see specially (13) below). 

To begin with, let C denote a scientific community, let P refer to a given 
scientific problem (for example, 'what happened during the first minutes 
of the Universe?', 'how can A.I.D.S. be healed?', 'what kinds of societies 
existed in pre-Roman Spain?', 'how can the economic crisis be solved?', 
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and so on), and let "~(P, C) denote the set of all theoretical hypotheses that 
can be discussed by C as (parts of) interesting tentative solutions of P.  

On the other hand, E(P, C) will contain the set of all propositions that 
are relevant to the solution and/or the statement of P,  and such that the 
scientific community believes itself to be able to empirically determine 
their truth value (perhaps with a certain margin of error). E~ will be the 
conjunction of all elements of E(P, C) whose truth has been established 
by the community at moment t; I think of Et as a collection of general 
statements (i.e. "empirical laws") rather than singular ones, but both cases 
are possible in principle. Lastly, B(P, C) will denote the conjunction 
of all (conscious and unconscious) background assumptions held by the 
community with respect to the problem P. By 'background assumptions' I 
refer to those ideas that are not put into question by the scientific community 
because they have, perhaps, some sort of 'self-evidence' for its members; 
they can be ontological axioms ('acceptable theories must be causal'), 
methodological advice ('the simplest theories are the most probable'), 
cultural prejudices ('theories coming from Latin America can't be good! '), 
and so on. 

•(P, C) and E(P, C) are not 'closed' sets: they can lose or gain mem- 
bers through time, and members of T(P, C) can even become members 
of E(P r, C r) and vice versa. I will suppose, however, that, in a concrete 
research, 7"(P, C) and E (P, C) are disjoint sets, that is, empirical laws are 
seen as something to be explained by theoretical hypotheses, but not as 
propositions with explanatory force. 

I will now make another central assumption: that a subjective com- 
parative relation of probability (not necessarily connected) between the 
propositions considered by the researchers is held by the scientific com- 
munity, though perhaps individual members could disagree about some 
concrete probability comparisons. This comparative relation of probabil- 
ity is supposed to be expressible by any arbitrary numerical function 
obeying the axioms of probability theory. Such comparisons have the form 
'p(X/B(P,  C)) <_ p(Y/B(P, C))' (reference to B, P and C will be omit- 
ted below). 

Though it is a little imprecise, I will refer to expressions of the form 
'p(X) '  - that is, 'p(X/B(P, C))' - as 'prior' probabilities. Another inter- 
esting assumption will be that p(E) > 0 for every E E F~(P, C): if the 
prior probability of E were 0, then C would not think it necessary to 
determine E's  truth value by means of experience, and so, E would not 
belong to F~P, C) and -~E would be a member of B(P, C). 

With these conceptual tools at hand, the central thesis of our approach 
can already be made explicit; we will first state it in informal terms: 
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(1)i. 

ii. 

The epistemic aim of any scientific community is to solve its 
epistemic problems by means of theories having the highest 
degree of verisimilitude. 

The verisimilitude of a theory T at moment t is an increasing 
function of the degree of similarity between T and Et, and also 
an increasing function of the rigour of Et. 

This informal characterization of the methodological approach to veri- 
similitude can be made explicit in an indefinite number of formal ways; I 
am going to consider the following: 

(2)i. The similarity between two statements A and B is given by 

Sire(A, B) = p(A & B) /p(A V B) 

= p ( A & B / A V  B). 

ii. The rigour of a statement A is given by 

Rig(A) = 1/p(A). 

iii. The verisimilitude of T(E "II"(P,C)) in the light of E(E 
E(P, C)) is given by 

E) = E). Rig(E) 
a: v E). p(E)] 

= p ( T / E ) / p ( T V  E). 

Neither (1) nor (2) are so much analytical definitions as mere hypothe- 
ses, whose correctness or incorrectness is to be decided by contrasting their 
results with researchers' real practice, rather than by a priori arguments. In 
any case, some clarification will surely be welcome. 

An aspect of our function 'Sim' that can look strange is that it gives the 
minimal value (zero) to all pairs of incompatible statements. In fact, this 
'problem' will be solved in the next section, when an underlying notion of 
similarity or distance between points of the logical space will be assumed. 
For the moment, take into account that no such notion has been supposed, 
and so, there is no longer any reason to think that the 'points' in the logical 
space outside the extension of a statement can be 'close' to it in one sense 
or another. That is, we are simply 'putting into brackets' those reasons that 
could make us think that two contradictory statements can describe more or 
less similar situations, since those reasons can be considered separately. 

The 'epistemic problems' referred to in (1.i) are of the kind shown by 
the examples given several paragraphs above, that is, 'epistemic problems', 
not of the type 'What is a man like me doing in a lab like this?' 
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The notion of verisimilitude underlying my approach is sketched in 
(1 .ii): I assert as a meta-scientific hypothesis that the degree of verisimili- 
tude (or 'apparent degree of closeness to the full truth about an epistemic 
problem') given to a theory by a scientific community depends on two 
subjective factors: the degree of similarity between that theory and the 
conjunction of the empirically accepted 'data', on the one hand, and the 
'strength', 'content' or 'rigour' of that conjunction of data, on the other 
hand. The subjective nature of these factors does not imply that they are 
completely arbitrary: for example, if both notions are defined by means 
of probability (as in (2i-ii)), then they will be constrained by the laws of 
probability theory. As has been stated, additional subjective factors will be 
introduced in the next section. 

According to (2i), the similarity between two statements is equal to 
the probability of their 'coincidence', that is, to the probability of both 
being true, assuming that at least one of  them is true. A direct consequence 
(already commented on) is that two incompatible propositions always have 
a zero degree of similarity. I think this is surely what has prevented oth- 
er authors from choosing (2i), or a related notion, as (the basis of an) 
interesting concept of verisimilitude, preferring to work with the idea of 
'symmetric difference' (in our probabilistic scenario it would be expressed 
as ' p ( ( a  & -~B) V (B & -~A))', or ' p (a  A B) ' ;  when A A B is included in 
A A C, it is said that B is closer to A than C 'in the naive sense'). 9 After 
all, the notion of truthlikeness had been created to allow some false theo- 
ries to be 'falser' than others (as expressed by Newton-Smith (1981)), and 
(2i) does not allow to make this difference between 'refuted' theories (that 
is, theories contradicting some supposedly true empirical statement). But 
it will be argued below that in some scientific contexts (2i) is an acceptable 
notion of similarity between statements, 1~ and more sophisticated defini- 
tions of verisimilitude will be based on it, and so, it is interesting to study 
it in the first place. 

As regards (2ii), my hypothesis is that the rigour of a statement is 
an inverse function of its prior probability, that is, the less probable A 
is (not assuming any other synthetic statement), the more rigorous it 
is. So, our concept of rigour is akin to the notion of 'logical content' 
(Ct (A)  = 1 - p(A)).  The precise mathematical function defining ' R i g ( a ) '  
has been chosen arbitrarily: this choice is justified only by its logical con- 
sequences. 

The last observation is also applicable to the definition of Vsl:  tak- 
ing the product of Sire  and Rig, instead of any other function, is an 
arbitrary decision, but it will also prove its adequacy by means of its 
consequences. 11 
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Therefore, it is the moment to present the main theorems derivable from 
(2iii). I will offer a sketch of the proof only in those cases were it is not 
immediately obvious. 

(3) 
(4) 
(5) 
(6) 

I f T  = Tautology, then VSl(T, E) = 1. 
If T = Contradiction, then V~I (T,  E )  = 0. 

IF E = Tautology, then VSl(T, E) = p(T). 
If E = entails T, then Vsl(T, E) = Rig(T). 

These four theorems state some very acceptable conditions of adequacy 
for VSl. It must be noted that this function can take any non-negative value, 
hence the truthlikeness of a tautology (i.e., one) is really a small value. 
(5) states that the 'prior' verisimilitude of a theory is identical to its prior 
probability, while, according to (6), the verisimilitude of a 'confirmed' 
theory is identical to its rigour. 12 

(7) If T entails E, then V81 (T, E) <_ V81 (T, E & F). 

Proof: If T entails F,  then p(T/E) <_ p(T/E& F), and p(T V E) >_ 
p(Tv 

This theorem indicates that success in prediction involves increase of 
verisimilitude. 

(8) If E entails -~T, then V81 (T, E) = O. 
(9) If E entails T and T entails T ~, then 

VsI(Tt, E) (_ VsI(T,E). 

Proof: If T ~- T', then p(T) < p(T')  and Rig(T') < Rig(T). 

(10) If T entails T t and T t entails E, then 

wl( r, E) < Wl(Tt, E). 

Proof: I f T  ~- E, then VsI(T,E)= p(T/E)/p(E)= p(T)/p(E) 2. 
(9) affirms that between theories confirmed by E,  the strongest is the 

best, while (10) does the same with the weakest of those theories explaining 
E. This should not be taken as entailing that E is the best theory under its 
own light', because E does not belong, by hypothesis, to qY(P, C), that is, 
it is not the statement of a theoretically acceptable solution to P;  usually, 
E is rather a part of P.  But (6) makes us see that, even considering E 
as an 'optimal solution' to E itself, VSl (E, E) will be only Rig(E), and 
so, to increase the level of verisimilitude of our knowledge we should find 
some new empirical evidence. Theories may be useful in this case at least 
in suggesting new predictions. 



32 JESIJS P. ZAMORA BONILLA 

(11) If T is closer to E than T t in the naive sense (that is, if Mod(T)  
z~ Mod(E)  C_ Mod(T')  A Mod(E) ,  or, in an equivalent for- 
mulation, if T &-~E entails T '  and T ' &  E entails T), then 
Vs,(T,E) < W~(T',E). 

Proof: If (T&-~E)  F- T', then (T&-~E)  F- (T '&-~E) ,  and so 
p(T&~E) < p(T'&~E); since p(T V E ) =  p(E) + p(T&~E) and 
p(T'V E)= p(E)+ p(T'&-~E),wehavethatp(TV E) <_ p(T'V E). 
On the other hand, if (T '  & E)  F- T, then (T'  & E)  F- (T & E),  and so 
p( T' & E) <_ p( T & E); this entails that p( T' / E ) < p( T / E ). 

These theorems indicate that the Miller-Kuipers' relation of 'naive 
closeness' is a good criterion (that is, a sufficient condition) for knowing 
whether a theory has more verisimilitude than another in the light of some 
empirical evidence E. But the naive closeness relation should not be used 
as a necessary condition of truthlikeness (see below for some cases in 
which we have comparisons of verisimilitude but not naive closeness). 

(12) IfT&EentailsS, thenVsl(T,E)<_ Vsl(T&S,E).  

Proof'. The antecedent of (12) implies that T & S is closer to E than T in 
the naive sense. 

(12) shows that a theory can be improved by joining to it any hypothet- 
ical statement implied by the conjunction of the theory and the empirical 
evidence. An interesting corollary of (12) says that if S is confirmed by E,  
then T & S will be more truthlike in the light of E than T. 

The following metatheorem expresses the 'objectivist' character of our 
function Vsl : 

(13) Theorems (3)-(12) are independent on the subjective function 
of probability p and on the languages in which theories and 
empirical evidences are stated (if the same relations of entail- 
ment  are valid in those languages). 

Proof: It is obvious, since p is,only assumed to obey the laws of probabil- 
ity theory, and nothing has been assumed with respect to those languages, 
except that the relation of entailment remains preserved under transla- 
tion. 

(13) guarantees that every researcher assuming the antecedents of the- 
orems (3)-(12) will always agree with their conclusions, supposed that 
his epistemic values and attitudes are represented fairly by V~I. It doesn't  
matter either what languages they use, or whether they assign a higher 
or lower probability to T, E and so on. From (11) we can assert that the 
Miller-Kuipers definition also fulfills (13). 
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Now I will offer some theorems in which some comparisons of proba- 
bility between theories are assumed. 

(14) Ifp(F/E) <_ p(F/T&E), thenVsl(T,E) <_ Vsl (T,E&F).  
(15) If p(T)  _< p(T'), and E entails T and T', then Vsl(T', E) <_ 

V~I(T, E).  

(16) If p(T) <_ p(T'), T entails E and T'  entails E,  then 
Wl(T,F.) < E). 

(17) I fp(X/T&E) < p(S/T) , thenVsl(T&S,E) < Vsl(T,E). 

Proof of (17): It can be shown that p(S/T&E)  <_ p(S/T) entails 
p(S/T&E)  <_ p(S V E/T  V E) (since p(S/T) is always lesser than 
p( S V E /T  V E)  ), and this implies that Sim( T & S, E)= p( ( T & S) & E) / 
p((T & S) V E) <_ p(T & E)/p(TV E)=Sim(T,E)). 

(18)a. If F is statistically independent of T, of E,  and of T & E, then 
VSl(T,E) <_ VSl(T,E& F). 

b. Let T, E and F as before, let p(T) = p(S), let Vsl(T, E) = 
Vsl(S, E), and let S entail F; in that case Vsa(T, E& F) <_ 
Vsa (S, E c~7, F).  

Proof of (18): (a) If A and B are statistically independent, then p(A & B) = 
p(a)p(B); so, if the antecedent of the theorem is true, then, as p(T V 
(E&F))  < p(TV E), we have that VsI(T,E ) = p(T&E)/[p(TV 
E)p( E)] _< p(T & E)/~)(T V ( E & F) )p( e)] = p(T & E)p(F)/[p(T V 
(E& F))p(E)p(F)]= Vsl(T,E& F). 

(b) Just note that S ira( T, E & F) < S im( S, E & F), since by hypothe- 
sis Sira(S,  E)  = Sire(T, E), and hence p(T & E & F) <_ p(S & E & F) = 
p(S & E), while p(S V (E & F)) <_ p(T V (E  & F)) .  

(14), (15), (16) and (17) are analogous to (7), (9), (10) and, more or less, 
(12). (14) substitutes 'strict prediction' in (7) by some kind of 'probabilistic 
prediction': if a new fact is not just implied, but only statistically supported 
by a theory, its discovery will make it increase the verisimilitude of this 
theory. Note that the antecedent of (14) is also equivalent to the condition 
'p(T/E) <_ p(T/E& F)', that is, the inductive support of T increases 
when passing from E to E & F. 

(15) and (16) allow to see why naive closeness is not a necessary 
condition to make comparisons of truthlikeness possible. (17) shows a 
way of eliminating certain hypotheses from a complex theory, or, from 
another point of view, a criterion to know whether a hypothesis must be 
attached to a theory or not. 
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(18a) indicates that to pass a test, in the weak sense of not being con- 
firmed nor disconfirmed by it, does not make it decrease the verisimilitude 
of a theory. 

(18b) tells that to be corroborated by the new data (i.e., to predict them 
or to explain them) is better than merely to be compatible with them. 

The following two theorems will connect verisimilitude with logical 
content and inductive support: 

(19) If p(T/E) = p(T'/E) and p(T) <_ p(T'), then V~I (T', E)  _< 

V~,(T,E). 
(20) If p(T) = p(T') and p(T/E) <_ p(T'/E), then V81 (T, E) ~ 

V81 (T', E). 

Proof: (19) Ifp(T/E) = p(T'/E), then condition p(T) _< p(T') is equiv- 
alent to p(T V E) <_ p(T' V E). (20) If p(T) = p(T'), then condition 
p(T/E) < p(T'/E) is equivalent to p(T' V E) <_ p(T V E). 

(19) indicates that, between theories with identical 'inductive support', 
those with more content must be preferred, whereas according to (20), 
between theories of equal content those 'better confirmed' will also be 
more truthlike. 

What kind of scientific methodology emerges from our meta-scientific 
hypothesis (2)? It seems to be a nice (and realistic) mixture of 'falsifica- 
tionism' and 'inductivism':. (7) and (8) are just the main Popperian rules, 
whereas (3), (9), (12) and (15) express a preference for 'bold' theories in 
well-determinate cases. On the other hand, (i0), (t6) and (20) make us 
choose 'well confirmed' or more probable hypotheses (also in determi- 
nate circumstances). In some theorems the 'mixture' is absolute: (14) and 
(17) correspond more or less to the Popperian rules of 'corroboration' and 
'falsification', though stated in probabilistic terms, and (19) allows us to 
prefer a 'bold' theory with the proviso that it is well confirmed. 13 All this 
should not be surprising, since in the last formulation of (2iii) it is clear 
that the verisimilitude of a theory is an increasing function of its 'inductive 
support' (i.e., 'p(T/E)') and of the content of 'T V E '  (and so, ceteris 
paribus, of 'T '  and 'E ' ) .  

It should be remembered that no concrete method of giving values 
to function 'p' is assumed here; I am only supposing that scientists are 
able to make at least qualitative comparisons of 'prior probabilities' or 
of 'empirical confirmation' between hypotheses. These comparisons can 
be, from my present point of view, completely subjective, except in their 
fulfillment of the laws of probability calculus. Of course, they can be 
based on any sophisticated statistical method as well. In fact, my approach 
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is completely neutral with respect to the debate between Bayesians and 
anti-Bayesians, for example. 

This is not the place to give a detailed historiographic account of the 
former theorems' adequacy to actual scientific practice, but it can be seen 
at least that (7), (8), (14) and (18) are widely used in most scientific 
disciplines; in a similar way, (9), (12) and (15) represent the usual method of 
justifying the selection of 'axioms' or 'hypotheses' from which a scientific 
theory or argument is built. (10) and (16), on the other hand, can be taken as 
an expression of the 'principle of simplicity' if we assume that simplicity 
covaries with probability: suppose, for example, that every single axiom A 
has the same probability and is independent of the others; hence, a theory 
explaining an empirical fact with the help of a smaller number of axioms 
is preferable to another theory explaining it through a more complicated 
set of them. 14 Lastly, (20) is a methodological principle held by every 
non-anti-inductivist researcher. 

Rules (11), (17) and (19) do not seem as easy to exemplify in the history 
of science as the others do, but perhaps a thorough inspection of concrete 
examples would show that they are also used in scientific practice. 15 

It must be indicated that comparisons of verisimilitude expressed in 
(14)-(20) are dependent, of course, on the subjective probabilities assigned 
by each researcher or community to theories and empirical data; if these 
subjective probabilities depend also on the chosen language (for example, 
if they are constructed with the help of some formal inductive logic), so 
will verisimilitude. But, in any case, agreement about the antecedents of 
these theorems will always ensure agreement about their consequents. 

3. AVOIDING NAIVE FALSIFICATIONISM 

It has been said over and over again that researchers usually do not elim- 
inate their theories immediately when these have been 'falsified'. More 
specifically, one of the main goals of the verisimilitude programme was 
to provide a conceptual framework allowing us to recognize in the history 
of science a series of false theories progressively closer to the truth. Does 
this entail that our function V~I cannot satisfy the aims it was designed to 
fulfill? 

It must be remembered that Vsl was presented only as apartially valid 
model of scientific research, that is, it was supposed to be valid only in cer- 
tain epistemic contexts (those where falsification of a hypothesis amounts 
to its full rejection). Of course, in many other contexts the strategies asso- 
ciated to V.s i will not be useful, but in those cases our general statement (1) 
can still be perfectly valid. It is not difficult to develop several notions of 
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verisimilitude more or less directly related to (2) and preserving its major 
virtues. I am going to present here four of them, one of 'linguistic' char- 
acter (it takes into account the linguistic structure of some propositions) 
and three of 'approximative' nature (they will be based on an underlying 
notion of similarity between models). 

Let A now be a conjunction of n statements, A1, . . . ,  An; let I(A) be 
Po({ 1, . . . ,  n(A)}) - 9; and let r be equal to {Ai~lai [ I C I(A)}.  Stated 
in easier terms, A is the set of all partial conjunctions that it is possible to 
construct from the single conjuncts belonging to A. 

Hence we can define: 

(21) Vs2(T,E) = max(Ej E ~)V~I(T ,  Ej ) .  

(21) expresses more or less faithfully the practice of many 'normal' 
researchers (in Kuhn's sense): it amounts to 'ignore the anomalies' and 
takes into account only those empirical laws that do not disconfirm the 
theory. Two interesting theorems derivable from (21) are the following: 

(22) Let E be the conjunction of n empirical regularities 
El,  E2, . . . ,  E~ each one being statistically independent of the 
others and of their mutual conjunctions, and suppose that for 
every Ei, T entails El, T entails -,Ei, or T and Ei are statis- 
tically independent; so Vs2(T, E) equals Vsl (T, E(zr)), where 

E(7-) is the conjunction of all Ei's compatible with T. 

(23) If (a) the Ei's are as stated in (22) also for a theory S, (b) 
p(T) <_ p(S), (c) every Ei entailed by T is entailed by S, and (d) 
every Ei contradicting S also contradicts T, then Vs2(T, E) <_ 
w2(s, E). 

The proof of (22) is very simple if one remembers (18); (23) derives 
from (22) and (18b) (the last theorem entails that the Ei's independent of 
T must be either independent of S or entailed by S, and so, they will give 
more verisimilitude to S than to T). 

Our theorem (23) is closely related to several results in the verisimilitude 
literature; for example, it can be compared with Kuipers' 'rule of success', 
Zandvoort's 'rule of explanatory success', and Ortowska's definitions of 
verisimilitude. 16 In the last case, it should be noted that my result is 
a theorem, while Ortowska starts with precisely this definition. In the 
case of Kuipers and Zandvoort, the main difference is that, according 
to them, if A is empirically more successful than B, then B can not be 
objectively closer to the truth than A; from my own approach, there is no 
such thing as 'objective closeness to the truth', and then, an expression 
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of the 'rule of success' like that presented by Kuipers and Zandvoort has 
little methodological significance. In the second place, Kuipers insists on 
the non-reversibility of the judgments of verisimilitude made with the help 
of his 'rule of success' (since this is what makes it possible as a rule); our 
(23), on the contrary, allows theory T to be more verisimilar than S in the 
future, in the light of new empirical laws entailed by T but conflicting with 
S. 

Other formal derivatives of Vsl can be presented if a notion of closeness 
between models is at our disposal. Let us suppose that this notion is 
represented by a uniformity in Moulines' sense. 17 A uniformity L/is a set 
of sets u, consisting each one of those pairs of models (m, n) such that ra 
and n are at least as similar as u allows (u, then, expresses a 'degree of 
similarity', 'degree of precision' or 'margin or error'). The mathematical 
constraints on/g can be seen in the work referred to in note 17. Of course, 
our u's can be understood also as distances between linguistic constituents 
(in Niiniluoto's style, for example), or with more relaxed constraints. 

With the help of the notion of uniformity we can define the following: if 
A is a single proposition (i.e., not considered as reducible to a conjunction), 
then A ~ will be the statement asserting that the true state of affairs is at 
least u-close to some model of A; so we have that Mod(A ~) (the set of 
models which make A** true) is {m [ 3n E Mod(A), (re, n) C u}, with 
u C/g. Of course, Mod(A) _C Mod(A**), and hence A entails A ~*. Lastly, if 
B is the conjunction of statements A1,.. . ,  A,~(A ) , then B '~ will be defined 
as the conjunction of A~, . . . ,  A~(a). 

The approximative definitions of verisimilitude that we can derive from 
here are these: 

(24) V s 3 ( T , E , v ) =  Vsl(T,  EV). 

(25) Vs4(T ,%E)  = Vsl(TU,E).  
(26) Vss(T, u, E, v) = Vs l (T  ~, E~). 

Here u and v are assumed to be the margin of imprecision of theoretical 
and empirical statements respectively. An example of how Vs3,4,5 work 
is offered in Figure 1, where T and S have zero verisimilitude accord- 
ing to VSl, but T is more verisimilar than 5" according to Vs5, since 
p(T ~ e EV)/p(T '* V E ~) is very high. 

The theorems proved for Vsl are directly valid for V,S3,4,5, taking into 
account that we are now handling 'blurred ' statements. Note that T can 
contradict E while the values of Vs3,4,5 associated to them can be very 
high. 
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Fig. 1. 

Of course, the approximative strategy is compatible with the linguistic 
one, as the following definition shows: 

(27) Vsz_5(T,u,E,v) = max(Ej  C g)Vsa(T~,Ey). 

4. APPLICATION TO THEORY-NETS 

The definitions of verisimilitude presented in the preceding sections are 
almost directly applicable to 'Sneed-like' scientific theories. From the 
structuralist viewpoint, theories are sets of what are called 'theory ele- 
ments ' ,  that is, couples TE = (K, I), where I is a set of 'intended 
applications' (empirical systems of a certain sort), and K is an ordered 
set (Mp, M, Mpp, r, C, L). whose elements are, respectively, a set Mp 
of 'potential models '  (those systems to which it makes sense to apply 
the theory), a set M of 'models '  (those systems actually satisfying the 
theory laws), a set Mpp of 'partial potential models '  (those subsystems 
of members of Mp that can be determined without the help of the theory 
specific concepts), a function r that 'picks out' the non-theoretical part of 
each member of Mp (and can be also extended to subsets of Mp and of 
Po(Mp)), a set C (C Po(Mp)) named 'the global constraint' (those subsets 
of Mp that fit certain second level conditions) and a set L of 'links' (those 
elements of Mp that fit certain conditions relating the theory with other 
ones). 

The 'content' Cn(I() of a theory element (K, I) is defined as r (Po(M)N 
C N Po(L)).  Lastly, the 'empirical assertion' of this theory element is the 
proposition affirming that I C Cn(K) (i.e., that the empirical systems to 
which the theory element is applied really fit its axioms, constraints and 
links). 
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What we have called 'theory' in the previous sections can simply be 
equated with this notion of 'empirical assertion' of a theory element. 
It is 'empirical' in the sense that it refers to a set of empirically given 
systems, but it is really a 'theory' in the classical sense of the word, i.e., a 
hypothetical proposition designed to explain some facts. I will abbreviate 
' I  E Cn(K)'  as 'T '  if [ and K are obvious. 

Structuralists have remarked that I must be 'empirically determinable'; 
if it is not, then theory elements which contain it will be 'vacuous'. This 
empirical determinability includes two conditions: it must not require the 
application of the theory's specific concepts, and it must not be made by 
purely formal means. 18 They seem to talk about this determinability as if 
the only important question were to know the logical extension of I (that 
is, to know whether a given system belongs to I or not); but it is quite clear 
that scientists not only try to empirically determine what systems they refer 
to, but also what propositions are true about those systems; they make 
measurements, observations, experiments, and so on, and report them in 
the form of 'empirical statements' which the theory has to explain. So, the 
notion of 'empirical regularity' seems as necessary to describe scientific 
activity as that of 'theoretical statement'. These regularities of I whose 
truth value can be determined without the help of the theory's specific 
concepts will now be our 'empirical statements'; I will refer to them as 
' I  E ER',  or simply as E when I is supposed. 

We already have the stmcturalist equivalents to ~'(P, C) and IE(P, C). 
The 'background assumptions' of Section 2 need not be changed now in 
any way, and so, the only element of our conceptual apparatus that remains 
to be translated to the structuralist scenario is the subjective function of 
probability on the elements of ~(P,  C) U ~ P ,  C) that we used in Sections 
2 and 3, but nothing in the structuralist apparatus precludes the use of this 
concept of probability. 

Therefore, the verisimilitude of a theory element can be defined accord- 
ing to any definition presented in Sections 2 and 3. For example: 

(28) Vsl (TH, E) = p(T /E) /p (T  V E), 

where 'TH'  is ( t( ,  I ) ' T '  is ' I  E Cn(K)'  and ' E '  is some non-theoretical 
statement ' I  E ER'. 

Of course, the same methodological strategies derived from each def- 
inition of verisimilitude in Sections 2 and 3 are applicable to theories 
expressed in structuralist terms. 

The point now is that, according to the 'non-statement view', interesting 
scientific theories are not reducible to isolated theory elements, but to 
certain collections of them. These collections are called 'theory nets', and, 
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basically, they are sets of theory elements connected by a relation a of 
'specialization'. A theory element (K1, I1) is said to be a specialization 
of another one (K2, I2) (abbrev.: TH1 ~ TH2) if and only if I1 C_ I2, 
M1 C_ M2, C1 C C2, L1 C_ L2, Mpl = Mp2 and Mppl = Mpp2. That is, 
the 'special' theory element refers to a restricted set of systems, but makes 
a stronger assertion about them. 

A theory net N T  = (N, a), where N is a set of theory elements, is called 
'connected' when for every TH1 and TH2 in N, either (1) TH1 a TH2 or 
TH2 a TH1, or (2) there is another TH3 in N such that TH1 cr TH3 and 
T H2 a T H3, or T H3 a T H1 and T H3 ~r T H2; that is, in a connected theory 
net every two elements either are related by the specialization relation, 
or have a common specialization, or both are specializations of another 
element. 19 I will restrict my discussion to connected theory nets. 

The assertion N T A  of a theory net is the conjunction of all its elements' 
assertions; that is: 

(29) ' N T A '  = for all THi E N, I i C Cn(Ki). 2~ 

Now it is easy to define the degree of verisimilitude of a theory net; for 
example: 

(30) Vsnj  (NT,  t) = 

= E ( T H i  C N) (Vsj(THi,  Ei(,)) - Vsj(Taut ,  Ei(t))) 

= E(THI  E N) (Vs j (THI ,  Ei(~)) - 1) 

= E ( T H i  e N) (Vs j (THi ,  Ei ( t ) ) ) - INI ,  

where subindex j indicates which definition of verisimilitude is used, t is 
a moment of time, Ei(t) is the total empirical evidence on/1 at t, and I NI 
is the cardinality of N. 

The reason for subtracting the verisimilitude of a tautology from each 
term in (30) is to avoid increasing a theory net's degree of verisimilitude 
by adding empty theory elements (that is, those in which Cn(Ki) = 
Po(Mpp)), whose degree of verisimilitude would be just 1 by (3). This 
would result in Vsn j (NT ,  t) taking negative values, but this is really 
not important, since the numerical values of our verisimilitude functions 
are arbitrary: the only important thing is whether these values increase or 
decrease through time, and if they are higher or lower with respect to other 
theories. 

If no empirical fact is known about a given Ii at t, we can take El(t) as 
the tautology '//  E Po(Mpp)'. 

If Vsj is one of our approximative functions of verisimilitude, it must 
be taken into account that uniformities have now to be defined on sets 
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of models, since our new statements 'T '  and 'E '  refer to such kind of 
sets. 21 

(30) is closely related in spirit to Niiniluoto's definition of 'cogni- 
tive value of a structuralist theory', though there are several important 
differences: 22 in the first place, Niiniluoto's definition applies to theory 
elements rather than to theory nets, and so it is subjected to the problem 
that a theory element can have an indefinite number of intended applica- 
tions (note that sets Ii are things like 'steam machines', 'planetary systems', 
'perfectly competitive markets', and so on); it does not seem rational to 
define the epistemic value of a theory through the sum of its success with 
respect to all such systems; on the contrary, the number of theory elements 
(and of 'kinds of applications') of a theory net is surely definite. In the 
second place it can be noted that (30) takes in each term a different theo- 
retical statement (that is, T0, while Niiniluoto refers always to the same 
theory. In the third and last place, our definition is of epistemic nature, 
while Niiniluoto's is more objectivist: he gives the 'real' total distance 
from a theory to its intended applications; but we have seen in Section 2 
that this kind of objectivism about truth-likeness is hardly defensible; in 
the same sense, (30) is useful for developing methodological models of 
scientific research, while it is difficult to see how this would be possible 
from Niiniluoto's definition. 23 

5. STRUCTURALIST CRITERIA OF SCIENTIFIC PROGRESS 

My notion of 'verisimilitude of a theory net' allows us to be more specific 
about scientific methodology than structuralists have usually been. It must 
be remembered that the deepest assertion about scientific progress that can 
be found in the Architectonic is that a theory evolution (i.e., a temporal 
series of theory nets suitably connected) 24 is progressive if and only if every 
intended application that was 'firm' at a given moment of the evolution, is 
also 'finn' at any later moment. About the notion of 'firm' application, we 
are simply referred to scientists' attitudes with a laconic comment: "The 
aim of the present conceptual framework is not to attack the unsolved 
problems of confirmation theory". 25 

In spite of this, some definition like (30) can serve as a device for 
generating methodological models for large pieces of scientific research. 
Two general strategies are directly suggested by a shallow inspection of 
(30): 

(A) To study which definition Vsj of verisimilitude of theory elements 
can better describe the epistemological attitude of a given scientific com- 
munity, and to derive from it the corresponding methodological theorems. 
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According to this point of view, scientific progress can take place by 
increasing the degree of truthlikeness of individual theory elements (either 
because of the discovery of new empirical laws or because of changes in 
the axioms defining the theory element). 

(B) To study which methodological attitudes derive from (30) taking 
into account the global structure of each theory net. From this point of 
view, progress can take place through the simultaneous consideration or 
manipulation of several theory elements. 

I will call the first strategy 'the micro-level' strategy, and reserve the 
name of 'macro-level strategy' for the second, a6 As methods of evaluating 
and increasing truthlikeness related to the first level have already been 
sketched in Sections 2 and 3, I will directly pass to the macro-level. 

The most important macro-methodological strategies for increasing 
truthlikeness are the extension of a theory net and the fusion of several 
previous theory nets. The first strategy amounts simply to add to a given 
theory net some new theory element (or elements); this can be done in two 
ways: the new theory element TtI '  can be a specialization of a previous 
TIt  E N, or not; in the last case, there must be some Tt t  in N such that 
TI1 cr TH r, if TIU is to be included in N. In both cases, the verisimilitude 
of the net only increases if the new theory element is better than the 
tautology, and decreases if there are no 'empirical facts' to be explained. 

For the second strategy, let us suppose that we have two theory nets 
NT1 and NT2, with no theory element in common; in this context, if a 
new theory element TIU is formulated such that every theory element in 
NT1 or NT2 is a specialization of TH', this implies that N1 U N2 U {TH'} 
forms the basis of a larger theory net NT3, whose verisimilitude will be 
the sum of Vsn(NT1, t), Vsn(NT2, t) and Vs(T', E').  27 

We can call 'extension' and '  unification' the first and the second macro- 
strategies, respectively, and it is clear that they are widely used and required 
in scientific practice, independently of what underlying notion of truthlike- 
ness is held by each scientific community. 

A paradigmatic example of 'unification' is that of Newtonian mechan- 
ics, which unified under a common theory element ('Newton's second law') 
most of the physical theories of his predecessors (for example, Galilei's 
theory of falling bodies and Kepler's theory of planetary movement, though 
in fact these theories were absorbed by Newton's only as 'good approxi- 
mations'). In the same context, the addition of Coulomb's law to classical 
mechanics can be seen as an example of 'extension'. These historical cases 
represent an increment in verisimilitude, according to our definitions, if 
and only if each individual theory element contributes to the theory net 



VERISIMILITUDE, STRUCTURALISM AND SCIENTIFIC PROGRESS 43 

with a degree of truthlikeness greater than 1, that is, if and only if they can 
explain some new empirical regularity. 

I will finally give a definition of "progressive theory evolution' deriving 
from (30). Let t(i) be the moment at which the theory net NT~ is formulated 
for the first time, and suppose that if i < j ,  then t(i) < t(j). 

(31) A theory evolution is progressive in the sense of j if and only 
if for every m and for every n < m: 

(i) maxi_<,~ Vsnj(NTi,  t(n)) <_ maxj_<m Vsnj(NTj ,  t(m)), 
and 

(ii) at least for some m and n this inequality is strict. 

Expressed in nonformal terms, definition (31) amounts to saying that a 
theory evolution is progressive just if at every moment there exists some 
theory net in the evolution that is more verisimilar than any other net was 
before. It is important to note that individual theory nets do not have to 
experience a constant increment of verisimilitude: if a net loses part of its 
truthlikeness but a more successful one is proposed, the theory evolution 
as a whole will still be progressive. 

Neither is it necessary that the most verisimilar theory net at a given 
moment is the 'newest' one: 'new born' theory elements can take a long 
time to prove their real value, since they can depend on the empirical 
regularities found in the future. 

(31) also serves to talk about progress in the shift from a theory evolution 
to another. For example, if the old theory elements are mathematically 
reducible to the new ones, then these will entail all the empirical laws 
explained by those, and hence the new theory evolution will have more 
verisimilitude than the previous one. This can be true even if the reduction 
is of  approximative nature: in this case, the empirical regularities explained 
by the old theory elements will be also explained by the new ones if the 
old margin of imprecision is kept; and, if a stronger margin is assumed, 
the old theory elements will surely not explain the new empirical laws. 

The notion of progress derivable from (31) can also be contrasted 
with those of Lakatos and Stegmiiller. Roughly, these authors distinguish 
between 'theoretical' and 'empirical' progress; according to Lakatos, the 
first amounts to the prediction of novel facts, and the second to the con- 
firmation of these predicted facts. Stegmtiller reduces these notions to the 
structuralist framework, and asserts that theoretical progress is the expan- 
sion of the set of intended applications of a theory or the strengthening of 
the theory's assertion, empirical progress being the factual confirmation of 
this expanded or strengthened theory. 28 
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My concept of progress should be understood, of course, as a kind 
of 'empirical progress'. I think this approach is richer than Lakatos' in 
that it does not restrict empirical progress to the confirmed prediction 
of novel facts: other statistical means of increasing the theory's degree 
of confirmation will also produce progress. With respect to Stegmtiller's 
approach, progress for him can only take place by modifying the theory's 
assertion (expanding [ or strengthening K), while my approach allows 
also for increments of verisimilitude of one and the same theory element 
(by finding new empirical facts, for example). In general, I think that my 
approach allows for a higher degree of flexibility in understanding scientific 
progress than that of classical expositions of structuralism, thanks mostly 
to the fact that it takes into account the relation between the theories' 
assertions and the empirical data. 

NOTES 

* I want to express my gratitude to the Philosophical Society of Finland for inviting me to 
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1 Sneed (1971) and Popper (1963). 
2 It is not discussed at all (although it is quoted in references) in Balzer, Moulines and 
Sneed (1987), the most recent full exposition of structuralism. 
3 Balzer, Moulines and Sneed, op. cit., pp. 328-9. 
4 Moulines (1976); it is included with few modifications as a part of chapter 7 of Balzer, 
Moulines and Sneed, op. cir. 
5 Cf. Niiniluoto (1987), pp. 394 ft. 
6 The main exception is the work of Kuipers, especially his paper 'Revisiting the Hypothetico- 
Deductive Method' (Kuipers 1991), and also his (1992). The 'logical reconstruction' of 
scientific methodology developed by Kuipers in the former article has certainly inspired 
some aspects of the model I am going to present in this section and the following one. I 
thank Professor Kuipers for allowing me to see that paper. 
7 See also Zamora Bonilla (1992); the definitions of verisimilitude offered there were for- 
mally more complicated and generated less methodological results. 
8 Cf. Niiniluoto (1987) p. 458 ft., Mormann (1988) and Marquis (1991). In the case of 
Oddie we can even talk of a 'linguistic nightmare', since he accepts that comparisons of 
verisimilitude can be "incommensurable" (cf. Oddie (1988), p. 186 ft.). 
9 Cf. Miller (1978), p. 428, and specially Kuipers (1992), p. 314. For the notion of 'naive 
closeness', see Kuipers op. cit., p. 304. 
i0 (2i) can be approximately related to the psychological 'ratio model '  of similarity pro- 
posed by Amos Tversky, and, more specifically, with 'Jaccard's measure'. Cf. Niiniluoto 
(1987), pp. 27 and 34. Anyway, those measures were defined for pairs of objects, not for 
statements, and, of course, they do not depend on probability functions; so, it is not clear 
whether Tversky's researches can serve as an 'empirical support' for (2i). 
11 V s l  is not, of course, an 'estimator' of a 'real'  degree of closeness to the truth, as for 
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example Niiniluoto's function ver of 'estimated truthlikeness' (cf. Niiniluoto (1987), p. 
269), since I do not believe in the existence of that 'real' degree. On the contrary, Sim is 
more or less related to Niiniluoto's notion of 'distance from evidence' (cf, for example, 
op. cit., pp. 287 and 382 ft.), though stated in a probabilistic rather than approximative 
framework (both frameworks are mixed in (24)-(27) below). 
12 These theorems would not be provable if Rig or Vsl had been defined otherwise. The 
reader can try with Rig(A) = Ct(A)  and Rig(A) = - log(p(A)). 
13 (10) and (16) are not as anti-Popperian as they may seem; cf. Popper (1934), appendix 
*IX, desideratum VIILc. 
14 It is not very clear to me why Popper equated 'simple' with 'bold'  theories: in fact, while 
' A '  seems obviously simpler than 'A  & B '  (isn't it a theory with less hypotheses?), we 
h a v e p ( A & B )  < p(A) (i.e., Ct(A) < C t ( A & B ) ) ,  and so, ' A & B '  is 'bolder' than ' A '  
in Popper's sense. 
15 In any case, one can take (2i-iii) (and our remaining definitions of verisimilitude) as 
normative models of scientific research, or at least as a sort of 'conditional imperative', as 
it has been proposed for methodology in genera1 by Laudan (1984), p. 40. 
t6 Cf. Kuipers (1992) pp. 306 ft. and 325-6; Zandvoort'(1987), p. 238, and Odowska (1987), 
pp. 99 ff. Another comment of Zandvoort's role is offered in Zamora Bonilla 1992), pp. 
359 ft. 
17 See Balzer-Moulines-Sneed (1987), pp. 328 ft. 
18 Cf. Balzer-Moulines-Sneed, op. cit., pp. 86 ft. 
19 Cf. op. cit., p. 173. The authors give a slightly different definition of 'connected theory 
net', but it is formally equivalent to mine, which I consider more intuitive. It must be 
remembered that ~r is a transitive relation. 
20 Op. cit., p. 177. Some more complicated definitions are offered in pp. 178 and 179, but 
they are also reducible to some conjunction of theory elements' assertions. 
21 A uniformity of models induces a uniformity of sets of models: we can stipulate that 
(X,  Y) E U if and only if for every x E X there is y C Y such that (x, y) C u and for 
every y C Y there is x E X such that (y, x) C u: 
22 Cf. Niiniluoto (1987), p. 370. I have also taken from this work the strategy of subtracting 
the verisimilitude of the tautology. 
23 Of course, it is be possible to substitute the objective function of verisimilitude 'Tr'  by 
the epistemic function of 'estimated truthlikeness' ( ' ve r ' )  in Niiniluoto's definition, but 
besides other problems (see Note 11) it must be taken into account that 'ver' ( i.e., the 
expected value of 'Tr'  in the light of some empirical evidence) is really not easy to apply 
in realistic methodological contexts. 
u To avoid prolonging this paper to excess, I refer the reader to Balzer-Moulines-Sneed, 
pp. 216 ff. for the precise definition of 'theory evolution'; however, I want to indicate two 
points with which I do not agree. 

The first point is the condition that each 'new' theory element must be a specialization 
of an 'old'  one (op. cit., p. 218, def. DV-6-B); I think, on the contrary, that new theory 
nets can be added by modifying the previous ones more deeply: in the first place, they 
can add more 'basic' theory elements (that is, elements of which the previous ones are 
specializations); in the second place, they can remove, replace or improve several axioms 
of the old theory elements. 

The second point is that I do not think that in a theory evolution each new theory 
net must replace the older ones. Actually, all the formulated theory elements can be on 
the scientist's table (or drawer) for a long time, without being totally forgotten. (See the 
comments to (31) below). 
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25 Balzer-Moulines-Sneed, op. cit., p. 221. A few lines below they add that a theory evo- 
lution is 'perfect' if and only if every intended application at a given moment is a firm 
application at a later moment. If this idea of 'perfection' means that any 'non-perfect' theo- 
ry evolution is worse than a 'perfect' one, it is not convincing at all: suppose, for example, 
that we have a more or less trivial theory with only one or two sets of applications, that these 
have become 'confirmed' after a long effort, and that no more applications are proposed 
for this theory in the future; on the other hand, take any theory that successfully explains 
and predicts a large number of phenomena, that is constantly applied to new fields, but that 
always retains one or two anomalies. Must we take seriously the idea that the first theory 
evolution is 'more progressive' than the second? 
26 Kuipers (1991) talks also about a'macro-' and a'micro-hypothetico-deductive method', 
but he refers with these expressions to the derivation of general and singular statements, 
respectively, from a hypothesis. 
27 Some non-formal requirements about the 'content' of TH'  can be added; for example, 
T / / '  should show that some 'underlying nature' is common to the intended applications 
of NI and N2. 
28 See, for example, Lakatos (1978), Section 2c, and Stegmiiller (1973), definition D18. 
Most of the comments in Notes 24 and 25 are also valid for Stegmiiller's approach. 
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TRUTHLIKENESS, RATIONALITY AND SCIENTIFIC METHOD∗

ABSTRACT. I. A. Kieseppä’s criticism of the methodological use of the theory of
verisimilitude, and D. B. Resnik’s arguments against the explanation of scientific method
by appeal to scientific aims are critically considered. Since the notion of verisimilitude
was introduced as an attempt to show that science can be seen as a rational enterprise in
the pursuit of truth, defenders of the verisimilitude programme need to show that scientific
norms can be interpreted (at least in principle) as rules that try to increase the degree of
truthlikeness of scientific theories. This possibility is explored for several approaches to
the problem of verisimilitude.

1. INTRODUCTION

The modern concept of verisimilitude or truthlikeness was introduced in
the philosophy of science by Karl Popper (1963) as an attempt to illumin-
ate the rationality of scientific research. Honouring this origin, the concept
has played since then an important role in the discussion about the ra-
tionality of science, especially when the realist interpretation of scientific
knowledge was being defended or criticised.1 Scientific realism is a theory
about theaims of science; in short, it asserts that science pursues true
knowledge about the world, though further sophistications concerning the
meaning of ‘true knowledge’ are a matter of bitter dispute. But truth (the
full truth, and nothing but the truth) is an elusive object of desire, as the
provisionality of all the greatest theories in the history of science patently
shows. Hence, if a realist philosopher intends to preserve the rationality
of science (as most of them do), it seems mandatory to understand the
progress of scientific knowledge simply as a process ofapproximationto
the truth. A plausible definition of this concept is ‘a growing degree of
similarity to the full truth about some aspect of the world’, which was
Popper’s inspiring idea when he presented his definitions of verisimilit-
ude. Unfortunately, those definitions were shown to be logically defective,
and this fact encouraged many other authors to elaborate alternative, lo-
gically coherent concepts of truthlikeness. This philosophical research
programme reached a summit during the second half of the eighties with
the publication of Oddie (1986), Kuipers (1987) and especially Niiniluoto

Synthese122: 321–335, 2000.
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(1987), a monumental book which contains the most detailed elabora-
tion of the verisimilitude programme. Niiniluoto (1998) surveys the last
developments in the verisimilitude programme.

The main result of those works was to establish beyond any doubt the
internal coherence of the concept (or concepts) of approximation to the
truth, but it can be reasonably asked whether or not this logical achieve-
ment is enough to defend the rationality of scientific research from the
realist point of view. In some previous papers,2 I have defended the idea
that, besides conceptual clarification, verisimilitude theory should also be
complemented with a methodological perspective (this had been insist-
ently pointed out by other authors, especially Theo Kuipers), and, what is
perhaps a more problematic assertion, that the methodological approach
to verisimilitude is particularly apt to offer a philosophical explanation
of the nature of scientific knowledge and scientific method. These ideas
have been recently criticised by Kieseppä (1996). In that article, Kieseppä
rightly argues against the definitions of verisimilitude offered in the first of
my papers, but, in spite of recognising this, I still think that his criticisms
to the full methodological approach to verisimilitude cannot be accepted.
In the next sections I will try to show why the methodological perspect-
ive is an essential element of the verisimilitude programme (Section 2)
and whether methodological ideas can be derived from some definitions
of truthlikeness (Section 4); in Section 3, I will examine another recent
criticism to the idea that methodological rules can be justified by appeal to
the aims of scientific research, a criticism presented by Resnik (1993).

2. THE UNAVOIDABILITY OF METHODOLOGY

According to Kieseppä, the theory of truthlikeness

can be seen asa theory providing us with an explication of an ordinary-language expres-
sion, of ‘closer to the truth’ ( . . . ). The modest aim of giving a more precisemeaning to
this unclear way of speaking is quite sufficient for what has been ( . . . ) the most important
philosophical background motivation for developing the theory of truthlikeness, or for the
defence of a realist account of scientific progress.3

It can be argued that, if we are trying to make a solid defence of the
realist interpretation of scientific knowledge, then we cannot be satisfied
with just having an explication of what peoplemeanwhen they say that
‘modern scientific theories are closer to the truth than the older’. We want
also to knowwhether this proposition is true or not, or at least, whether it
can berationally defendedor not. After all, our main task as scientific real-
ists should be to justify the idea that the rationality of scientific knowledge
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amounts to its possibility of getting closer and closer to the truth. Hence, a
brief inspection to the concept of ‘rationality’ seems unavoidable.

A necessary condition of the rationality of an activity (in this case, of
scientific research) is its havinga consistent set of goals: you can’t both
have your cake and eat it. In this sense, finding out an internally consistent
definition of closeness to the truth was, undoubtedly, an obvious demand
in the defence of scientific realism (or, as it was called by Laudan (1981),
of ‘convergent realism’). But the internal coherence of a goal is onlyone
necessary condition of rationality; the other two essential requisites are the
workability of one’s aims and the consistency of one’sbehaviourwith the
satisficingof those aims.4

Suppose we have proposed a certain explication of ‘truthlikeness’, and
that we have already shown that our definition is internally consistent and
also that it satisfies certain intuitions we hada priori about the meaning of
that concept. Could this be taken as a strong defence of scientific realism?
Obviously, it cannot, since, although the proposition ‘scientific knowledge
is growing towards the truth’ may have been shown to be logically coher-
ent, this only means that (being neither a tautology nor a contradiction)
it can be either true or false . . . but perhaps it is false! It is conceivable
that critics of scientific realism accept that this philosophical doctrine is
internally consistent, though they may still find reasons to reject it, not the
least being the one according to which humans may fail to have the ability
to recognise progress towards the truth. Of course, to have a consistent
definition of a term is something very valuable, especially if that term plays
an essential role in your own conception of science; but stopping here the
study of that concept does not help you to show that your worldview is
better than the rival ones.

Hence, besides proposing a plausible definition of verisimilitude, we
have also to give an answer to some additional questions:

(a) Is it possible to recognise (even tentatively) whether one scientific
theory is closer to the truth than another, in the sense given by our
definition? (This would illuminate the former ‘workability’ question).

(b) Do scientists evaluate their work in such a way that those theories
with a higher degree of verisimilitude – as defined by us – tend to be fi-
nally accepted by them (perhaps with someceteris paribusproviso)? (This
would answer the ‘behavioural’ question).

These are important questions to be formulated if our aim is to defend
the idea that scientific knowledge progresses (or can be made to progress)
towards the truth. In fact, Kieseppä seems to be thinking of something like
this when he asserts that
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the expression ‘closer to the truth’ can be explicated in a variety of ways, just like
many other ordinary language expressions, but the theory of truthlikeness might be used
for showing that science has progressed towards the truth on some particular cognitive
problemsin the sense of various reasonable explications of the concept.5

Of course, in order toshow that ‘science has progressed towards the
truth’, a little more than a mere definition of truthlikeness is needed. It is
also necessary to develop from such a definition some analytical instru-
ments that could be applied to particular cases. These instruments can be
called ‘methodological theorems’, i.e., general statements logically derived
from our definitions of verisimilitude and expressing a connection between
(i) some empirically recognisable relations between several theories (or
perhaps the same theory in some different circumstances), and (ii) a certain
relation (perhaps a statistical one) between the degrees of verisimilitude
of those theories. If these methodological theorems cannot be obtained in
any way, then our definition of truthlikeness will be absolutely vacuous,
and it will be impossible to test it against the actual evolution of scientific
knowledge.

It could be answered that the concept of verisimilitude should only
be taken as a ‘regulative ideal’, and I plainly accept that it is one. But
something is aregulative ideal only if it offerssome criteria to regulate
somebody’s behaviour. For example, to assert that ‘you must be good’,
while giving absolutely no indicationabout how can one tell good from
evil, is simply not offering any ideal at all. In the same way, to assert that
we must look for theories ‘closer and closer to the truth’, without offering
any criterion to distinguish (tentatively, at least) more truthlike theories
from less truthlike ones, is simply an invitation to radical methodological
anarchism.

After having derived a set of methodological theorems from our pre-
ferred definition of verisimilitude, it is reasonable to askwho are the
subjects to which these theorems are addressed. One possibility is to inter-
pret those theorems as methodological rules which scientists have to use
as ‘hypothetical imperatives’; this is a reasonable strategy if one defends
a normative interpretation of scientific realism, i.e., if one assumes that
truth approximation is, or should be, one of the essential goals of scientific
research. Another possibility is to understand those methodological theor-
ems simply as instruments to test the hypothesis that science is actually
approaching the truth; this strategy is appropriate if what is intended is to
make arational reconstructionof the evolution of scientific knowledge.
I think that both strategies are legitimate and mutually compatible, but
both require the formulation of methodological theorems to be of some
applicability to real science.
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Kieseppä, notwithstanding, does not accept even the ‘softer’ strategy of
using the theory of verisimilitude to make a rational reconstruction of the
scientific method. He asserts that, even if we could calculate the estimated
degree of verisimilitude of a family of hypothesisg1, . . . , gn, we would
not beforced to acceptthe most verisimilar of them (suppose it isg1).6

If we were able to make that calculation, Kieseppä argues, then we would
also be able to find a disjunctionh of maximally informative statements
such that the probability ofh according to the empirical evidence is higher
than the probability ofg1, and this seems to entail that we should ‘accept’
h instead ofg1.

This argument is grounded, from my own point of view, on a certain
misconception of the process of theory assessment. If the verisimilitude
programme is minimally correct, scientific researchers do not want simply
to find out statements with a high probability of being true: they mainly
want to find out meaningful and strong answers to scientific problems,
even if these answers are known to be only approximate. In the previous
example,g1, . . . , gn should be taken asall the tentativeand rival answers
that researchers have taken seriously in a given moment of time, and this
set will usually be a small one. Not every logically possible disjunction of
‘maximally informative statements’ will count forscientistsas an accept-
able answer to their epistemic or technological problems, since additional,
non-logical criteria of acceptability will be assumed by them. In particular,
the disjunction of two theories will be usually considered as no ‘theory’ at
all. For example, it is obvious that, if neither ‘g1 or g2’ will be at least
as probable as bothg1 andg2, but surely no researcher will consider it as
a reasonable answer to his cognitive problem. Instead, what scientists try
to do is to select, among the setg1, . . . , gn, that theory whichseemsto
be closer to the truth than the rest, or that which has a higher probability
of being closer to the truth. This is especially clear when we think that
scientists can be sure thatnoneof g1, . . . , gn is, strictly speaking, true,
not only because the available evidence may have disconfirmed already all
of them, or because they are grounded on counterfactual idealisations, but
also because of the ‘pessimistic induction’ which tells, on the ground of
the history of science, that every interesting theory will be falsified sooner
or later.7

Even when the aim of scientists is to reach thetrue answer to a given
problem (as, for example, when they try to find out the composition of a
chemical substance), there will usually be a moment after which consider-
ations ofcloseness to the full truthwill be more important for researchers
than considerations of probability: once they have discarded all plausible
answers except one (which is taken as true with probability close to 1),
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then they will look for furtherrefinementsof that answer For example, if
they have already found out the qualitative composition of a substance (let
this be represented by propositiong), they will next try to find out the ste-
reochemical configuration of its molecules (propositionh). Passing from
g to h will increase the verisimilitude of scientific knowledge, because
from two true statements, the strongest one will always be the closest
to the truth. But, sinceh entailsg, p(h, e) cannot be larger thanp(g, e)
under any corpus of empirical evidencee, and it will be usually lower.
The classical Bayesian function,p(t, e) − p(e) is more reasonable in this
case thanp(t, e) as the quantity scientists would try to maximise, though
it leads to uncomfortable consequences wherep(t, e) is known to be zero
for any reasonable theory at hand.

3. ON THE CONNECTION BETWEEN SCIENTIFIC GOALS AND

SCIENTIFIC RULES

The underlying idea of the preceding section has been that the only rational
way to defend verisimilitude as one essential aim of science is by show-
ing that scientists’ behaviour is (or, at least, can be) consistent with the
search for highly verisimilar theories; this can only be shown if we derive
from our preferred definitions of verisimilitude some reasonable criteria
for comparing (tentatively, at least) the degree of truthlikeness of different
theories. Such a methodological strategy would be an example of what
Resnik (1993) has called ‘the teleological view’ of scientific method, i.e.,
the notion according to which methodological rules can and have to be
justified on the basis of scientific aims. In his brief paper, Resnik criticises
the teleological view by trying to show that the very notion of ‘scientific
aims’ does not apply to real science.

Resnik’ s arguments seem to be directed against the view that there is
a single and coherent set of scientific rules(what could be called ‘the’
scientific method) derivable froma single scientific aim(or, at most,
from a limited and consistent set of them). Accordingly, his criticisms are
based on the pervasive axiological plurality existing both among scientists
(some pursue truth, some pursue prestige, some pursue wealth . . . ) and
among philosophers of science (some endorse truthlikeness as the aim of
research, some empirical adequacy, some explanation. . . ). This factual
plurality would show, according to Resnik, that nothing like ‘the aims of
science’ exists, in the sense of acommonly sharedset of values accepted
by all or most researchers, and hence, no single methodology would be
homogeneously applicable to every case of scientific research.
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Resnik is also right in inferring that nothing likethescientific method
exists, in the sense of a detailed set of instrumental norms valid for every
process of research and universally accepted by every researcher and every
philosopher. This is true because of two different reasons, at least. In the
first place, the axiological pluralism pointed out by Resnik leads to a cor-
responding methodological pluralism.8 In the second place, each scientific
discipline develops a different and peculiar method, since it has also pe-
culiar goals and because actual methods are strongly based on the already
accepted empirical khowledge (for example, methods to measure time are
not identical in particle physics, in geology and in history). But, in spite of
accepting the existence of this methodological pluralism, it seems obvious
to me thateachproposed methodological norm can only be justified on the
basis of the scientific aims it tends to promote,even if alternative norms
can be defended on the basis of different aims, and even if the individual
scientist has to weight different and frequently conflicting aims in order to
decide, among a set of conflicting norms, which one he is going to follow
in each concrete case. This situation is analogous to that of legal systems:
each law has to be justified, both from an ethical and from a technical point
of view, with reference to the social or moral values it intends to defend
or to foster, although different laws are proposed by different parties and
applied in different countries and times. The idea of ‘the only correct sci-
entific method’ is no more defensible than the idea of ‘the only correct
system of laws’, but this does not make it absurd to defendparticular
methodological norms on the basis ofparticular scientific aims; it only
serves to remind us that rational discussion on methodology cannot be
separated from rational discussion on scientific goals.

In order to be more constructive, I will indicate three possible ways
in which norms can be ‘derived’ from aims in the context of scientific
methodology. In the first place, there would be aninstrumental derivation:
in this case, one simply tries to establish those conditions which allow
for the satisfaction of a given set of scientific goals. Such a work would
produce a series of ‘hypothetical imperatives’ of the form ‘if your goal is
X and you are in situationY , then doZ’, as well as an analysis of the
mutual connections and trade-offs between different aims.9 In the second
place, there would be anormative derivation: one may use the results just
stated, as well as other philosophical and epistemological arguments, to
defend a particular goal or set of goals (and correspondingly, a set of meth-
odological rules) as the most appropriate to scientific research. In the third
and last place, there would be also apositive derivation: one would assume
a certain set of aims or preferences (both cognitive and non-cognitive) of
individual scientists, as well as the social, economic, psychological and
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institutional constraints faced by them, and would try to infer what patterns
of methodological decisions one could expect to observe in actual sci-
entific practice. I think that this positive strategy cannot be automatically
understood as ajustification of particular scientific methods, but merely
as anexplanationof why certain patterns of decision-making are used by
scientists in certain circumstances. In fact, this combination of epistemic
and social goals, power relations and scarcity of resources will surely make
it implausible to find out, in the real practice of science, the same ‘pure’
rules obtained through the normative and instrumental ways of derivation,
for whatever combination of scientific aims one takes as preferable. But
comparing the results of the positive derivation with those obtained in the
instrumental and normative strategies could certainly help us tocriticise
the existing institutions of science and to propose others which could pro-
mote in a better way our preferred combination of scientific aims. Stated in
other words, with the help of a positive strategy one can try to answer the
normative question ‘what institutional designs of scientific activity would
best drive the progress of scientific knowledge in the direction preferred
by us?’. This is, in any case, a work which I shall leave for further study.10

4. THE METHODOLOGICAL FORCE OF THE CONCEPT OF

TRUTHLIKENESS

Once I have argued that a defence of the verisimilitude programmeneeds
(and not only ‘can be reasonably complemented by’) a methodological
approach, and that methodological rules should be justified or explained by
appeal to scientific goals, we have to see whether the existing definitions
of verisimilitude offer an appropriate explanation of the scientific method,
such as is followed by actual scientists, or, at least, whether we can derive
from those definitions some plausible methodological rules in order to give
them a normative role. Fortunately, a big part of this work has already been
done; both Kuipers’ and Niiniluoto’s theories of verisimilitude (the most
important ones developed until now) include a relevant methodological or
epistemic aspect. The first one is more consistent with the original Pop-
perian idea of using the concept of truthlikeness as ‘a logical basis of the
method of science’,11 though his definition of the predicate ‘is closer to the
truth than’ is radically different that Popper’s, and does not suffer from the
logical shortcomings that forced the abandonment of the latter.12 Popper-
Kuipers’ idea is that theory testing has to be seen, not as a confrontation of
individual theories (say,A andB) with the ‘empirical evidence’, but rather
as a test of the meta-hypothesis ‘A is closer to the truth thanB ’; the fact
that all the successes ofA are successes ofB, and that all the failures of
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B are also failures ofA, can be seen as acorroboration, in the Popperian
sense, of that meta-hypothesis, since this fact is simply a prediction that
can be derived from the assumption thatA is more truthlike thanB (both
according to Popper’s and to Kuipers’ definitions of truthlikeness). In Pop-
per’s words, if our empirical tests corroborate one theory and falsify the
other,

we can take this as one of the objective reasons in favour ofthe conjecture that the new
theory is a better approximation to the truth than the older one.13

So, if scientists employ the method of ‘conjectures and refutations’,
and select among their competing theories those which have been less
falsified, we can perhaps take this as a corroboration of the philosoph-
ical hypothesis that they are pursuing truthlikeness as their main epistemic
goal (or, at least, as one of their main ones). Kuipers has also shown that
his ‘refined’ definition of verisimilitude (which is based on an underlying
notion of approximation among single structures; see his (1992)) allows us
to interpret the substitution of a more idealised theory by a less idealised
one as a conjectural approximation to the truth. So, the use of the well
known method of idealisation-and-concretisation by scientific researchers
(see esp. Nowak (1980)) can also be seen as an indication that these may
be trying to find out truthlike theories.

Niiniluoto’s epistemic approach is very different. After presenting some
quantitative definitions of the verisimilitude of a theory, as its ‘distance’ to
the full truth about a given scientific problem, he introduces the concept
of ‘estimated verisimilitude’, as the expected value of that ‘distance’ given
some empirical data. One interesting consequence of this concept is that
a refuted theory can still have a high degree of estimated verisimilitude
(if the states of the world allowed by the data are different, but very close
in general, to those states allowed by the theory); so, we can talk about a
series of refuted theories which nevertheless ‘seem to approach’ the full
truth. Unfortunately, Niiniluoto has failed to derive from that concept, as
far as I know, a set of methodological theorems as strong as those deriv-
able from Kuipers’ and commented on in the previous paragraphs, but I
think that this derivation can be a promising line of research in the future,
allowing perhaps some idealisations and simplifications to be applicable to
reasonable methodological contexts.

A much different approach has been followed by me in a series of
papers, among them the one criticised by Kieseppä. What I have pro-
posed is to substitute the duality between the ‘objective’ and the ‘apparent’
closeness to the truth of a theory, for the idea that verisimilitude is es-
sentially an epistemic concept. In other words, instead of defining the
‘real’ truthlikeness as ‘the distance of a proposition to the full truth’, I
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prefer to say that a proposition’s verisimilitude isits perceived degree
of similarity to the known portion of the truth, weighted by the ‘relative
size’ of that portion of the truth. If we want to preserve in some sense
the duality between ‘apparent’ and ‘objective’ truthlikeness, it is simply
possible to define the last concept as the verisimilitude that a theory would
have if the full truth were known; if the term ‘truthlikeness’ is nevertheless
preferred for that ideal notion, we could give the other concept the name
‘provisional’ or ‘ tentative truthlikeness’. Some possible formalisations of
this epistemic concept of verisimilitude are offered in Zamora Bonilla
(1996a) and (1997), where a number of plausible methodological rules
are also derived. In particular, my simplest definition of verisimilitude
is V s1(T ,E) = [p(T&E)/p(T ∨ E)][1/p(E)] = p(T ,E)/p(T ∨ E),
where ‘p(T&E)/p(T ∨ E)’ represents thesimilarity between the theory
T and the conjunctionE of all known empirical regularities, and ‘1/p(E)’
represents the ‘rigour’ of E (this is a measure of content, chosen only by
analytical convenience). An interesting and perhaps shocking consequence
of this definition is that, though forconfirmedtheories (those entailed by
E) verisimilitude covaries with logical strength, forcorroboratedtheor-
ies (those which entailE) verisimilitude covariesinverselywith logical
strength;14 this is not consistent with Popper’s preference for ‘bold’ the-
ories, but I think it reflects better the actual methodological practice of
scientists, since, ifT can explain adequatelyE, to prefer a theoryT ′
stronger thanT would go against the principle of parsimony. Of course,
the situation may change when new empirical regularities are discovered,
if these corroborate the stronger theory but not the weaker one.

Under one more complex definition(V s2(T ,E) = max(F ⊂
E)V s1(T , F ), where ‘F ⊂ E’ abbreviates ‘some conjunction of empirical
regularitiesF included inE’), I show that to be ‘at least as successful’
as a rival theory (in the sense of having passed at least all the tests the
other has passed, and having being refuted at most by the empirical reg-
ularities that have falsified the other)only becomes a sufficient condition
for being more verisimilar if the most successful theory has also a higher
prior probability.15 This can explain the fact (noted mainly by Kuhn) that
defenders of an older theory reject many times a new one even if this has
a lesser number of ‘anomalies’, since the new paradigm’s hypotheses may
have for them a very low prior probability according to the old paradigm’s
background presuppositions.

The consequence just noted also allows us to establish a difference
(though I admit that it is a slight one) between my complex definition
of verisimilitude and the notion of empirical success; the latter would
lead us to prefer those theories which make more correct predictions and
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less mistaken ones, independently on the prior plausibility of each the-
ory’s axioms; on the contrary, the former notion would give also some
value to that plausibility: a theory may be known to be false, but can be
regarded as truthlike because, in spite of having some failures, it makes
many correct predictions as well,andbecause its laws are consistent with
our background presuppositions about the world. In fact, this is more or
less the meaning that the term ‘verisimilitude’ has in ordinary speaking, at
least in roman languages: something is ‘verisimilar’ when, as the Italian
adagio says,si non è vero, è ben trovato. Furthermore, those ‘background
ideas’ will usually contain, as one of their most important ingredients, the
ontologyassumed by each scientist or by each scientific school, and so,
the prior plausibility of a theory will strongly depend on its coherence
with the scientists’ ideas about the underlying constitution of reality. The
difference between a realist and an instrumentalist researcher, in connec-
tion with their methodological preferences, would lie especially, then, in
the former’s preoccupation about the ‘realisticness’ of each hypothesis. I
think that the requirement of having a high prior probability (i.e., of being
highly probable when only background ideas, and not empirical results,
are taken into account) can be seen as a reasonable reconstruction of this
preoccupation for ‘realisticness’.16

Nevertheless, it can also be shown that, substituting the occurrence of
V s1 in the definition ofV s2 for its expected value (what can be a rational
strategy when a high flow of new empirical discoveries is expected to occur
within a ‘short’ period of time; for example, during the first stages of de-
velopment of a paradigm or research programme), scientists who compare
rival theories according to that new complex definition of verisimilitude
will behave as if they only valued empirical success, both in the sense
of counting only each theory’s correct predictions, and in the sense of
ignoring the prior probability of those theories.17 This can be interpreted
(with some benevolence) as an explanation of the fact, noted by Lakatos,
that disconfirmations are not taken into account very seriously during the
first stages of a research programme.Scientists are, hence, more ‘instru-
mentalist’ when they are developing new ideas and more ‘realist’ when a
theory has been ‘firmly established’, and the notion of ‘tentative verisimil-
itude’, if it is assumed as a relevant goal of scientific research, allows us to
understand this peculiar methodological behaviour.18

Of course, I do not affirm that my definitions will be able to offer some-
thing like a complete explanation of the scientific method, in the sense
of the general methodological practices actually followed by scientific re-
searchers. I am sure that other epistemic values, besides verisimilitude, are
present in the scientists’ preferences, and other, nonepistemic values, also
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have a strong influence on their decisions, though I guess that something
more or less similar to what I have defined as ‘provisional verisimilitude’
can be seen as one of the main factors which constitute those preferences.
In any case, the achievements of the verisimilitude programme allow us
to be more optimistic about the possibility of understanding the scientific
method from the point of view of scientific realism than what Kieseppä’s
and Resnik’s arguments might have made us to think.

NOTES

∗ Research for this paper has been funded by the Spanish Government’s DGICYT, as part
of the research project PB 95-0125-C06 (‘Science and Values’). I am thankful to Javier
Echeverría for inviting me to take part in that project, and to Miguel Angel Quintanilla for
his stimulating comments. I am also thankful to Juan Carlos García-Bermejo, Wenceslao
González, Uskali Mäki and Juan Urrutia for their support. My ideas on realism and
verisimilitude are also indebted to discussions with José Antonio Díez, José Luis Falguera,
Andoni Ibarra and Ulises Moulines.
1 See especially Newton-Smith (1981).
2 See, especially, Zamora Bonilla (1992), (1996a) and (1997). The Spanish reader can also
see Zamora Bonilla (1996b), where a detailed history of the verisimilitude programme is
offered.
3 Kieseppä (1996, 432). Italics in the original.
4 I adopt here a ‘soft’ definition of the economic concept of rationality, in which ‘max-
imisation’ is substituted by ‘mere satisfaction’ (i.e., to reach a level of ‘utility’ that the
economic agent considers ‘sufficient’). See, e.g., Simon (1982).
5 Kieseppä (1996, 435). Italics mine.
6 Kieseppä (1996, 425).
7 The expression is taken from Newton-Smith (1981).
8 A referee of a previous version of this paper indicated that it is also possible that different
aims lead to the same methods: for example, the goals of ‘empirical success’ and ‘social
utility’ may both lead to the use of an instrumentalist methodology.
9 This would roughly be the vision of scientific methodology defended by Laudan (1984).
10 See, for example, Kitcher (1993, Chap. 8), for such a critical strategy in social
epistemology.
11 Popper (1972, Chap. 2, Sec. 8).
12 Popper’s definition was thatA is more verisimilar thanB if and only if (1) all true con-
sequences ofB are consequences ofA, (2) all false consequences ofA are consequences
of B and (3) at least one of these relations of inclusion is strict. Kuipers ‘naive’ definition
is thatA is closer to the truth thanB if and only if (1) all physically possible structures
which are models ofB are also models ofA, (2) all physically impossible structures which
are models ofA are also models ofB and (3) at least one of these relations of inclusion is
strict. See Popper (1963, Chap. 12), and Kuipers (1992) and (1996).
13 Popper (1972, Chap. 2, Sec. 23). Popper’s italics.
14 If E entails T then V s1(T ,E) = 1/p(T ); if T entails E, then V s1(T ,E) =
p(T )/p(E)2.



TRUTHLIKENESS, RATIONALITY AND SCIENTIFIC METHOD 333

15 This result is based on the simplifying assumptions that each empirical regularity is
statistically independent of the rest, and that its only possible relations with each one of
the theories under comparison are: (1) the theory entails the regularity, or (2) the regularity
falsifies the theory, or (3) for any conjunction of regularities which do not stand in the
former two cases, the theory is statistically independent of that conjunction. Under these
assumptions, and if ‘ECT ’ and ‘EIT ’ stand respectively for the conjunction of regularities
in E which are correctly predicted byT and for the conjunction of regularities inE which
are statistically independent ofT it can be proven thatV s2(T , E) =V s1(T ,ECT&EIT ) =
p(T , ECT&EIT/p(T ∨ECT&EIT )) =p(T )/[p(ECT )p(T ∨(ECT&EIT ))]] (for the
proof, note that, for any statementG, V s1(T ,G) 6 V s1(T ,G&H), both whenH is a lo-
gical consequence ofT and when it is statistically independent ofT though verisimilitude
increases more in the first case than in the second; so, the subset of empirical regularities
in E which maximisesV s1(T ,E) isECT&EIT ).

Hence, ifECT includesECT ′ (that is, all known regularities explained byT ′ are
explained byT ), if ECT ′&EIT ′ is included inECT&EIT (what amounts to saying
that all known regularities which falsifyT also falsifyT ′) and if P(T ′) 6 P(T ), then
V s2(T

′, E) 6 V s2(T ,E).
16 I have reached this conclusion stimulated in part by conversations with Uskali Mäki
and by the reading of some of his papers on economic methodology (for example, Mäki
(1994) and (1998)), from where I have taken the term ‘realisticness’. In fact, the discussion
about ‘realism vs. instrumentalism’ in economics tends to be more directed to this issue
about ‘realisticness’ than to the problem of non-observable entities, which is typical of
the philosophy of physics. I admit that the difference between ‘background ideas’ and
‘empirical results’ is,in the abstractmore one of degree than an absolute one, but I also
think that we can take it as given in eachconcretecase of research practice.
17 If the logical space is considered to be divided into points (letx be one of them), in
such a way that any proposition is logically equivalent to a disjunction of those points (for
example, logical constituents), then the expected value ofV s1(T ,E) is∑

(x ` E)p(x, E)V s1(T , x)

=
∑
(x ` E&¬T )p(x/E)V s1(T , s)+

∑
(x ` E&T )p(x, E)V s1(T , x)

= 0+
∑

(x ` E&T )p(x, E)p(T , x)/p(T ∨ x)

=
∑
(x ` E&T )[p(x)/(p(E)][1/p(T )]

= p(E&T )/[p(E)p(T )] = p(E,T )/p(E) = p(T , E)/p(T ).
Substituting for this value the occurrence ofV s1 in the definition ofV s2, we obtain

that the subset of regularities which maximises this new function of verisimilitude isECT

(because now ifT entailsH , the expected value ofV s1(T ,H) is l/p(H), and, ifH is
statistically independent ofT the expected value ofV s1(T ,G) is equal to the expected
value ofV s1(T ,G&H) for anyG). So, ifECT ′ is included inECT , thenT will be more
verisimilar thanT ′ according to this definition of verisimilitude, disregarding the prior
probability of both theories and the cases which falsify them.

Note that the notion of ‘expectation value ofV s2’ cannot be adequately defined (except
in some special circumstances), since each point of the logical space can be equivalent in
principle to more than one conjunction of regularities.
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18 Another interesting consequence of my approach, less directly related to the problem
of scientific method, is that it offers also a partial solution to the problem of translation
(the fact that a theoryA can be more verisimilar than another theoryB when they are
expressed in a certain language, but the reverse can be true when their translations to
a different language are compared; see Miller (1975)). My definitions do not generate
fully invariant orderings of theories, mainly because they are based on asubjectiveprob-
ability function, which can change from subject to subject. But it is trivial to show that
themethodological theoremsderivable from those definitions providesomelanguage- and
probability-function-invariant comparisons of some pairs of theories. For example, ifE en-
tailsT andT entailsT ′ thenT will be more verisimilar thanT ′ for any subject who makes
the comparison and for any language into which the three propositions are expressed.
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VERISIMILITUDE AND THE DYNAMICS OF SCIENTIFIC
RESEARCH PROGRAMMES∗

JESÚS P. ZAMORA BONILLA

SUMMARY. Some peculiarities of the evaluation of theories within scientific research
programmes (SRPs) and of the assessing of rival SRPs are described assuming that sci-
entists try to maximise an ‘epistemic utility function’ under economic and institutional
constraints. Special attention is given to Lakatos’ concepts of ‘empirical progress’ and
‘theoretical progress’. A notion of ‘empirical verisimilitude’ is defended as an appropriate
utility function. The neologism ’methodonomics’ is applied to this kind of studies.

Key words: economics of science, empirical progress, epistemic utility, research program-
mes, scientific progress, theoretical progress, verisimilitude methodonomics

1. INTRODUCTION

After the work of Kuhn and Lakatos, there is little doubt that the process
of scientific research is carried out on the basis of units which are lar-
ger than single theories. This fact, grounded basically on the evidence of
history, has been a constant challenge for those philosophies of science
which tried to explain the process of research as a rational activity in the
epistemic sense. The most important problem seemed to be the reticence
of scientists to abandon formerly accepted theories when these had been
falsified by strong empirical evidence. This was clearly incompatible with
the view of science as a pursuit of true knowledge about the world, both
under the Popperian (hypothetico-deductive) and the Carnapian (inductiv-
ist) interpretations of scientific method. Neither Kuhnian ‘paradigms’ nor
Lakatosian ‘research programmes’ were easy to handle either by classical
falsificationism or by confirmationism, since these approaches were espe-
cially conceived to assess the epistemic value of single statements. The
acceptance or rejection of scientific statements became, hence, a question
where logic and empirical evidence had merely a partial role, perhaps less
important than the role of psychic, social or cultural forces.

Journal for General Philosophy of Science 33: 349–368, 2002.
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A defensive strategy of some rationalist philosophers was to assume
that scientists do not pursue directly ‘true knowledge’, but theories which,
in spite of being strictly speaking false, are notwithstanding ‘closer and
closer to the truth’; i.e., theories which are ‘better and better’ descriptions
of the world. This strategy was initiated by Popper (1962) and followed
by a number of authors especially during the seventies and the eighties.1

Its basic rationale was that, even if a corpus of empirical evidence E has
refuted two theories, A and B, it is still possible, under some interpretations
of the concept of ’verisimilitude’, that E corroborates the meta-hypothesis
‘A is more verisimilar than B’, rationally justifying so the ‘preference’ for
A.2

The verisimilitude programme, however, suffers from a number of im-
portant problems, which undermine the possibility of using it to understand
the actual development of science (see, for example, Zamora Bonilla, 1992
and 2000). As an alternative, I propose a ‘methodological approach’ to
verisimilitude, one in which this concept is defined as an epistemic notion
(rather than as a logical one), expressing the perceived similarity between
a theory and the ‘empirical truths’ which a scientific community has estab-
lished. Some interesting methodological conclusions derivable from such
a definition have been offered in Zamora Bonilla (1996b). My aim in what
follows is to show that this methodological approach to verisimilitude can
explain also some streaking features of the process of theory assessment
which takes place under the evolution of ‘paradigms’ or ‘scientific research
programmes’ (SRPs). Of course, the model should only be taken as an
idealised representation of scientific activity, and so, further ‘concretiza-
tions’ will be surely needed to approach still more this vision of science to
the actual research practice.

In section 2 the core of my model of empirical verisimilitude is re-
sumed; in section 3 I study the difference between ‘assessing theories
within an SRP’ and ‘assessing SRPs as such’; finally, in section 4 I con-
sider the institutional framework of scientific activity as an unavoidable
element to understand the development of SRPs from a ‘methodonomic’
approach, that is, one which sees scientists as rational decision makers
trying to optimise some utility funcion under economic and institutional
constraints.

2. A SIMPLE MODEL OF EMPIRICAL VERISIMILITUDE

I propose to understand the ‘empirical verisimilitude’ of a scientific theory
as a combination of two things: a) the degree in which it seems closer to
the empirical truths which have been actually found out, and b) the degree
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of information or content of those empirical truths. This is, of course, an
epistemic concept of verisimilitude (as opposed to a logical or semantical
one), and it has also to be taken as a relative concept, in the sense that
different scientific communities can assign different levels of empirical
verisimilitude to the same theories on the basis of the same empirical facts.
Intersubjectivity (as well as ‘translation invariance’) can be saved by show-
ing that, accepting the same definition of verisimilitude, every scientific
community should accept at least the same methodological rules (those
derivable from that definition), and this acceptance will force at least some
agreements on the evaluation of theories. I have offered elsewhere a de-
fence of this pragmatic, epistemic interpretation of verisimilitude (Zamora
Bonilla 1992 and 2000), and, for the sake of brevity, I will not repeat here
those arguments.

A possible formalisation of this concept of empirical verisimilitude is
the following:

Vs1(T,E) = [p(T&E)/p(TvE)]/p(E) = p(T,E)/p(TvE),(1)

where T is a theory, E is a conjunction of empirical regularities, and p(X)
abbreviates ‘pc(X,Bc)’, that is, the probability assigned to X by the com-
munity C given the basic presuppositions or background knowledge of
that community (Bc). So, p(X) might be read as a ‘subjective prior prob-
ability’ in the Bayesian sense, though the precise interpretation of that
function is not important now. My minimal assumption is that scientists
in a research community can make at least qualitative comparisons of
probability between different statements, and that these comparisons can
be represented numerically by any assignment of probability values to in-
dividual statements which is consistent with the axioms of the probability
calculus. Hence, my formal definitions of empirical truthlikeness can even
be taken as mere analytical devices to derive qualitative comparisons of
verisimilitude.

Another important comment concerns the nature of E. In real scientific
practice, theories are usually not contrasted directly with singular data;
rather, from those data an empirical regularity is somehow inferred, which
is what researchers compare with their theories’ predictions. In fact, a
longer chain of inferences and comparisons is necessary, and what on one
level is a hypothesis used to explain a set of data, becomes later a datum
on a deeper level of explanation, though the same statement can not be a
datum and a hypothesis in the same level.

Definition (1) leads to a set of reasonable methodological rules, basic-
ally derived from the fact that, if T is corroborated by E (i. e., if T entails
E), then Vs1(T,E) = p(T)/p(E)2, and if T is confirmed by E (i. e., if E entails
T), then Vs1(T,E) = 1/p(T). But it is certainly a ‘naive’ definition, at least
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because it does not take into account the fact that the empirical evidence is
the combination of different empirical regularities, being each one usually
asserted under a given margin of imprecision. So, if Ei represents any
single regularity contained in E, if K(E) is the set of all conjunctions of
at least one Ei (plus the tautology), and if Xu is the statement asserting that
X is true under the margin of imprecision u, then we can define:

Vs2(T,E) = max (F∈K(E)) Vs1(T,F)(2)

Vs3(T,E) = Vs1(T, ∩Eiu)(3)

Vs4(T,E) = Vs2(T, ∩Eiu).(4)

These definitions lead to almost the same methodological norms that
(1), though they can give a positive degree of verisimilitude to theories
that are falsified by E (e.g., if they are not in contradiction with all the
Ei’s, or, in the last two cases, if they are ‘close enough’ to the Ei’s). This
possibility explains why we can take these functions as measures of empir-
ical verisimilitude, rather than as measures of empirical support: falsified
theories may sometimes have a high degree of empirical verisimilitude.

One of the most interesting methodological norms derivable from (2) is
the following:

(5) Let E1, E2, ..., En represent n empirical regularities actually found out
by a scientific community, and let T and S be two arbitrary theories. If:

i) any conjunction of the Ei’s is statistically independent of any conjunc-
tion of the other Ei’s;

ii) they can only be in one of the following three relations with any theory
U ∈{T, S}: U entails Ei , U is falsified by Ei , or U and Ei are statist-
ically independent; if several Ei’s are independent of U, then it is also
assumed that U is independent of their conjunction;

iii) p(T) < p(S), and
iv) every Ei entailed by T is entailed by S, and every Ei falsifying S also

falsifies T,
then, Vs2(T,E) < Vs2(S,E).

Proof: In the first place, suppose that all the Ei’s contradict both T and
S. In this case, since we have introduced the tautology into the set K(E),
the verisimilitude of both theories is equal to their prior probability. In
the second place, if either T or S explain some Ei , we will first prove
that, if i and ii are true, then Vs1(U,E) = Vs1(U,C(E,U)&I(E,U)), where
C(E,U) and I(E,U) represent respectively the conjunction of those laws in
E which are derivable from a theory U, and the conjunction of those which
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are independent of U. Suppose that Vs2(U,E) is Vs1(U,F) > 0, for some
conjunction F of empirical facts contained in E, but not identical to E.
Let Ei be an empirical fact contained in E but not in F. If Ei contradicts
U, then Vs1(U,F&Ei) = 0; if Ei is statistically independent of U, then
Vs1(U,F&Ei) = p(U)/p(C(F,U)p(Uv(F&Ei))); and if Ei is entailed by U,
then Vs1(U,F&Ei) = p(U)/p(C(F,U)p(Ei)p(Uv(F&Ei))). It is easy to check
that, in the last two cases, Vs1(U,F&Ei) is higher than Vs1(U,F); hence,
contrary to our assumption, this can not be the value of Vs2(U,E) if there
are some Ei compatible of U and which is not contained in F. So, the
conjunction of empirical facts which maximises the value of Vs2(U,E) is
C(E,U)&I(E,U).

Now, the condition iv means that all the empirical facts which are ex-
plained by T are also explained by S, and that all the empirical facts which
falsify S also falsify T. If this is true, then C(E,S)&I(E,S) will entail
C(E,T)&I(E,T) (since the empirical facts which contradict T but not S will
belong either to C(E,S) or to I(E,S)). This, together with the assumption
that S is more probable than T, entails that it will be also more verisimilar,
according to the expression of Vs2 given in the first part of the proof.
Q.E.D.

Comparisons of theories allowed by (5) and by the other methodolo-
gical theorems derivable from (1)-(4) are revisable as the empirical evid-
ence changes. They can also be revised when what changes is our know-
ledge about the logical or statistical connections between theories and the
empirical evidence.

Conditions i and ii put a limit to the applicability of (5), but they seem
to be reasonable in many cases. Take into account that the Ei’s are not
whatever statements it is logically possible to construct, but empirical laws
actually found out by a real scientific community. In the same way, T and S
do not represent any pair of theories logically conceivable, but real theories
proposed by real scientists, and there will be strong conceptual limits to the
possible theories that it is rational to propose (e.g., no Boolean combination
of the empirical laws will be acceptable as an ‘explanatory theory’ of these
same laws); within our conceptual framework, these limits will be included
in the community’s background knowledge.

For an example, consider Galilei’s laws of falling bodies and Kepler’s
laws on planets as explananda of Newton’s theory of gravitation. The ac-
ceptance of some of those laws did not force scientists to consider the rest
‘more (or less) plausible’, and so, it is reasonable to represent them as
statistically independent from the point of view of the ‘subjective probab-
ility functions’ of XVIIth century scientists. Surely, in other cases some
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empirical findings will increase the probability of some new ones: i.e.,
p(En+1) < p(En+1,E1&E2&...&En); in the limit we may have that the second
term of this inequality tends to 1, but, if this takes place, it seems rational
to represent this fact by ‘collapsing’ all the Ei’s into a single empirical law,
E, which would be independent of the other laws (F, G, ...). Think, for
example, of the Ei’s as laws of the form ‘the orbit of planet i is elliptical’
(which is a universal statement referring to all the points in the orbit) and
E as ‘all planetary orbits are ellipses’.

Condition iii indicates that the conclusion ‘Vs2(T,E) < Vs2(S,E)’ might
not be true if S were less probable than T, in spite of iv being fulfilled.
That is, a ‘successful’ theory can have a low empirical verisimilitude if it
is extremely improbable under the basic assumptions of the community.
Suppose that a theory S has been proposed whose core assumptions are
contrary to the epoch’s ‘common sense’ (and, so, has a low prior probab-
ility), but which correctly explains and predicts more empirical facts than
the old theory T. Theorem (5) predicts that defenders of the old point of
view will not necessarily accept the new theory; in fact, for them T may
be still more verisimilar than S, in spite of their recognising the higher
empirical success of S. Under these circumstances, the proponents of the
new theory can try to increase its empirical verisimilitude by developing
philosophical arguments (or scientific arguments of a ‘higher level’) mak-
ing more credible their ‘strange’ hypotheses, i.e., by increasing their ‘prior’
probability. Of course, they can only do that if they modify the accepted
background assumptions of the community. This is what happens, at least
according to Kuhn, during scientific revolutions. For example, geocentrist
astronomers did not accept the verisimilitude of Copernicus’ and Kepler’s
theories because these conflicted with some basic common sense assump-
tions of those days, though they might plainly accept that the new theories
did explain the positions of planets at least as well as the geocentric theor-
ies did. During the first decades of the twentieth century, many scientists
were reluctant to accept Einstein’s ideas, as well as Quantum Mechan-
ics, for similar reasons: they acknowledged the empirical success of these
theories, but found their basic assumptions absurd. Keynesian econom-
ics explained the persistence of high unemployment rates, the instability
of private investment and certain features of consumers’ aggregate beha-
viour, and successfully predicted the positive effects of active government
policies in solving economic crises, though it was not accepted by many
economists because it was in conflict with certain core assumptions of
classical economics relative to the notions of rationality and equilibrium.
In geology, Wegener’s theory of continental drift was also rejected during
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decades on similar bases: it explained more facts than its rivals, though it
was inconsistent with the received ideas about the earth’s physical nature.

A theorem close (though not identical) to (5) was Popper’s desideratum
when he introduced his concept of verisimilitude: what Popper unsuccess-
fully tried to show was that a theory having passed more tests than a second
one was a (non-conclusive) reason to accept that the former has a higher
verisimilitude.3 Of course, what Popper would surely not accept is the
limitation established in condition iii); his famous preference for ‘bold’
theories seems to imply that, given the other conditions, S would be better
than T even if p(S) < p(T), or especially in that case. I think, however, that
what makes of ‘boldness’ a scientific virtue is the fact that, if a theory has to
explain or to predict an increasingly stronger set of empirical regularities,
it must have a low prior probability, since this has to be lower than the
probability of the conjunction of all its empirical consequences. But if we
fix our attention in a single moment of time, when a finite set of empirical
regularities has been found, and when a limited number of theories have
been proposed, then to have a low probability is not a virtue per se; for if it
were, then it would be a ‘child’s play’ to invent a better theory: just add to
one successful theory whatever conjunction of statements consistent with
it; the resulting theory will have at least the same empirical consequences
of the previous one, but its prior probability will be much lower. It can
be argued that this new ‘theory’ would be ad hoc, and hence unaccept-
able from the falsificationist point of view; but its adhocness refers in this
case to its incapacity to offer new predictions, not to its degree of prior
probability or informativeness.

Moreover, there is a reason –and a strong one indeed!– for invent-
ing ‘bold’ theories: definitions (1)-(4) entail that the maximum degree of
truthlikeness a given theory T can reach is 1/p(T) (when E entails T); so,
launching a new, improbable hypothesis can sometimes be the only way of
increasing the empirical verisimilitude of scientific knowledge. In the same
way, the maximum verisimilitude that a set E of empirical regularities can
give to any theory is 1/p(E) (this takes place when T is logically equivalent
to E), what offers also a reason to find out new empirical regularities.

3. EVALUATION OF THEORIES WITHIN SCIENTIFIC RESEARCH

PROGRAMMES

A SRP is usually defined as a set of theories having some hypotheses in
common (the ‘hard core’) because a scientific community has decided not
to eliminate them in spite of the falsification of any of those theories by the
empirical evidence. In a pragmatic sense, however, the SRP is defined by
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the community’s intention of ‘fitting the world’ within the hypotheses of
the core, finding a set of ‘auxiliary hypotheses’ (the ‘belt’) which, joined
with the core, shows the highest scientific value, whatever defined (see
Lakatos, 1978). The set of theories constituting the SRP is by no means
fixed, and it grows through time, as new alternative hypotheses or ‘protect-
ive belts’ are invented and as the SRP is applied to new sets of empirical
events. The last fact usually gives the SRP the form of a net, with wider sets
of empirical applications to which only the ‘core’ and some very general
hypotheses are applied, and more limited subsets of applications that the
SRP tries to explain by attaching to the former hypotheses some more
specific ones (see Balzer, Moulines and Sneed 1987).

In each level of such a net there are usually several alternative theories.
That is, the theories in an SRP do not only compete with the theories of
other SRPs: even in the absence of rival programmes, there is always more
than one theory, and scientists may want to know which of them is ‘the
best’. Criteria to compare theories within an SRP are, hence, as necessary
as criteria to compare competing SRPs.

3.1. Assessing Theories Within an SRP (I): Empirical Progress

Popular expositions of Lakatos’ methodology assert that the different ‘pro-
tective belts’ of each SRP are usually developed according to some internal
logic or preconceived plan (the ‘positive heuristic’). But this plan only
seems to have a definite role during the very first steps of the programme’s
development; in the later stages of SRPs their evolution is probably more
inspired by the discovery of new empirical regularities. In fact, this dis-
covery is constantly motivated by SRPs themselves, since findings are the
product of former attempts of testing the SRP’s theories. It is the unfore-
seeable evolution of the empirical evidence (and hence, the world, answer-
ing our questions formulated in controlled experiments or observations),
combined with the imagination and talent of scientists, what ultimately
‘explains’ the development of most SRPs.

In this context of accumulating empirical evidence, and especially dur-
ing the first moments of an SRP’s evolution (when few empirical data can
still be taken into account), it is reasonable to assume that researchers are
not just interested in the present value of their theories’ empirical verisimil-
itude: since the empirical evidence is expected to change at a high rate, a
theory which has a low verisimilitude according to the known empirical
laws might perhaps be corroborated by many future findings, and so, its
verisimilitude may grow, and vice versa. So, in these cases it seems more
rational to evaluate theories on the basis of the expectations of researchers
about the possible future scenarios of empirical knowledge. Within the
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frame of our model, this can be understood as if scientists were interested
in the expected verisimilitude of theories.4 This expected value can be
expressed as follows:

Vs5(T,E) = � (x � E) p(x,E)Vs1(T,x)(6)

= � (x � E&¬T) p(x,E)Vs1(T,x) + � (x � E&T) p(x,E)Vs1(T,x)
= 0 + � (x � E&T) p(x,E)p(T,x)/p(Tvx)
= � (x | — E&T)[p(x)/(p(E)][1/p(T)]
= p(E&T)/(p(E)p(T))
= p(E,T)/p(E) (A)
= p(T,E)/p(T) (B)5

where the x’s are the minimal points in which the logical space can be
divided (for example, logical constituents).

(6.A) and (6.B) allow to derive two interesting methodological norms,
respectively:

(7) In any moment of time, the theory with the maximum expected
verisimilitude will be that with the maximum likelihood (i. e., p(E,T)).

(8) The expected verisimilitude of a theory increases or decreases sim-
ultaneously with its empirical support or degree of confirmation (i.e., with
p(T,E)).

As we have seen, theories within an SRP do not form necessarily a
one-dimensional series; usually, several incompatible ‘protective belts’ are
developed simultaneously for the same ‘core’ in the same application,
but even when only one ‘belt’ is developed each time, the community
has to choose the best one, at least to know whether the SRP has ’pro-
gressed’ or ‘degenerated’. To make this choice, (7) tells that, if researchers
rationally pursue a high expected verisimilitude, their preferred criterion
should be that of maximum likelihood; that is, the theory with the highest
explanatory success should be preferred.

On the other hand, (8) states that the evolution of a single theory’s
expected verisimilitude is identical to the evolution of its degree of con-
firmation.

All this entails that there is a tension between the features a good theory
must have, if the epistemic attitudes of researchers were described by Vs5.
To be better than the other theories, it has to explain as many facts as
possible, and so, it has to be a ‘strong’ or ‘bold’ theory (as Popper desired);
but to become still better, it has to be strongly confirmed by empirical data
(as Carnap insisted).

From Vs5 we can derive more complicated definitions of verisimilitude,
analogous to (2)–(4):

Vs6(T,E) = max (F ∈ K(E)) Vs5(T,F)(9)
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Vs7(T,E) = Vs5(T, ∩Eiu)(10)

Vs8(T,E) = Vs6(T, ∩Eiu).(11)

Now, the analogue of theorem (5) is the following:

Let E1, E2, ..., En, T and S be as in (5). If:(12)

i) any conjunction of the Ei’s is statistically independent of any con-
junction of the other Ei’s;

ii) they can only be in one of the following three relations with any
theory U ∈ {T, S}: U entails Ei, U is falsified by Ei , or U and Ei are
statistically independent; if several Ei’s are independent of U, then it is
also assumed that U is independent of their conjunction; and

iii) every E entailed by T is entailed by S,
then, Vs6(T,E) < Vs6(S,E).

Proof: An argument similar to that of (5) shows that, if i and ii are
valid, then Vs6(U,E) = 1/p(C(E,U)) (or 1, if all the elements in K(E), save
the tautology, falsify U). On the other hand, if iii is true, p(C(E,T)) will
be at least as high as p(C(E,S)), and so Vs6(S,E) will be at least as high as
Vs6(T,E). Q.E.D.

This theorem asserts that, if a theory explains at least all the empirical
laws explained by its rivals, then it will be at least as good as them from the
point of view of Vs6, independently of the cases where it is falsified. For
example, if there are five empirical laws, T entails E1 and is not refuted
nor corroborated by the other laws, and S entails E1, E2, E3 and E4, but is
falsified by E5, then S will be better than T in spite of the fact that S, con-
trary to T, has been empirically refuted. This seems to be consistent with
Lakatos’ indication that the falsification of the ‘first’ models developed in
an SRP does not worry very much to their creators; they only become
to take falsifications seriously (that is, they begin to use (5) instead of
(12)) when new strong empirical findings are not deliberately produced
nor expected, that is, when SRPs have been fully developed to take into
account a more or less fixed corpus of empirical regularities. It is only in
that moment when ‘unsolved problems’ become ‘anomalies’ for an SRP.

Note also that we have not in (12) the condition ’p(T) < p(S)’. This
can be interpreted as telling that, during the ’hot’ moments of an SRP’s
development, no limits are put to the researchers’ imagination, and each
hypothesis is only valued according to its explanatory or predictive suc-
cess, not by its prior plausibility. This last criterion begins only to be
applied when rival programmes are ‘mature’ and only ’marginal’ addi-
tions to the empirical knowledge are expected. Lakatos refers, for example,
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to Bohr’s electron theory and its inconsistency with Maxwellian electro-
dynamics; Bohr’s theory had zero probability according to the background
knowledge, but this was not seen as an obstacle to develop it as long as its
empirical success was growing.

3.2. Assessing Theories within an SRP (II): Theoretical Progress

The standard mathematical device employed in (6) is also applicable to
different kinds of situations; for example, it can be applied when new
empirical predictions have been made but have not been actually tested
still (e.g., because of limited resources). The comparison of theories taking
into account these new predictions could run as follows. Assume that each
prediction has the form ‘under conditions C, result A obtains’, and that
the predictions of any two theories about what happens under C (if both
make such a prediction) are identical or mutually contradictory; let E be
the conjunction of all empirical regularities already found; let Fi be the
conjunction of one formulated prediction for each considered situation C
(including the statements which affirm that no existing prediction is true
about C), and let Q(F) represent the set of all the Fi’s. Assume also the
hypotheses i and ii of (5) and (12) for all the combinations of known
regularities and not tested predictions. In this case we will have the fol-
lowing definition of the ‘hypothetical verisimilitude of theory T given the
empirical evidence E and the set of predictions Q(F)’ (N(Fi,T) represents
the conjunction of those laws in Fi which are not explained by T, because
it gives a different prediction or because it gives none):

HVs6(T,E,Q(F)) = � (Fi∈Q(F)) p(Fi,E)Vs6(T,E&Fi)(13)

= � (Fi∈Q(F)) p(Fi)[1/p(C(E&Fi,T)]
= � (Fi∈Q(F)) [p(C(Fi,T))p(N(Fi ,T))]/[p(C(E,T))p(C(Fi,T))]
= [� (Fi∈Q(F)) p(N(Fi,T))]/p(C(E,T))

(Note: if T entails all the predictions included in one Fi, then Fi is
identical to C(Fi,T), and hence the term ’p(N(Fi,T))’ in the last line has
to be replaced by 1 for that Fi).

I have used Vs6 instead of Vs2 because in this case it is reasonable to
assume also the uncertainty about the result of future empirical tests. Of
course, any other definition of verisimilitude or epistemic value can be
used.

The analogue of (5) and (12) derivable from (13) is:

Let E1, E2, ..., En, T and S be as in (5), and let Q(F)
be as in (13). If:

(14)
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i) any conjunction of empirical results (tested or not tested) is statistic-
ally independent of any conjunction of the others;

ii) each empirical result can only be in one of the following relations
with any theory U ∈ {T, S}: U entails it, or U is falsified by it, or U is
statistically independent of it; if several empirical results are independent
of U, then it is also assumed that U is independent of their conjunction;

iii) T and S have the same logical connections with each Ei; and
iv) all predictions made by T are also made by S, and there is some

prediction made by S about which T does not tell anything,
then HVs6(T,E,Q(F)) < HVs6(S,E,Q(F)).

Proof: Let Fi be the statement A1&A2&...&Am; we can order the Ai’s in
such a way that T entails A1 to Ak (k < m); from iv, S will entail besides
at least some Aj (j > k); hence, for each Fi, we have that p(N(Fi,T)) =
p(Ak+1&...&Aj&...&Am) < p(Ak+1&...&Aj−1&Aj+1&...&Am)) < p(N(Fi,S))
(the last inequality becomes a strict one if, besides Aj, S makes other
predictions which T does not make). The proof is completed taking into
account that iii entails that p(C(E,T)) = p(C(E,S)). Q.E.D.

This situation can be seen as a case of theoretical progress in Lakatos’
sense, that is, as a reason to consider that a theory is ‘better’ than another
just because the first one makes more predictions than the second one, but
before those predictions are effectively tested.

3.3. Comparing SRPs

The question about the comparability of SRPs has a very simple answer
within the model developed in this paper: to compare two competing SRPs
by their empirical verisimilitude is to compare the most verisimilar theor-
ies of each one.6 That is,

Vs(P,E) < Vs(P’,E) if and only if there is a theory T’ in
programme P’ such that, for every T in programme P,
Vs(T,E) < Vs(T’,E).

(15)

All previous definitions of verisimilitude are applicable to (15), and, of
course, they can be changed by other ‘epistemic utilities’. I think that the
same selection criteria can now be used: in contexts of strong competition
and rapid growth of the empirical evidence, Vs6 or Vs8 will be preferred;
in contexts where empirical research is delayed with respect to a feverish
theoretical activity, the sensible options are HVs6 or its possible derivative
HVs8; and, finally, when the scientific community feels that all the major
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empirical and model-making work with competing SRPs has been already
carried out, Vs2 and Vs4 will be used to compare among them.

The main difference between the comparison of theories and the com-
parison of SRPs is that, in the former case, comparisons of empirical verisi-
militude are supposed to be identical to comparisons of preference among
theories, while this identity ceases to be valid when we compare SRPs.
That is, when we assert that Vs(T,E) < Vs(S,E), we are asserting that, in the
light of E, S seems at least as good as T, independently of whether T and S
belong to the same SRP or not. But, in any moment of time, no theory actu-
ally contained in a programme can be taken as ‘the last word’: it is always
possible that defenders of a ‘regressive’ SRP find a ‘protective belt’ that
makes the new theory more verisimilar than all theories in the rival pro-
grammes. This means that an SRP can not be rejected by considerations of
empirical verisimilitude alone (or, in general, by epistemological consider-
ations), while individual theories within one SRP can. In the next section
we will see that the reasons to abandon an SRP are, rather, institutional
ones (but not ’irrational’!).

In any case, it seems reasonable to suppose that, within a single SRP,
those lines of development or ‘subprogrammes’ which are more plausible
from the point of view of the hard core will be explored first. This means
that, if a previous version (say C&B, where ‘C’ is the core and ‘B’ is one
possible belt) of the SRP has many anomalies, researchers can propose
a new version C&B’, which perhaps explains some of the anomalies, but
at the cost of lowering the prior probability of the theory (since p(B’,C)
< p(B,C), we have that p(C&B’) < p(C&B)). We can interpret this as an
example of adhocness (in the sense that the second theory seems to be ‘ad
hoc’, since it has been developed in order to avoid a certain anomaly of the
first theory), and as one possible reason (among others) to explain why it is
better for an SRP to predict a new fact than to explain an old one: assuming
that the context makes more reasonable to use (5) instead of (12) or (14),
had those facts been correctly predicted by C&B, the degree of empirical
verisimilitude of that theory would have been higher than that of C&B’,
even if the latter explains them perfectly, and hence, the verisimilitude of
the SRP could have been also higher.

We have an example of this in the case of geocentric astronomy: to
save the programme’s basic hard core assumption (the earth’s rest), the
first simple hypotheses of regular and circular planetary motions had to be
replaced by increasingly complicated and anti-intuitive ones, which gave a
growing implausibility to the programme.
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4. INSTITUTIONAL ASPECTS OF SCIENTIFIC RESEARCH

PROGRAMMES: A METHODONOMIC APPROACH

The development of an SRP is a job to which many of our most intelligent
fellow citizens devote almost their full lives. Scientific activity involves a
tremendous expenditure in human, financial and technological resources,
and so, it would make no sense to believe that the social, economic and
institutional framework of scientific activity has no noticeable effect on
the content of scientific knowledge nor on the materialisation of scientific
practices. They can influence science as epistemic reasons do, but, instead
of supposing that ‘society’ and ‘epistemology’ are conflicting explanantia
of scientific activity, we can try to unify them through the hypothesis that
scientific researchers are a kind of economic agents who pursue a utility
function with epistemic variables among the most relevant ones, and whose
decisions are constrained by economic, social, cultural and psychological
limits. I propose to call ‘methodonomics’ this kind of approach to scientists
decision making.7 In this last section I shall briefly apply this approach to
the study of two particular questions: why is scientific research usually
carried out through SRPs instead as through isolated theories?, and how
are resources distributed among the different participants in an SRP and
among the different tasks they have to perform?

4.1. Why are there SRPs?

The idea that the units of scientific activity are not single theories but
larger sets of them was offered during the 1960’s to accommodate falsi-
ficationist methodology to the growing historical evidence against its most
naive versions. More specifically, it was an attempt to explain why the
main falsificationist rule (‘reject any theory which has been contradicted
by empirical evidence’) was not apparently followed in many cases and by
many great scientists. In other words, the articulation of scientific activity
by means of SRPs was originally an explanans of a historic datum, as in
the following schema:

Explanandum-1: Why do scientists continue accepting theories that are
in conflict with experience?

Explanans-1: Because scientists try to evaluate programmes, not theor-
ies.

Besides the illuminating comments of Kuhn (1962), I do not know
many works devoted to a question of a higher level, which is to take our
explanans-1 as a new explanandum:
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Explanandum-2: Why is scientific activity structured in SRPs and not
in individual theories?

My hypothesis (which can be taken as an economic reading of Kuhn,
rather than a ‘psychological’ or ‘social’ one) is that the use of SRPs is
a way to maximise the field of application of scientific knowledge, min-
imising the cost of inventing theories and of working with the conceptual
apparatus associated to them. In the terms of the preceding section, sci-
entists try to maximise the empirical verisimilitude of their theories, what
requires to explain a large set of empirical regularities, but what is costly in
terms of intellectual effort (at least). Creating a new scientific idea involves
usually a great deal of imagination and a big amount of time to the most
talented researchers of a discipline. The development of this new idea re-
quires also to learn sophisticated techniques (mathematical, experimental
or both); and, as Kuhn noted, their acquisition by students makes that the
assimilation of alternative ideas can be an almost unfeasible task in the
future.

So, if scientific work were to be carried out by means of independent
theories (that is, if each theory had a set of conceptual and formal instru-
ments different from the others’), then too much time and effort should
be devoted to the creation and implementation of those theories, and too
little time and effort would be left to the application of theories to new
empirical cases. Exaggerating a little, we could say that, had the Kuhnian
‘normal scientist’ unlimited intellectual and economic resources, he would
become immediately a Popperian falsificationist.

This also explains why SRPs are usually organised under the form of
nets: when a group of researchers are interested in a concrete application,
to develop a completely original theory is much more expensive than to
go to a general field, to assume the general laws accepted in that field, and
to try to invent a particular law that, joined to the general ones, produces
a theory empirically adequate to their concrete application. The iteration
of this strategy, partly promoted by the social pressure to quickly develop
strong empirical results in well defined fields, will tend to produce the
classical net-like structure of most SRPs.

Using another economic metaphor, we could say that the creation of an
SRP creates ‘economies of scale’; it is a large ‘initial investment’ with a
high cost at the beginning, but, as it serves to produce a growing number
of different results, it makes that the ‘unit cost’ of each one of its uses is
diminishing.

But, if all this is true, why then is there more than just one SRP in
each discipline? If it is costly to develop alternative ideas, why are they
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developed sometimes anyway? This objection to the argument above for-
gets that science does not only try to minimise its costs, but basically to
maximise its results: ‘investment’ in the development of alternative pro-
grammes may be ‘profitable’ if the actual SRP leaves unexplained many
empirical data. In a case like this, the scientific community – or some part
of it – will perceive a possibility of reaching a higher degree of verisimil-
itude by trying to develop a new SRP than by devoting its effort to further
implementing the old programme.

From the point of view of the individual researcher, if we assume that
her ‘utility’ depends upon the empirical verisimilitude of the theories in-
vented by her, she should guess the value of her ‘expected utility’ when
following different courses of action: in some cases (if there are many
‘anomalies’ in the old SRP, and she feels she has ‘promising new ideas’)
it will give more expected utility to take the risk of leaving orthodoxy; in
some other cases (when the old SRP enjoys good health and the individual
scientist is more ‘risk averse’) it will give more expected utility to swim
with the stream.

Finally, it should be indicated that the very concept of an SRP is consid-
erably fuzzy. In fact, in every point of a theory-net can a sub-programme
be initiated, with a particular hypothesis as its ‘hard core’ together with
the net’s general laws. Since the cost of developing new ideas is surely
higher when they affect to the full building of a discipline than when they
only affect to a small part of it, and since the probability of finding out
new successful ideas is higher in a little subfield than in the core of the
discipline (which was so hard to learn!), it seems reasonable to expect
that the proliferation of rival SRPs will be higher in the low elements
of large theory-nets than in its nuclear ones. This can be a reasonable
explanation of the debate between Kuhn and Lakatos about whether the
history of science was a series of ‘normal’ periods with just one predomin-
ating paradigm each time, or a constant struggle between different research
programmes.

4.2. Allocating Scientific Resources

Not only is the existence of SRPs influenced by the institutional features of
the scientific communities where they are developed; also their evolution
can be in part explained by those social aspects. For example, we have
seen that the set of applications in which an SRP evolves depends in part
on which fields have a ‘social interest’. In other cases, the social pressure
may be not so direct, but a different important reason for the selection
of fields of application is also of social nature, though in this case its
social character refers to the institutional structure of scientific communit-
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ies: competition between individual scientists or teams may lead them to
choose applications that (they think) favour their SRPs over their rivals’
ones; or an application may be interesting because it serves to easily con-
front two or more SRPs. In the absence of rivalry, those applications could
have not been studied forever. Rivalry and competition, then, are forces
that influence the development of SRPs, but they can not be understood at
all without referring to the scientists’ interests and motivations.

Other aspects of SRPs that can be explained in a methodonomic fashion
are the following ones:

a) Almost every resource can be employed in alternative uses. For
example, money can be expended in buying more instruments or in en-
gaging more researchers. Time and effort can be spent in theoretical or in
experimental work. A journal can not accept all the articles subscribed to
it (its pages are a limited resource), and so on. Different institutional rules
will lead to different decisions in each one of these cases. If decisions are
taken by a central authority, perhaps scientific teams end up with lots of
computers but too many few people to work with them. If each individual
chooses his own field, the ’allocation of human capital’ may be inefficient
from the collective point of view. If referees were to be paid (for example,
according to the future success of the papers they recommend to accept),
perhaps different papers would be written and published, etc. So, the rules
of decision-making within the scientific community can have an effect on
the results of scientific activity. An interesting field of work in philosophy
of science would be, hence, the study of this influence of institutional
aspects on scientific performance.

b) A concrete example of decision-making is that of choosing which
experiments or observations to make, when only some planned ones are
allowed by the scientists’ budget. From the ideas of section 3, it seems
rational that scientists will base their decision in the utility they expect to
reach under the assumption that certain experiments are made. Imagine a
very simple case where there are two rival theories, T and S, which explain
the present empirical evidence E. Two experiments have been conceived, F
and G, but there is money for just one of them; FT, FS, GT and GS are the
respective predictions of T and S about those experiments (for simplicity,
I assume that they are the only possible results). Which experiment will
be chosen? If the scientific community takes a centralised decision, it will
choose the experiment which corresponds to the larger of the following
two quantities:

XVs(E,F) = p(FT,E)Vs(T,E&FT) + p(FS,E)Vs(S,E&FS)
XVs(E,G) = p(GT,E)Vs(T,E&GT) + p(GS,E)Vs(S,E&GS)

(16)
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This means that for the scientific community it is indifferent which
theory ‘wins’. On the other hand, if the decision is taken by someone who
has an interest in a concrete theory (for example, T), he will choose the
experiment that gives the larger of these two values:

U(T,E,F) = p(FT,E)Vs(T,E&FT) + p(FS,E)Vs(T,E&FS)
U(T,E,G) = p(GT,E)Vs(T,E&GT) + p(GS,E)Vs(T,E&GS)

(17)

That is, he will choose that experiment which gives a higher expectation
of T becoming better than S. It is by no means necessary that both decision
rules (the ‘centralised’ and the ‘decentralised’ ones) lead to making the
same experiment, especially when the idealised situation assumed above
is progressively complicated. So, institutional rules (in this example, the
rules about who decides which experiments are to be made) can affect the
evolution of empirical evidence.

c) Lastly, as Lakatos and Feyerabend noted, there can be no definitive
epistemic reasons that force to reject an SRP. In fact, it is more difficult
to explicate what is to ‘accept’ or ‘reject’ an SRP than to explicate what
is to ‘accept’ or ‘reject’ a single theory. I shall not try such an explication
now. Since the target of methodonomics is to explain scientists’ actions,
I shall consider that to accept an SRP is equivalent to publicly defend it
against its rivals, or to devote time and effort to elaborate theories within
it, or to derive predictions from them, or to test them, and so on. Under this
assumption, to abandon an SRP is just to stop working with it. Hence, the
obvious reason to abandon an SRP is that researchers have thought it gives
more expected utility to devote their resources to other jobs. Depending on
the institutional features of scientific communities, and hence, on the rules
of distribution of ‘merit’ among them, different degrees of utility can be
expected by each individual researcher or team if they choose to work with
some SRPs or with others. This means that the ‘life’ of an SRP depends on
the perceived probability of ‘doing something remarkable’ with it, and this
will depend on the ‘advantage’ that the other SRPs have over the former in
terms of the functions of verisimilitude studied in the previous sections.

NOTES

∗ Research for this paper has been funded by the Spanish Government’s DGICYT, as part
of research projects PB 95-0125-C06 and PB98-0495-C08-01. Some ideas were presented
at a symposion on structuralist theory of science, held in Zacatecas (Mexico) on february
1998; I want to express my gratitude to its organisers and to the other participants in the
symposion for helpful and illuminating comments on those ideas.
1 See especially Kuipers (1987) and Niiniluoto (1984) and (1987). For the Spanish reader,
Zamora Bonilla (1996a) offers a detailed history of the verisimilitude programme.
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2 This point is made especially clear by Kuipers (1991) and (1996). Kieseppä (1996) has
criticised the attempt of giving some methodological force to the theory of verisimilitude.
I think that what follows in the present paper can be taken as a counterexample to his
arguments, which I have analysed more deeply in Zamora Bonilla (2000).
3 See Popper (1963), and the articles of Kuipers referred to in note 2.
4 This ‘expected verisimilitude’ is not identical to Niiniluoto’s ‘estimated verisimilitude’
(see Niiniluoto (1987), p. 269), though both concepts employ the same mathematical
device and are, of course, very close in their spirit. The main difference between Ni-
iniluoto’s concept and mine is that the former is an empirical estimation or ’measure’ of an
objective but unobservable magnitude (the theory’s ‘real’ closeness to the truth), while my
definition represents the expected value of a subjective preference. Of course, Niiniluoto’s
concept can also be read as the expected value of an ‘epistemic utility’ (op. cit., ch. 12).
5 Vs5 is obviously equivalent to the statistical notion of ‘multiplicative support’ or ‘ratio
degree of confirmation’, which is usually taken by many Bayesians as a measure of the
acceptability of a hypothesis. See, for example, Howson and Urbach (1989), pp. 86 and ff.
6 Comments about the verisimilitude of theory nets in Zamora Bonilla (1996b), sections 4
and 5, are also applicable now, though the present version is considerably simpler.
7 Though ‘methodonomics’ is, as far as I know, a neologism, the subject is not my inven-
tion, of course; one important contribution is Kitcher (1993), whose ch. 8 develops a series
of interesting ‘methodonomic’ models. From a different point of view, in Zamora Bonilla
(1999) I have offered an economic model of the dynamics of theory acceptance, which is
independent of the problem of the relation between SRPs and individual theories.
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TRUTHLIKENESS WITH A HUMAN FACE 
 

ON SOME CONNECTIONS BETWEEN THE THEORY OF 
VERISIMILITUDE AND THE SOCIOLOGY OF  

SCIENTIFIC KNOWLEDGE 
 
 
ABSTRACT. Verisimilitude theorists (and many scientific realists) assume that science attempts 
to provide hypotheses with an increasing degree of closeness to the full truth; on the other hand, 
radical sociologists of science assert that flesh and bone scientists struggle to attain much more 
mundane goals (such as income, power, fame, and so on). This paper argues that both points of 
view can be made compatible, for 1) rational individuals only would be interested in engaging in a 
strong competition (such as that described by radical sociologists) if they knew in advance the 
rules under which their outcomes are to be assessed, and 2), if these rules have to be chosen ‘under 
a veil of ignorance’ (i. e., before knowing what specific theory each scientist is going to devise), 
then rules favoring highly verisimilar theories can be prefered by researchers to other 
methodological rules. 
 
The theory of verisimilitude is a theory about the aim of science. In a well 
known paper (Popper, 1972), written before developing his own approach to 
the topic of verisimilitude, Popper described that aim as the production of 
testable explanations of whatever facts we thought to be interesting to explain, 
though he also recognised that it was rather improper to talk about the aims of 
science, since only scientists have goals, properly speaking, and these may 
look for a wide variety of things. Most discussions about the concept of 
truthlikeness have obviously been concerned with the first of these questions − 
say, what is the cognitive goal of science, assuming that one such goal exists − 
but they have largely ignored the second one, i.e., what the connection may be 
between that epistemic goal and the actual motivations and behavior of 
scientists. In this brief paper I would like to make a contribution to the second 
topic, though the ideas I am going to suggest will perhaps illuminate some 
aspects of the first question. To cut a long story short, I defend here three 
hypotheses. The first is that, besides other interests, scientists have epistemic 
ones that can be reconstructed as the pursuit of a kind of ‘truthlikeness’ (for 
example, the notion of truthlikeness proposed by Kuipers; see note 4 below). 
My second hypothesis is that scientists can engage in the negotiation of a 
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‘methodological social contract’, i.e., a set of norms indicating the 
circumstances under which a theory must be taken as better than its rivals; 
these norms act as the ‘rules of the game’ of the research process, and tell 
scientists who must be deemed the winner of the game; some norms of this 
type are needed, because each scientist needs to know what ‘winning’ amounts 
to, if they are to become interested in playing the game at all. The last 
hypothesis will be that the choice of these norms is made by scientists ‘under 
the veil of ignorance’, i.e., without having enough information about how each 
possible norm will affect the success of the theories each researcher will be 
proposing in the future. The main conclusion is that, under these 
circumstances, researchers will tend to prefer methodological norms which 
promote the truthlikeness of the theories which must be accepted according to 
those norms. This conclusion could be tested by studying whether the actual 
methodological norms used by scientists through history have been consistent, 
so to speak, with the maximization of verisimilitude. 

Traditionally, philosophical explanations of science were developed under 
the tacit assumption that scientists disinterestedly pursued epistemic values, 
such as truth, certainty, generality, and so on. Even though sociologists in the 
school of Merton had put forward the fact that scientists were mainly 
motivated by other kinds of interests, this sociological school proposed the 
hypothesis that science was governed by an unwritten rule which forced 
scientists to disregard their personal or social motivations. This hypothesis 
presupposed that scientists were able to judge in an objective way which 
theory was the best solution to a given problem, and agreed in unanimously 
declaring that theory ‘the most appropriate one’, even while many of them 
might have proposed alternative solutions. This utopian vision of the 
mechanism of scientific consensus has been challenged since the ’seventies by 
several new schools in the sociology of science, particularly by the two called 
‘Strong Program’ and ‘Ethnomethodology’. According to these new radical 
schools, the role of non-epistemic interests − either social or personal − in the 
process of scientific research was absolutely determining. Through an 
overwhelming amount of empirical work, both in the history of science and in 
‘laboratory studies’, these scholars claimed to have shown that scientists 
tended to take their decisions motivated almost exclusively by this other kind 
of interests, and, as a conclusion, they advanced the thesis that ‘established’ 
scientific knowledge did not as a matter of fact mirror the hidden structure of 
the world, but only the ‘all-too-human’ struggles between scientists. Scientific 
consensus would thus not be the outcome of a match between theoretical 
hypotheses and empirical evidence, but the result of quasi-economic 
negotiations for the control of power in society and within scientific 
disciplines. 
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Of the two kinds of motivations these sociologists have assumed to explain 
scientists’ behavior (i.e., interests rooted in roles and social classes, and 
interests related to status within the scientific profession), I think the second 
one better reflects the actual interests of individual scientists. In the first place, 
‘wide’ social interests are less apt to explain researchers’ ordinary choices 
when the problems they try to solve have weak or uncertain social 
implications. In the second place, the relevant social groups are usually fewer 
than the number of competing solutions, so that it is impossible to match them 
one by one in order to explain a researcher’s choice of a solution as the 
consequence of his belonging to a certain social group. 

‘Recognition’ or ‘authority’ can thus be the main goal of individual 
scientists, in the sense that, when they face a choice among several options, if 
one of them clearly leads to a higher degree of recognition, they will always 
choose this one. But it seems difficult to accept that this can be the only 
motivation for devoting one’s life to scientific research: after all, ‘recognition’ 
could be gained through many other activities, from politics to sports or to the 
arts, all of them more rewarding than science in terms of fame and income, and 
perhaps less demanding in terms of intellectual effort. If somebody has chosen 
to spend his youth among incomprehensible formulae and boring third-rate 
laboratory work, we may assume that he will at least find some pleasure in the 
acquisition of knowledge. So I propose to make the benevolent assumption 
that, in those cases where no option clearly entails an advantage in terms of 
recognition, a researcher will tend to base his choices of theory (or hypothesis, 
or description of facts) on the epistemic worth of the available options. This 
presupposes that each scientist is capable of establishing an (at least partial) 
ordering of the available options according to some set of ‘cognitive values’, 
‘epistemic preferences’ or ‘epistemic utilities’, but I do not go so far as to 
suppose that different researchers make necessarily the same ordering. Stated 
somewhat differently, I assume that scientists have some informed beliefs 
about the correctness or incorrectness of the propositions they handle during 
their work. After all, if researchers are able to obtain knowledge about  which 
actions will cause them to reach a higher level of recognition − as radical 
sociologists of science easily assume −, it would seem absurd to deny that they 
may also gain information about which theories are probably more correct, 
which empirical data are more relevant and which strategies of reasoning are 
logically sound. My assumption, hence, is simply that in those cases when 
choosing the most valuable option from the epistemic point of view does not 
diminish the expected level of recognition, this option will be chosen. 

The question, hence, is what are the epistemic values of scientists, those 
which make them prefer ceteris paribus some theories, hypotheses or models 
to others. The sociology of science literature is not very helpful here, since it 
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has either usually ignored this question, or it has just tried to show that 
epistemic preferences did not play any relevant role at all. Perhaps this 
question might be answered with the help of an opinion poll among scientists, 
but it would be difficult to decide exactly what should be asked; a particularly 
problematic issue about this poll would be to design the questions in a neutral 
way with respect to rival methodological or epistemological theories. Still 
more problematic would be the fact that scientists’ cognitive preferences will 
probably be tacit, and it may be difficult for them to articulate in a coherent 
and illuminating way those factors which lead them to value a particular 
theory, experiment or model. On the other hand, I think we should avoid the 
arrogant stance of those philosophers who think that real scientists are not a 
reliable direct source of criteria in epistemological matters. Perhaps the 
average scientist is not very good at deriving philosophical implications from 
his own work, and perhaps he is as ignorant of the formal and conceptual 
complexities of scholastic philosophy of science as we often are about his own 
discipline’s complexities. But, since scientists are our paradigmatic experts in 
the production of knowledge, it can hardly be denied that their practices will 
embody, so to speak, the best available criteria for determining what should 
count as ‘knowledge’. 

One common theme in the so called ‘deconstructionist’ approaches to the 
sociology of science is that ‘knowledge is negotiated’. I do not deny it is. As a 
social institution, science is a ‘persuasion game’, and in order to get 
recognition you have to make your colleagues accept that the hypotheses 
advanced by you are better than the rest... even better than those hypotheses 
which they themselves proposed! Agreement, hence, will hardly be an 
immediate outcome of a direct confrontation with an intersubjective 
experience; only after many rounds of ‘I-will-only-accept-that-if-you-also-
accept-this’ moves will an almost unanimous agreement be reached. But it is 
also difficult to believe that the full negotiation process of a scientific fact is 
reducible to that kind of exchange, for in science it is compulsory to offer a 
justification of whatever proposition a researcher accepts or presents as being 
plausible; many readers of the sociological literature about the ‘rhetoric’ of 
science may legitimately ask why that ‘rhetoric’ has any force at all, why does 
each scientist not simply ignore all his colleagues’ arguments and stubbornly 
reject any hypotheses proposed by a ‘rival’. I guess that a more verisimilar 
account of the process will show instead, that what each scientist tries to 
‘negotiate’ is the coherence of a proposition with the criteria of acceptance 
shared by his colleagues. This entails that if, during the negotiation of a fact, 
you have employed a type of argument, or other propositions as premises, so 
as to ‘force’ your colleagues to accept a hypothesis, you will be constrained to 
accept in the future the validity of that type of argument, or the rightness of 
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those propositions. Otherwise, those colleagues you happened to persuade by 
means of that strategy could reverse their former decisions and reject your 
hypotheses, if they realize that you do not honor the very arguments you had 
used to persuade them. 

As long as the decision of accepting a given fact or model (probably under 
the pressure of negotiation with colleagues, both rivals and collaborators) is 
constrained by the necessity of supporting that decision with reasons which are 
coherent with the kinds of reasons one has employed in other arguments, a 
fundamental point in the analysis of ‘scientific negotiations’ must be why 
certain types of reasons are accepted by scientists, especially the types of 
reasons which serve as justifications of the use of other (lower-level) reasons. 
If we call these ‘higher-level’ reasons methodological norms, then our question 
is just why certain methodological norms are used within a scientific 
community, instead of other alternative sets of criteria. I plainly accept that 
even these norms can be a matter of ‘negotiation’, but we must not forget that 
the requirement of coherence entails that, if a scientist has acquired through 
former ‘negotiations’ the compromise of abiding by his decisions to accept 
certain criteria, it is possible that the future application of those criteria will 
force him, for example, to reject a hypothesis he himself had proposed. So, as 
long as reasons are used in negotiation processes − reasons whose domain of 
application is necessarily wider than the negotiation of a particular fact or 
theory −, it will be uncertain for a scientist whether in other cases it will be 
still favorable for him (i.e., for the acceptability of his own hypotheses) that 
those reasons are widely accepted. Or, stated somewhat differently, when a 
researcher decides to accept or to contest a given methodological norm, it is 
very difficult for him to make an informed estimate of how much support his 
own theories will receive from that norm ‘in the long run’. 

If my argument of the last two paragraphs has some plausibility, it follows 
that the decision of accepting or rejecting a given methodological norm must 
be made under a ‘veil of ignorance’, in the sense that the personal interests of 
scientists will hardly serve them as a guide in their choice. This does not entail 
that those interests actually play no role in the negotiation about ‘proper 
methods’, but we can guess that their influence will tend to be rather blind, if it 
happens to exists at all; i.e., even if a group of scientists accepts a 
methodological norm because they believe that it will help them to fulfil their 
professional aspirations, it is equally likely that the actual effect of the norm 
will be to undermine those aspirations. Under these circumstances, the only 
reasonable option for scientists is to base their choice of methodological norms 
on their epistemic preferences referred to above, since these preferences will 
allow then to make a much easier, direct evaluation of those norms. So, the 
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wider the applicability of a norm, the more exclusively based on epistemic 
reasons alone it is likely to be. 

My suggestion is, then, to look for those methodological norms which are 
more prevalent in the history of science, and to use them as data to be 
explained by a hypothesis about the nature of the scientists’ epistemic 
preferences. This strategy would allow us to take the theories about the aim of 
science not − or not only − as metaphysical exercises, but also as empirical 
hypotheses, which could be tested against the history of science. The question 
is, hence, what the epistemic preferences of scientists can be if they have led to 
the choice of the methodological norms observed in the practice of science? 
Nevertheless, before arguing in favor of a particular hypothesis about those 
epistemic preferences, it is important to clarify some delicate points: 

a) In the first place, there is probably no such thing as ‘the’ epistemic 
preferences of scientists, for different scientists can have different preferences, 
and even one and the same scientist can change his preferences from time to 
time, or from context to context. The very concept of a ‘negotiation’ applied to 
the choice of a set of methodological norms entails that the rules chosen will 
not necessarily correspond to the optimum choice of every scientist; instead, it 
can resemble a process of bargaining in which everyone agrees to accept 
something less than their optimum, in exchange for concessions made by the 
other parties. In particular, the chosen methodological norms may be different 
in different scientific communities or disciplines, as well as they may vary in 
time. So, we might end up with the conclusion that the best explanation of 
actual methodological practices is a combination of different epistemic 
preferences. This does not preclude that simpler explanations will be prefered 
ceteris paribus. 

b) In the second place, the hypotheses taken under consideration should not 
refer to epistemic utilities which are too complicated from the formal point of 
view. The strategy defended here is, to repeat, that actual scientific practices 
are our best criteria to look for what constitutes ‘objective knowledge’, and 
that these practices tend to reflect the cognitive intuitions of the ‘experts’ in 
scientific research. It is hardly believable that these intuitions need to be 
reconstructed by means of excessively intricate epistemic utility functions, 
particularly when the functions are so complicated that no relevant, easily 
applicable methodological norms can be derived from them. 

c) In the third place, our strategy suggests we should inspect scientific 
practice in order to look for ‘negotiations’ about methodological norms, rather 
than about facts or theories. Most empirical reports from historians and 
sociologists of science refer to the second kind of negotiation, where 
conflicting methodological criteria are used, rather than discussed; the 
conclusion of many case studies is that a researcher or group of researchers 
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managed to ‘impose’ a new method, but usually it is left unexplained why the 
other scientists accept that ‘imposition’ at all, if it goes against their own 
interests. So, either negotiations on method are not frequent, or they have 
tended to be neglected in the study of historical cases, or probably both things 
are partially true. In fact, methodological norms can often be ‘negotiated’ in an 
absolutely tacit way: as long as they constitute the ‘rules of the game’ of a 
scientific discipline or subdiscipline, they determine the rewards a researcher 
could expect to have if he decided to become a member of it; so researchers 
can negotiate the rules by ‘voting with their feet’, i.e., by going to those fields 
of research in which, among other things, the norms are most favorable from 
their own point of view. 

d) In the fourth place, the empirical character of this strategy does not 
preclude a normative use of it, in a ‘Lakatosian’ sense: once a certain 
hypothesis about the epistemic preferences of scientists has been sufficiently 
‘corroborated’ (which entails, among other things, that there are no better 
available explanations of the methodological practice of scientists), we could 
use that hypothesis to show, e.g., that in some historical episodes the 
‘optimum’ methodological norms have not been followed, due to the influence 
of some factors; these factors might include the inability to reach an agreement 
about the norms or the presence of non-epistemic interests which suggested to 
researchers that other methodological norms could have been more favorable 
to them. On the other hand, even if an agreement about norms exists, some 
choices of models or facts made by some researchers may be contrary to the 
recommendations of the norms, especially if strong enough enforcement 
mechanisms fail to become established by the scientific community. 

e) In the fifth and last place, and again from an evaluative point of view, a 
hypothesis about the epistemic preferences of scientists must not be identified 
with the thesis that those are the preferences they should have. Some 
philosophers may find logical, epistemological or ontological arguments to 
criticize the cognitive goals revealed by scientists in their methodological 
choices. But it is difficult to understand, in principle, how the generality of 
scientists − i.e., of society’s experts in the production of knowledge − could be 
‘mistaken’ about the validity of their own goals. In this sense I think we should 
not dismiss an argument such as Alvin Goldman’s against some critics of 
scientific realism, when he asserts that we should put into brackets any 
philosophical theory which, on the basis of complicated lucubrations on the 
concept of meaning, ‘proved’ that the statement ‘there are unknown facts’ has 
no logical or practical sense (Goldman, 1986). On the other hand, knowledge 
advances thanks to the invention of new ideas that may look strange at first 
sight, and this is also true in the case of philosophy; so new epistemological 
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points of view should nevertheless be welcomed and discussed, even if their 
discussion does not end up in their acceptance. 

Going back to the question of what the epistemic preferences of scientists 
can be, I have argued elsewhere that some notions of verisimilitude can help to 
explain some of the most general methodological practices observed in 
science.1 In particular, the approach developed by Theo Kuipers is very 
successful at giving a justification of the hypothetico-deductive method as an 
efficient mechanism for selecting theories closer and closer to the truth. Hence, 
under the perspective offered in this short paper, we can understand Kuipers’ 
contribution to the theory of verisimilitude as an explanation of the fact that 
that method is as widely employed as it is: if the epistemic preferences of 
scientists are such that they consider a theory to be better than another just if 
the former is closer to the truth than the latter,2 then they will tend to prefer the 
hypothetico-deductive method to any other system of rules, were they given 
the chance of collectively choosing a norm about the method for comparison of 
theories they were going to use within their discipline. 

One possible challenge for those epistemologists who defend other kinds of 
cognitive utilities would be to justify that these other preferences explain, just 
as well as the theory of verisimilitude, the methodological norms actually 
adopted by scientists. Sociologists of science should also try to offer 
alternative explanations of the extreme popularity of the hypothetico-deductive 
method. Even if these better explanations were actually provided (which I do 
not discard a priori), the methodological approach to the theory of 
verisimilitude would have had the beneficial effect of promoting the kind of 
research which had led to those empirical and conceptual results. 
 
 

                                                           
1 See, for example Zamora Bonilla (2000, p. 321-35) 
2 One of the simplest definitions of truthlikeness proposed by Kuipers is the following: if X is the 
set of physically possible systems, theory A is closer to the truth than theory B if and only if 
Mod(B)∩X ⊆ Mod(A)∩X (i.e., all ‘successes’ of B are ‘successes’ of A) and Mod(A)∩Comp(X) ⊆ 
Mod(A)∩Comp(X) (i.e., all ‘mistakes’ of A are ‘mistakes’ of B). Here, a ‘success’ is taken as a 
physical system rightly described, and a ‘mistake’ as a physical system wrongly described. 
Kuipers shows that the hypothetico-deductive method is “efficient” for truth approximation by 
proving that, if A is actually more truthlike than B, then for any possible set of empirical data, A 
will always have more empirical success than B, and hence, if scientists follow the hypothetico-
deductive method (which commands then to prefer those theories with more confirmed 
predictions), then it cannot be the case that a theory that is less verisimilar is prefered to a more 
verisimilar theory. See, for example, Kuipers (1992, pp. 299-341). 
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ON BRIDGING PHILOSOPHY AND SOCIOLOGY OF SCIENCE 
 

REPLY TO JESÚS ZAMORA BONILLA 
 
 
There is a difficult relationship between present-day sociologists of science 
and social epistemologists on the one hand and ‘neo-classical’ philosophers of 
science on the other. Both parties have difficulty in taking each other seriously. 
Hope should be derived from those scholars who seriously try to build bridges. 
Of course, bridge builders have to start from somewhere and the most 
promising constructors with a philosophy of science background are in my 
view Alvin Goldman (1999), Ilkka Niiniluoto (1999), and, last but not least, 
Jesús Zamora Bonilla (2000). In the latter’s contribution to this volume 
Zamora Bonilla continues his very specific project of clearly specifying a kind 
of research agenda for studying bridge issues, in critical response to Ilkka 
Kieseppä’s reservations about a methodological role of the theory of 
verisimilitude and David Resnik’s arguments against the explanation of 
scientific method by appeal to scientific aims. Some of his main points are the 
following. (1) Gaining ‘recognition’ is the dominant personal motivation of 
scientists, followed by trying to serve epistemic values. (2) Epistemic values 
can be served by methodological norms. (3) The norms have to be chosen 
under a ‘veil of ignorance’ regarding the fate of the theories that will be 
proposed by certain scientists and hence the recognition they will get from 
them. (4) Hence, the most common norms in practice will best serve the 
relevant epistemic values. (5) Conversely, an adequate epistemic theory should 
enable us to justify these norms. (6) The HD method is very popular among 
scientists and is favorable for truth approximation, at least when both are 
explicated along the lines of ICR or along related lines, as presented by 
Zamora Bonilla. (7) The theory of truth approximation even justifies the 
popularity of the HD method. 

Zamora Bonilla concludes with: “One possible challenge for those 
epistemologists who defend other kinds of cognitive utilities would be to 
justify that these other preferences just as well explain as the theory of 
verisimilitude the methodological norms actually adopted by scientists. 
Sociologists of science should also try to offer alternative explanations of the 
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extreme popularity of the hypothetico-deductive method.”  I would like to 
accept the first challenge and make the second somewhat more precise. Before 
doing so, though, I quote a statement from SiS (pp. 349-50). “To be sure, 
scientists not only aim at cognitive goals like empirical success or even the 
truth of their theories, but they also have social aims like recognition and 
power, and hence means to reach such aims. And although these goals 
frequently strengthen each other, [the existence of] such convergences by no 
means implies that the conscious pursuit of these social goals is good for 
science.” By arguing that epistemic values are subordinate to recognition and 
methodological norms subordinate to epistemic values, the latter on the basis 
of a veil of ignorance regarding the ultimately result at recognition, Zamora 
Bonilla greatly relativized the possible negative effects of the conscious 
pursuit of recognition for the pursuit of epistemic values such as empirical 
success and truth.  
 

To What Extent Are Instrumentalist Epistemic Values Sufficient? 
 
A dominant line of argumentation in ICR is that the instrumentalist 
methodology, that is, HD evaluation of theories, is functional for truth 
approximation. Hence, that methodology serves the sophisticated realist 
cognitive values, and hence, conversely, these values can explain and justify 
the popularity of this methodology, to whit comparative HD evaluation. So far 
I agree with Zamora Bonilla. However, I would also claim that this 
methodology serves instrumentalist epistemic values, notably empirical 
success, at least as well. At first sight, Zamora Bonilla seems to disagree, but 
this might be mere appearance. The reason is that his own explication of truth 
approximation (see Zamora Bonilla, 2000, and references therein) is 
essentially of an epistemic nature. Like Niiniluoto’s (1987) notion of 
‘estimated truthlikeness’, it is not an objective notion. However, unlike 
Niiniluoto’s notion, that of Zamora Bonilla is not based on an objective one. 
On the other hand, like my objective explication, and in contrast to 
Niiniluoto’s explication, Bonilla’s explication straightforwardly supports HD 
evaluation. Hence, the question is whether Bonilla’s explication goes further 
than instrumentalist epistemic purposes. If so, my claim would be that even his 
explication is more than strictly necessary for explaining and justifying HD 
evaluation. However, this is not the occasion to investigate this in detail.  

For the moment the interesting question remains whether there are other 
reasons to favor the (constructive) realist epistemology relative to the 
instrumentalist one. In ICR I have given two such reasons, one of a long-term 
and one of a short-term nature. Only the realist can make sense of the long-
term dynamics in science, practiced by instrumentalists and realists, in which 
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theoretical terms become observation terms, viz., by accepting the relevant 
theories as the (strongest relevant) truth. This general outlook enables the 
realist to relativize for the short term a counterexample to a new theory that is 
an observational success of a competing theory by pointing out the possibility 
that the latter may be accidental (ICR, p. 237, p. 318) or, to use my favorite 
new term, that it may be ‘a lucky hit’. In sum, although both epistemologies 
can explain and justify the popularity of the instrumentalist method, only the 
realist can make sense of the regular occurrence of long-term extensions of the 
observational language and the occasional short-term phenomenon of 
downplaying successes of old theories. 
  

The Proper Challenge to Sociologists Regarding Non-Falsificationist 
Behavior 

 
None of this alters the fact that the suggested explanations-cum-justifications 
of HD evaluation provide an invitation to sociologists of science to offer 
alternative explanations of the popularity of HD evaluation. To be more 
precise, sociologists of science have shown convincingly that scientists 
frequently demonstrate non-falsificationist behavior. However, they have been 
inclined to look for ‘social’ explanations for that type of behavior, whereas in 
the view of Zamora Bonilla and myself, straightforward cognitive explanations 
can be given. Certainly the most important reason is the relativization of the 
cognitive role of falsification in the process of (even purely observational) 
truth approximation. This amounts to the difference between HD testing and 
HD evaluation of theories. Moreover, both methods leave room for many 
sensible ways in which a prima facie counterexample of a favorite theory can 
be questioned as such. For both claims, see ICR, Section 5.2.3, or SiS, Section 
7.3.3. Finally, there is the possibility of the lucky hit nature of successes of a 
competing theory, referred to above. Hence, in all these cases there are 
cognitive reasons to expect that non-falsificationist behavior may serve 
epistemic purposes. To be sure, and this is a major point made by Zamora 
Bonilla, on average this may well be useful for gaining recognition. Hence, in 
regard to non-falsificationist behavior, the proper challenge to sociologists is to 
look for cases that cannot be explained in this convergent way. 
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Abstract Franz Huber’s (2008a) attempt to unify inductivist and hypothetico-
deductivist intuitions on confirmation by means of a single measure are examined
and compared with previous work on the theory of verisimilitude or truthlikeness.
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is also critically discussed, and it is argued that ‘acceptability’ takes necessarily into
account some pragmatic criteria, and that at least two normative senses of ‘accept-
ability’ must be distinguished: ‘acceptable’ in the sense of ‘being allowed to accept’,
and ‘acceptable’ in the sense of ‘being obliged to accept’. Lastly, some connections
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1 Introduction

One of the fundamental problems of epistemology (or ‘theory of knowledge’) is to
understand what makes some cognitive states preferable to others. Philosophy of
science, considered as a branch of epistemology, asks the same question but applied
to the ‘cognitive states’ characteristic of scientific activity, as believing or accepting a
theory, law, hypothesis, model, principle, or observational report, or, more often than
what might seem from the reading of philosophy of science ‘classics’, as believing or
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accepting things like ‘this procedure is rather useful here’, ‘this is a good journal to
submit our paper’, or ‘only a fool would considered that a serious problem’. On the
other hand, epistemology as a branch of philosophy, rather than as a branch of psy-
chology or anthropology, usually tries to make us understand these questions at a very
abstract and general level. Of course, there are differences between individual philos-
ophers or philosophical schools regarding what level of abstractness and generality is
the right one, and, as readers of Synthèse will immediately realise, there are many phi-
losophers for which the obvious, or at least the default approach, is just to go directly
to the most abstract and general level that can be conceived; one recent example of
this is Huber (2008a), which tackles in an elegant way the problem of what is what
makes good ‘theories’ good (at least, in the sense of what makes a theory to be ‘better
confirmed’ than another), and which performs this as an exercise of (almost) pure
mathematical logic. Though I agree with most of Huber’s insights about confirmation,
I think that the purely formalistic approach of which his paper is representative has
serious problems to become acceptable as the most insightful account about the evalu-
ation of scientific theories, as compared to a more ‘naturalist’ approach. The structure
of my paper will be as follows: in Sect. 2, a critical summary of Huber’s theory of
confirmation is presented; Sect. 3 compares Huber’s theory of confirmation with the
theory of verisimilitude I have developed elsewhere; Sect. 4 discusses the connection
between ‘the logic of confirmation’ and ‘the logic of acceptance’; and finally, Sect. 5
sketches a formal naturalist approach to philosophy of science in which this type of
discussions can be framed.

2 Huber’s theory of confirmation

One possible way to understand Huber (2008a) is as an attempt to unify two classical
interpretations of the concept of ‘confirmation’. It seems that one of the basic peculiar-
ities of scientific knowledge, i.e., of what makes a certain proposition or claim deserve
the label ‘scientific knowledge’, is that it has been ‘empirically confirmed’. There is
no need to summarise here the longstanding discussion about what are the appropriate
or the logically possible ways (if there are any) of confirming scientific hypotheses,
a discussion which started at least with Hume’s analysis of inductive arguments, for
Huber’s main goal is the construction of a unified notion covering in a coherent and
systematicway the insights coming from two different and apparently conflictingways
of understanding ‘confirmation’: the ‘inductivist’ and the ‘hypothetico-deductivist’.
I agree with Huber in that the conflict between these two notions is what plagued
with deep problems Hempel’s and Oppenheim’s original work on the logic of qual-
itative confirmation (Hempel and Oppenheim 1945), and forced researchers on the
topic to choose either to work on something like the ‘logic of induction’ (e.g., Carnap,
Hintikka, Levi), or to follow some other hypothetico-deductivist approach to under-
stand scientific inference (like abduction theory, inference to the best explanation,
etc.). Huber, instead, tries to save Hempel’s intuition that there can be something like
a unified ‘logic of confirmation’, one that respects both the idea that a hypothesis H
is confirmed by empirical evidence E if H can be formally inferred from E (i.e., if
the theory derives from the data) and also the idea that H is confirmed by E if we
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Fig. 1 H’ is better confirmed by E than H

can formally infer E from H (i.e., if the data derive from the theory). According to
Huber, the reason of this conflict is that there are (at least) two virtues a good theory
must have, truth (or ‘plausibility’) and strength (or ‘informativeness’), and there is a
trade-off between them (i.e., the kind of things we can do to improve the ‘truth’ of our
theories usually go against what we can do to improve their ‘strength’, and vice-versa).
So, imagine we try to define some measures f of the epistemic value of a hypothesis
H given the evidence E and background knowledge B; functions f (H, E, B) may
have many different mathematical properties, but the following ones are what would
allow to call it, respectively, ‘truth responsive’ and ‘strength responsive’ on the basis
of evidence1 (see Huber 2008a, pp. 92–93):

(1) (a) If E entails H → H ′, then f (H, E) ≤ f (H ′, E)

(b) If ¬E entails H ′ → H , then f (H, E) ≤ f
(
H ′, E

)

The condition in (1.a) means that, within the states allowed by E , all the states
allowed by H are also allowed by H ′, i.e., H ′ covers a bigger portion than H of the
states of the world consistent with our evidence; so, if f behaves in the way stated by
(1.a), it will give a higher value to theories that would be true in a bigger proportion
of the states that we know might be true. The condition in (1.b) means, instead, that
in the states that are not allowed by E, H ′ covers a smaller portion of them than H ,
and so, the more content that we know is false a hypothesis has, the better (recall
that the content of a proposition is inversely related to the magnitude of the states it
is consistent with). Figure 1 allows to clearly understand these two conditions ((1.a)
refers to what happens ‘inside’ E , whereas (1.b) refers to what happens ‘out’ of E ;
the square represents the set of states consistent with background knowledge B).

1 I will dispense of B in what follows, save when the discussion demands explicit reference to it.
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The main accomplishment of Huber’s paper is that it shows that any measure of the
epistemic value of theories that is sensitive both to plausibility (as formalized by 1a)
and to informativeness (as formalized by 1b) would make justice to the two conflicting
intuitions behind the notion of ‘confirmation’, and so, f might be taken as a model of
a ‘logic of confirmation’. Of course, f may be responsive to other values as well; for
example, we can conceive of it as a functional f (t, s, ui ) containing a ‘truth function’
t responsive to (1.a), a ‘strength function’ s responsive to (1.b), and one or more other
functions ui having to do with other concerns scientists may have (simplicity, heuristic
power, precision, explanatoriness, and so on). If we consider s and t alone, condition
(1) summarises according to Huber the basic ideas about confirmation. Typically, a
function satisfying (1.a) would be p(H, E), whereas a function satisfying (1.b) would
be p(¬H,¬E). So, Huber proposed definition of epistemic value is (Huber 2008a,
pp. 97–98):

(2) f (H, E) = p (H, E) + p (¬H,¬E)

The most important insight in Huber’s theory is, in my opinion, not merely his
thesis that both informativeness and plausibility are values that an appropriate notion
of confirmation must take into account, and that no explication based on only one of
them will do the work, but the way in which he suggests these (and probably other)
values must be taken into account by a theory of confirmation: traditionally, philos-
ophers of science have understood the acceptance of a scientific hypotheses under
the model of belief (or degrees of belief); studies on confirmation have often been
elaborated as aiming at a set of properties a theory should have in order to ‘deserve to
be believed’. Huber proposes, instead, that scientific acceptance is to be understood
under the model of the purchase of a good (Huber 2008a, p. 106): the aim of theory
assessment should be to define the set (or ‘pool’) of acceptable hypotheses, those that
have a combination of virtues that make them to be ‘good enough’ (or that surpass
what Huber calls elsewhere a ‘demarcation’ level, though little is offered by Huber
that allows to illuminate whether there is some sense in which the choice of one level
instead of another can be considered ‘rational’, i.e., ‘optimal’; more on this below).2

3 Confirmation and truthlikeness

Huber’s claims about the logic of confirmation are consequential and accurate; I think,
however, that they suffer from an important limitation due to the fact that he seems

2 Huber also discusses (ibid., p. 104; cf. also Huber 2008b) Carnap’s thesis that the cause of the ‘confusion’
behind Hempel’s qualitative explication of confirmation might have been his implicit commitment to both
a notion of ‘incremental confirmation’ (according to which a theory H is confirmed if p(H, E) > p(H)),
and to a notion of ‘absolute confirmation’ (i.e., if p(H, E) surpasses some arbitrarily determined ‘high’
threshold). Huber rightly suggests, instead, that the two notions in conflict might have originally been
‘absolute confirmation’ and ‘informativeness’, and that it was the apparent contradiction between these
two goals what finally led Hempel to replace informativeness by ‘plausibility’ (i.e., something related to
‘incremental confirmation’), though keeping, in his list of desiderata for a notion of confirmation what he
called ‘converse consequence condition’ (i.e., the condition asserting that, if E confirms H , and H ’ entails
H , then H ′ , then E also confirms H ′; this condition seems reasonable if we understand ‘confirms’ in the
sense that E derives—is a ‘prediction’—from H ).
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to have reached his conclusions by thinking ‘from within’ the tradition of inductive
logic or ‘studies on confirmation’. Basically, though it is true that both the inductivist
and the hypothetico-deductivist insights must be taken into account in the analysis of
the epistemic values of scientific theories, Huber disregards much of the work that
has been done in the latter field, from Popper’s and others’ attempts to define the
value of a theory on the basis of a notion of distance to the full truth (i.e., verisimil-
itude or truthlikeness, which is defined by some authors precisely on the basis of a
combination of truth and information; cf. Maher 1993, p. 210 ff.), to the abundant
literature on predictive and explanatory capacity as the main reasons that justify the
acceptance of theories. As a matter of fact, hypothetico-deductivists (championed by
Popper) tend to be little satisfied when ‘confirmation’ is used to refer to ‘the’ vir-
tue that makes theories acceptable, for they would rather reserve that term only for
Huber’s inductivist intuition, and theywould say, instead, that acceptable theoriesmust
have (if at all) a high degree of confirmation, and also other values, like the capacity
of explaining or predicting the empirical evidence.3 I shall not dispute in this paper
Huber’s employment of ‘confirmation’ to refer to that combination of ‘inductivist’
and ‘hypothetico-deductivist’ virtues that makes a hypothesis ‘acceptable’, but I think
that it is de rigueur to point to the fact that informativeness is by no means the only
epistemic value that hypothetico-deductivist philosophers identify as relevant; i.e.,
perhaps the idea of p(H, E) being ‘high’ (or being higher than an arbitrary threshold,
or tending to 1) is what most inductivists consider ‘the’ main value a theory must have
in order to be accepted (and perhaps not), but ‘being informative’ certainly does not
exhaust what people like Popper, Lakatos, Niiniluoto, Kuipers, or Lipton would think
should be added to (or taken into account instead of) ‘plausibility’ for having a com-
plete explication of epistemic value; for example, truthlikeness may be one of these
other possible values.4 The main intuition under the notion of truthlikeness is that of
the value of two false theories can be different, and even that the value of some false
(or falsified) theories can be higher than the value of some true (or not yet falsified)
theories. If truth and strength were the only relevant virtues of a hypothesis, then, if
H and H ′ have been falsified, then either both will have the same value, or the most
informative of it will be better, but the latter entails that increasing the epistemic value
of a falsified theory is a child’s play: just add to it by conjunction any statement not
entailed by it (i.e., H&G will be better than H , if H is refuted). So, if we are to take
seriously the idea that H can be epistemically better than H ′ in spite of both being
known to be false, then their value must depend on something else than informative-
ness:5 in a nutshell, this value will not only depend on how much they say about the

3 This is particularly valid when we take into account the Popperian claim that all ‘interesting’ theories are
probably false, and will be probably refuted by some empirical data sooner or later.
4 Some readers will have noticed the similarity between Fig. 1 and Kuipers’ explication of his notion of
‘naive truthlikeness’. The difference is that, in the case of Kuipers’ definition, the set E is replaced by the
set of all models or worlds that are physically possible according to the strongest true theory. See Kuipers
(1992).
5 Actually, Huber (2008a, pp. 114–115) explicitly considers the possibility of taking into account other
values, though he does not discuss what these other values can be, nor if there would be some difference
between how the introduction of epistemic vs. non-epistemic values would affect the global acceptability
of theories.
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world, but also on something that has to do with what they say, in particular, on what
is the relation between what they say and the truth about the matter. And, obviously,
if the value of falsified theories depends on that kind of things, the same may happen
with not-yet-falsified ones.

So, conditions (1.a-b), even if reasonable, should be taken at most as a partial
account of what values a theorymust have in order to become ‘confirmed’ (i.e, ‘accept-
able’). The example of the theory of empirical verisimilitude I have developed in a
number of papers nicely illustrates why an account of confirmation like Huber’s is,
hence, right but partial.6 Let’s start by defining a naive notion of verisimilitude (i.e.,
one that does not take into account the possibility of valuing falsified theories), and
then proceed to offer some sophisticated definitions applicable to more realistic cases.
The naive definition asserts that the epistemic value of a theory depends on two factors:

(a) how similar or coherent are the view of the world offered by the theory and the
view of the world that derives from our empirical evidence; and

(b) how informative our empirical evidence is (for being coherent with a very shal-
low empirical knowledge is not as indicative of ‘deep truth’ as being coherent
with a much richer corpus of empirical information).

The coherence or similarity between H and E can be defined as p(H&E)/

p(HvE),7 whereas the informativeness of a proposition A can be measured by
1/p(A). Hence, the naive definition of empirical verisimilitude would be as follows:

(3) V s (H, E) = [p (H&E) /p (HvE)] [1/p (E)] = p (H, E) /p (HvE)

It is easy to check that, if the two conditions in (1.a-b) are satisfied, thenV s(H, E) ≤
V s(H ′, E). Of course, if only one of them is satisfied (which, as an anonymous ref-
eree indicates, is the normal case), it is still possible that the reverse comparison of

6 See Zamora Bonilla (1996, 2000) and Zamora Bonilla (2002a). Though I called ‘empirical verisimilitude’
my own definition of epistemic value, it was a rather atypical one within the verisimilitude programme, for
it is based on a direct comparison between the theories and the empirical evidence, not assuming that there
is something like an ‘objective degree of truthlikeness’; the intuition behind this is that, if we take seriously
the notion of an ‘epistemic utility’, we have to respect the fact that utility functions are subjective, i.e., one
subject’s utility can only be affected by what the agent can notice. This point is relevant for almost all other
approaches in which the assumption is made that the ‘value’ of having a true theory is higher than that of
having a false theory: as long as we consider subjective valuations (and I cannot conceive of what we could
mean by a valuation which were not ‘subjective’, in the sense of made by one particular subject in function
on the data she contingently has), only things that the subject can actually perceive (in some relevant sense)
should be taken into account. In this sense, ‘truth’ (as something conceptually independent on empirical
information) is perhaps not the right kind of thing to be considered a ‘value’, not even an ‘epistemic value’.
This sceptical comment, however, does not play any role in my subsequent arguments, which must either
stand or fall by their own merits, but is rather a mere personal motivation for the choice of my approach.
7 This is analogous to the definition of coherence in Olsson (2002).The problem I’m discussing here is
not directly related, however, to the recent discussion on coherence and confirmation, which has basically
to do with the question of whether the coherence between several data is indicative or not of the truth of
the data; what is relevant here is, instead, the relation between data and theories (and the truth of the data
is assumed). Note that confirmation relations are usually asymmetric (we want to assess whether the data
confirm the theory, not whether the theory ‘confirms’ the data). Furthermore, in that discussion ‘confirma-
tion’ is usually understood as a high conditional probability (with which some results prove that no logical
connection exists with ‘coherence’; see, e.g., Bovens and Hartmann 2005), and not as a combination of
inductivist and other types of virtues, as here is assumed.
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a

b

Fig. 2 H is more verisimilar than H’ in the light of E

verisimilitude is true. Figure 2 illustrates this situation: the condition in (1.a) is ful-
filled in Fig. 2a, and the condition in (1.b) is fulfilled in Fig. 2b, but in both cases H
would be more verisimilar than H ′. On the other hand, since V s(H, E) is a function
of p(H, E), it can be taken as a member of the Bayesian family. It has many other
nice properties, like the following ones, many of them it shares with Huber’s f :8

(4) (a) Respect for plausibility and for strength:

8 For the proofs, see Zamora Bonilla (1996), Sect. 2, except for (4.j); for this, see Zamora Bonilla (2002a,
p. 357).
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If p(H) = p(H ′) and p(H, E) ≤ p(H ′, E), or if p(H, E) = p(H ′, E)

and p(H ′) ≤ p(H), then V s(H, E) ≤ V s(H ′, E).
(b) For theories explaining the data, the more probable, the better:

If H � E , then V s(H, E) = p(H)/p(E)2

(hence, if H � H ′, and H ′ � E , then V s(H, E) ≤ V s(H ′, E)).
(c) For theories verified by the data, the more informative, the better:

If E � H , then V s(H, E) = 1/p(H)

(hence, if E � H , and H � H ′, then V s(H ′, E) ≤ V s(H, E); also as a
corollary, V s(T aut, E) = 1).

(d) Confirming a prediction increases verisimilitude (deterministic version):
If H � F , then V s(H, E) ≤ V s(H, E&F)

(e) Confirming a prediction increases verisimilitude (probabilistic version):
If p(F, E) ≤ p(F, H&E), then V s(H, E) ≤ V s(H, E&F)

(f) Confirming a prediction increases verisimilitude (conditional version):
If H � (E → F), then V s(H, E) ≤ V s(H, E&F)

(g) Partial verification (joining to a theory a hypothesis verified by the data,
increases the theory’s verisimilitude):

If E � G, then V s(H, E) ≤ V s(H&G, E)

(h) Partial disconfirmation (the empirical evidence can help to disconfirm one
part of a theory):

If p(G, H&E) ≤ p(G, H), then V s(H&G, E) ≤ V s(H, E)

(i) Upper verisimilitude limits (‘unended quest’):
1/p(H) ≥ V s(H, E) ≤ 1/p(E)

(j) Expected verisimilitude equals confirmation ratio:9

E[V s(H, E)] = p(H, E)/p(H) = p(E, H)/p(E)

Of course, this definition is ‘naive’ in the sense that it gives the value 0 to all falsified
theories (i.e., theories for which p(H, E) = 0), and so, it does not respect the intui-
tion that falsified theories can have different degrees of epistemic values, and even be
more valuable than some non falsified theories. There are several possible strategies
to solve this problem. One would be to take into account margins of approximation;
let Su be the statement that asserts that ‘the actual state of the world is within a margin
of approximation u from some state in which S is true”; then, a plausible definition
of approximate verisimilitude would be:

(5) AV s (H, E) = maxu V s (H, Eu)

A different strategy would consist in taking into account the fact that the empirical
evidence usually consists in a finite set of mutually independent statements Ei (e.g.,

9 Instead, the expected value of f (H, E) is p(H&E) + p(¬H)p(E), assuming, like is also supposed
in (4.j), that E can be decomposed into points of negligible probability. E[G(H, E)] is calculated with
the formula

∑
x�E&H p(x)G(H, E) + ∑

x�E&¬H p(x)G(H, E). I admit, however, that the use of the
expectation operator would mean different things within my essentially subjectivist approach (in which it
fits as a mere case of expected utility) and within other approaches (in which the values on which we average
are taken as ‘objective’—e.g., truth-values); so, for example, it can be the case that in Huber’s approach
the calculation of the expected value of function f would not have necessarily a relevant meaning, and
so, comparisons of our approaches on the basis of this result is not illuminating. But, as long as one can
interpret f as a kind of subjective utility (though this is not necessarily Huber’s preferred interpretation, of
course), then these comparisons could make some sense.
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empirical laws); let the set of all possible conjunctions of the Ei ’s; then a definition
of sophisticated verisimilitude would be:

(6) SV s (H, E) = maxF∈V s (H, F)

A theory will have a high degree of approximate verisimilitude, even if it has been
literally refuted, if it explains well the empirical evidence within a small margin of
approximation. It will have a high degree of sophisticated verisimilitude, if it explains
most of the known empirical laws.Of course, other similar definitions, or combinations
of them, are possible.

What can we infer from the comparison of functions like those defined by (3), (5)
and (6) with Huber’s account of confirmation? Here is a list of some relevant aspects,
some more technical, some more philosophical:

(a) ‘Respect of strength’ and ‘respect for truth’ need not be modelled as two separate
arguments of a confirmation function; this is something that will only depend on
analytical convenience.

(b) Huber’s theory implies that, amongst falsified hypotheses, epistemic value covar-
ies with strength, and so, the best one amongst falsified theories will be the
contradiction; actually, Huber’s confirmation function entails that the value of a
contradiction equals β (the arbitrary ‘demarcation’ threshold between acceptable
and non-acceptable hypotheses, used in Huber 2008a, p. 94). Definition (2), even
if naive, does not lead to the paradoxical conclusion that a contradiction is epi-
stemically better than any other falsified theory, but strategies like those behind
definitions (4) and (5) allow us to be more realistic about the valuation scien-
tists implicitly do of theories-known-to-be-false. Of course, nothing precludes
Bayesians of also using such strategies to represent scientific valuations, though
I don’t know of any example of doing this.

(c) Huber’s condition on β (i.e, that β equals the value of a hypothesis with maximal
strength and minimal plausibility, or with minimal strength and maximal plau-
sibility) entails that, for his Bayesian confirmation function, f (H, E) ≥ β iff
p(H, E) ≥ p(H,¬E), which seems a too arbitrary requisite.10 For Vs, instead,
the value of a theory with maximal strength and minimal plausibility (i.e., one
entailing E , but of null prior probability) is 0, whereas the value of a theory with
minimal strength andmaximal plausibility (i.e., a tautology) is 1 (for 4.c). It seems
more natural to choose the latter as a lower limit for the choice of a ‘confirmation
threshold’ (the other option amounts to ‘anything goes’): we demand that, for a
theory to be considered as ‘confirmed’, it must have at least the epistemic value
of a trivial truth (scientists may decide to choose a higher threshold, of course).
So, for H to be acceptable, V s(H, E) must be higher than 1; in particular, for a
theory H explaining the evidence, H will be acceptable only if p(H) ≥ p(E)2

(for 4.b). This has some nice consequences: it not only discards ‘too weird’ or ‘ad
hoc’ theories (those that explain the evidence by adding innumerable unlikely
hypotheses), but also entails that, the richer is the evidence, the more tolerant
can we be with ‘weird’ hypotheses if they happen to explain it; i.e., the more

10 This derives from the definition of f (H, E) as p(H, E) + p(¬H, ¬E), and from the choice of β as the
value of f (T aut, E) = f (Contrad, E) = 1.
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surprising empirical facts we happen to find, the more willing we will be to
consider as ‘acceptable’ theories with a low prior probability (for the threshold
varies inversely with the square of the prior probability of the evidence), some-
thing which is consistent with the actual history of science. Furthermore, that the
epistemic value of a ‘tautological’ proposition (e.g., mathematical theorems?) is
higher than that of a contradiction, as function Vs entails, seems also to respect
the idea that logical or mathematical ‘facts’ are scientifically valuable.

(d) In Huber’s, as in most other inductivist approaches, the only reason there seems
to be to search for new empirical evidence is that perhaps the existing data have
not yet happened to confirm or refute our hypotheses with certainty. They also
seem to presuppose a scenario in which the hypotheses in competition are given,
and one just acts by sheer curiosity looking for evidence that may lead one to
know with certainty if those hypotheses are true or false, but nothing demands
that new hypotheses are devised. Notice as well that the maximum epistemic
value that Huber’s function f (H, E) = p(H, E) + p(¬H,¬E) can reach is
2, which is equal to f (A, A) (i.e., the value of a hypothesis that were logically
equivalent to the evidence). My definitions of empirical verisimilitude, instead,
allow to see why science is an ‘unended quest’ (4.i): a given amount of evidence
E can provide to any theory H a verisimilitude equal to 1/p(E) at most; hence,
there will be situations in which the only way of increasing the epistemic value
of our knowledge will be by looking for more empirical data. Analogously, the
maximal epistemic value H can reach under any possible corpus of empirical
evidence is 1/p(H), which means that there will be situations in which the only
way of increasing epistemic value will be by devising still stronger theories.

(e) Lastly, it seems reasonable to use the expected epistemic value function (4.j)when
we consider that evidence E is provisional, not in the sense of being fallible, but
in the sense of being incomplete, i.e., when we expect that new evidence is going
to be added in the short run. In this case, let’s compare the expected value of f and
Vs under two different scenarios: one in which H perfectly explains the data (i.e.,
H � E), and one in which H has been already verified by the data (i.e., when
E � H ). In the first case, E[V s(H, E)] = 1/p(E), whereas E[ f (H, E)] = 1+
p(H)(p¬E);we see that E[V s]gives the samevalue to all the theories explaining
the evidence, compensating the loss of plausibility of very unlikely theories with
their probable gain of verisimilitude if they happened to explain the still undis-
covered evidence; E[ f ], instead, still values more those theories with a higher
prior probability. In the second case, E[V s(H, E)] = 1/p(H) = V s(H, E),
i.e., we don’t expect that new evidence is going to change the value of H , for it
is already confirmed. However, E[ f (H, E)] = p(E)(2 − p(H)), which means
that the addition of new evidence (e.g., when we pass from E to E&F) will make
decrease the expected value of H , which does not seem reasonable.

I don’t want to conclude this section without insisting on the fact that, from the
point of view defended here, any function of epistemic value must be seen as an empir-
ical hypothesis, i.e., the hypotheses that real scientists actually evaluate their theories
according to an epistemic utility function which is similar to the one proposed by the
epistemologist’s hypothesis. The theorems collected in (4) and in the five points devel-
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oped above should be taken, hence, as partial attempts to empirically test Huber’s and
my definitions of epistemic value against some ‘idealised facts’ about how scientists
really compare the values of their theories.

4 Back to the many senses of confirmation

I come back to Huber’s idea that the logic of confirmation is similar to the logic of
purchasing a good: the question is not whether a scientific hypothesis, theory, model,
law, etc., is ‘known to be true with enough certainty’, but whether it shows a pano-
ply of virtues that justifies to take it into the pool of acceptable claims. ‘Acceptance’
has, then, an unavoidable and essentially pragmatic side. Having developed in the last
decade a number of works that try to understand the epistemic decisions of science
on the basis of economic models,11 I cannot be but extremely sympathetic to this
suggestion of Huber, but I must also point to some difficulties this move has for any
attempt to connect the notion of ‘confirmation’ with that of ‘acceptance’ (at least in
the sense that a hypothesis being ‘confirmed’ should be one primary reason in order
to decide to it).

In the first place, ‘acceptable’ is ambiguous because it can refer to (at least) two dif-
ferent attitudes an individual scientist, but more significantly a scientific community,
may have towards a theory: H can be ‘acceptable’ in the sense that the community
allows that individual scientists accept H (for example, H can be amongst the the-
ories proposed to solve a certain problem, and also belongs into the subset of those
theories that, according to the available evidence, have a high chance of being ‘right’,
and it is not considered illegitimate to defend that theory or any rival one that also
might be right ‘in the end’), or H can be ‘acceptable’ in the sense that the community
commands its members to accept it (i.e., you will be sanctioned in some way if you
do not respect in your own work the validity of that proposition, like, e.g., the facts
organised in the periodic table, or the laws of thermodynamics, etc.). The idea of a
‘pool’ of acceptable theories seems to reflect better the first sense than the second, but
usually, it is to the second sense to what scientist and philosophers seem to refer when
they say that a theory or hypothesis has been ‘confirmed’. Actually, something very
similar happens in the example employed by Huber (the purchase of a bottle of wine):
you do not actually buy all ‘acceptable’ bottles, but only those your budget constraint
(and your desire to buy other things) allows. So, ‘confirmation’ seems to indicate the
property a theory has to have in order for the acceptance of that theory being com-
pulsory. Of course, this property can simply consist in being the best one amongst
the ‘acceptable’ (in the first sense) theories, but this would seem to require a double
demarcation: one demarcation mark that separates ‘acceptable’ from ‘not acceptable’
theories in the first sense (so that it is legitimate for two scientists to accept different
theories, if both are acceptable in this sense, but no theory exists whose acceptance
is compulsory), and one demarcation level that separates ‘acceptable theories in the

11 See, esp., Zamora Bonilla (2002b, 2006a,b). See particularly Zamora Bonilla (2006a, p. 183) for a
diagram which models the choice of a theory amongst the acceptable ones, in a way analogous to the
microeconomic explanation of the consumers’ choice.
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first sense’ from ‘acceptable theories in the second sense’ (i.e., theories that, if it hap-
pens to exist at least one of it, then no ‘plurality’ is admitted, and the best one must
be accepted). Furthermore, it could not be the case that the only criterion is ‘accept
the best available theory’, for it might happen that this theory were very bad indeed:
Huber is right, then, in that some demarcation line in the classical inductivist sense
of ‘absolute confirmation’ seems to be needed; hence, in some cases ‘suspension of
belief’ should be considered epistemically better than the adoption of one amongst
the available theories. This reinforces the choice made in point c above of V s = 1
(i.e., the verisimilitude of a tautology, which can be interpreted as an empty answer) as
a lowest limit of the demarcation criterion for acceptable-theories-in-the-first-sense.

The point made in the previous paragraph is consequential enough to summarise it:
when asking ‘why are good theories good’, we are asking several different questions:
one is ‘what makes a theory better than another’; functions like Huber’s Bayesian
confirmation or my family of verisimilitude functions provide a partial answer to that
question. Another two different questions are, ‘what makes a theory so good that it
is legitimate to accept it?’ (though one could still legitimately accept other alterna-
tive theories) and ‘what makes a theory so good that it is compulsory to accept it?’
(so that it is taken as ‘certified knowledge’). Formal studies of confirmation have
hardly touched until now the analysis of what is what makes these three questions
different, and there is a good reason for that, as we shall see immediately.

In the second place, purely formalist definitions of epistemic values, like those of
Huber’s or those presented in the past section, are unable to illuminate by themselves
the question of which demarcation criteria are ‘best’. From the point of view of those
functions, any point above 1 serves equally as any other. It is the rest of the preferences
of the scientists (epistemic or non epistemic) what must be taken into account in order
to determine what choice of demarcation levels is optimal. From a rational choice per-
spective, if we call X the set of all possible mutually exclusive sets of consequences
that the choice of a demarcation level β will have for scientist i , then, the optimal
choice for that scientist will correspond to:

(7) β∗
i = argmax

∑
x∈X (pi (x, β)ui (x)),

where pi (x, β) is obviously the probability with which i judges that the choice of β

will lead to consequences x , and ui (x) is the utility that i would experiment under x .
This depends on all the things the scientist values, as long as these things are affected
by the choice of a demarcation level; for example, since this choice affects the prob-
abilities she has of finding a theory that passes the mark, and hence of becoming
the discoverer of a theory that her colleagues can (or, still better, must) accept, the
pursuit of recognition will undoubtedly be a strong factor influencing the preference
of scientists for one or another threshold.12 Furthermore, we must take into account
the reasonable possibility of different scientists having different preferred demarcation
thresholds, what wouldmake its collective choice considerablymore complicated, and
depending on the institutional ways of making collective decisions that each scien-
tific community may have established. All this means that pragmatics is unavoidably
intermingled within the choice of a standard of confirmation, so that this choice cannot

12 Cf. Zamora Bonilla (2002b).
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be a matter of ‘logic’ alone (no more than what the ‘logic of business’ or—to quote
Popper’s famous example—the ‘logic of chess’ are, though I suspect that the ‘logic
of confirmation’ is more similar to the first example than to the second, because of its
strong dependence on casual pragmatic considerations and of its not being reducible
to a fixed and universal set of norms).

In the third place, one reason why the two ‘conflicting intuitions’ behind the confir-
mation notion are in conflict is probably because they are related to two different types
of scientific claims, which are tested through relatively different types of processes.
Basically it is the difference between, so to say, more ‘observational facts’ and more
‘speculative theories’. Personally, I don’t think that an absolutely clear distinction can
be drawn between both types of items; after all, what makes of something a ‘datum’
is that it is empirical in some sense, and that it can be used to test some theory, and
what makes of something a ‘theory’ is that it can be used to explain or understand
some ‘facts’; so, something can be a datum in relation to something, and a theory in
relation to something else. But, in spite of that, some claims are more apt to be tested
by means of inductive methods (including eliminative induction), and some claims by
hypothetico-deductive, or abductive methods. The main difference regarding the con-
firmation question is whether we think that new evidence can ‘disconfirm’ the claim.
Usually, we do not reasonably expect that propositions that have been ‘established’
by means of inductive reasoning can be falsified by new observations (or new types of
observations), though we may be open to reconsidering the range of validity of those
propositions. Other claims, however, are still considerably hypothetical even if they
have been successful in explaining and predicting the relevant data, and we acknowl-
edge that new empirical discoveries may completely refute those hypotheses (though
these may persist as ‘good approximations’ in some cases). My impression is that we
hardly would say of most of these second type of theories that they have been ‘con-
firmed’, even if they are currently accepted. The limits, I insist, are vague, and perhaps
in some cases the accumulation of different abductive arguments is as demonstrative
of the truth of a claim as inductive arguments can be, but in general, ‘theories’ that try
to explain many different things will tend to have a relatively low posterior probability,
even if ‘corroborated’ by E in Popper’s sense (see Fig. 3a), whereas ‘laws’ will have a
high degree of inductive support (Fig. 3b). As the figure allows to see, the ‘theory’ in
the first case can even have a much higher verisimilitude than the ‘law’ in the second
one (even if p(H ′, E) is much bigger than p(H, E), so that it is H ′ the one we would
tend to say that has been ‘confirmed’ by E).

This question can connected with a recent discussion by Stanford (2006)
about whether the ‘pessimistic induction’ argument undermines scientific realism.13

Stanford modifies this famous argument by pointing to the fact that it is not only that
many past successful theories posited non-existent things, properties or mechanisms,
but that the proponents of those theories were unable to imagine or conceive the theo-
ries that, years or centuries later, have replaced them.Thismeans that, if those scientists
thought that their own theories had been ‘confirmed’ in the sense that their data elim-

13 For the ‘pessimistic induction’ argument (according to which most successful theories in the past failed
to make reference to real entities, and so we can infer that the same will happen with current theories), see
Laudan (1981).
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a

b

Fig. 3 Two different meanings of ‘success’

inate the possibility of other rival theories being true, or made extremely unlikely any
other rival theories, they were utterly wrong! Stanford is critical, hence, of the ‘infer-
ence to the best explanation’ argument: the best explanation we have may actually be
very unlikely (for, example, in Fig. 3a, p(¬H, E) is much smaller than p(H, E)). Still
more precisely, his reasoning is that the scientists’ (or the realist philosophers’) sub-
jective judgments of probability may fool them in making them believe that, because
H has managed to explain and predict so many surprising findings, p(H, E) is very
large, whereas the truth is that there can be a lot of unconceived theories that also
explain E equally well, so that the objective probability of H is really very low. It
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is important for our discussion the fact that Stanford explicitly denies that this puts a
difficulty for the acceptability of the kinds of propositions whose truth is established
by more inductive procedures (Stanford 2006, p. 32ff.), and hence, Stanford’s discus-
sion would be coherent with my previous point illustrated by Fig. 3: many successful
theories need not to be taken as ‘confirmed’ in spite of their success.

5 Confirmation, naturalism, and Bayesian tinkering

5.1 For a formal naturalist epistemology

So, why are good theories good? In contrast to the common image of the goals of ana-
lytical epistemology I offered in the introduction, I want to defend in this last section
a naturalist approach. According to this view, the task of the philosopher of science
is not to answer that fundamental question as if it were part of a logico-mathematical
science, but as an empirical scientific problem. The empirical fact in question is that
there is a lot of populations of real scientists out there, working with many things,
some of them we can call (just as a convenient label) ‘theories’, and those scientists
claim (or behave as if they thought) that some theories are ‘better’ than others, accept
some of them when they are ‘good enough’, and very often, they even punish their
colleagues when these fail to accept some theories that are ‘extremely good’. In princi-
ple, the ‘problem of theory evaluation’ is not a ‘philosophical’ problem, but a problem
for the communities of flesh-and-bone scientists.14 The philosopher enters here in an
analogous way as the scientist does when she approaches her objects of study: trying
to understand, by means of theories and models, what is what is going on within that
parcel of the world, and testing his theories against the data attained by the observation
of that parcel. This ‘naturalism’ does not entail (as some may have concluded) that
there is no role for a formal epistemology, nomore than physics being a natural science
precludes its being strongly mathematized, but it simply reminds us that the abstract
objects we construct and study within the field of formal epistemology are not to be
understood as systems whose validity is to be determined just by logico-mathematical
arguments, but are essentially tentative models of empirical phenomena, phenomena
that consist in the actual practices of theory evaluation real scientists carry out. This
does also not entail that formal epistemology must be ‘descriptive’ and not ‘norma-
tive’: it can be normative, but not because the philosopher has a privileged access to
the right essence of the epistemic values, and constructs his formal models by deriving
them from those essences, but simply because the empirical subject matter that formal
philosophy of science examines is normative in itself, i.e., it is constituted by the nor-
mative attitudes of scientific communities (what they consider ‘good’, ‘legitimate’,
or ‘compulsory’), and because it is conceivable that the philosopher’s analysis leads
to conclusions of the type ‘this community is not behaving according to the norms
it preaches’, or ‘the cognitive practice of this community is detrimental to such and
such other values’. In this sense, formal epistemology can be exactly as empirical and

14 Of course, we might reason in the same way à propos of ‘everyday knowledge’, but I’m circumscribing
here to the case of science.
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as normative as economic theory is (and suffer from the same type of methodological
problems because of that).15

Very often we read thinks like that “formal models of philosophically interest-
ing concepts are tested largely by seeing how well they match intuitive judgments
in particular cases”.16 The suggestion made in this paper is, instead, that the most
appropriate way of assessing a theory of confirmation is by showing its coherence
with real practices of theory evaluation, which, obviously, are based themselves on
scientists’ ‘intuitive judgments’, but which have also been modulated by a long history
of scrupulous trial and error. Before the formal analytical epistemologists that have
kept reading this paper till this point stand up and go, I shall reassure them by pointing
to the fact that this does not necessarily entail that epistemologists become just another
species in the fauna of ‘historico-sociological case studies’: in the same way as there
is room in physics or in economics for the ‘empirical’ (or ‘experimental’) and for
the ‘theoretical’, the same may happen in epistemology: you can earn your life as a
theoretical formal epistemologist. But of course, theoretical formal epistemology is
not less empirical than stuck-to-the-ground history and sociology of science: it simply
accesses the empirical phenomena in a more indirect, ‘stylised’ way. The idea is just
to complement (if not to replace) methodological attitudes like the one exemplified
by the quotation at the beginning of this paragraph, with the attitude of supposing
that our analysis is a toy model of an imaginary scientific community, and use our
general knowledge of how scientific communities work in order to see if our model
depicts accurately enough the relevant aspects of those real practices. For example, is
the way scientists evaluate their theories more similar to what might be derived from
the assumption that they are trying to maximise something like classical Bayesian
functions (like p(H, E)–p(H)), or to Huber’s f , or to the functions of verisimili-
tude described above? Just by way of example, besides the properties indicated in (4),
Zamora Bonilla (2002b) shows that the combination of sophisticated verisimilitude
and the assumption that when new empirical discoveries are awaited scientists evaluate
their theories according to expected verisimilitude, leads to a ‘rational reconstruction’
of the ‘stylized facts’ on the evolution of scientific research programmes explicated
by Lakatos.

5.2 Nagelian reduction and epistemic values

I shall end by illustrating this naturalist attitude by means of two further examples,
in which the formal and the empirical mix together. Both are based on the fact that
the probabilities employed in our models are subjective, and hence, subjected to the
possibility of what we might call ‘Bayesian tinkering’: the strategic handling of prior
probabilities. The first example refers to the evaluation of theories in those cases where
one theory is reduced to another; the second example refers to the explanatoriness of
theories as a cognitive virtue. Once upon a time, positivist philosophers saw inter-

15 See, e.g., Yuengert (2004) for the problems about the connection between the positive and the normative
in economics, and Kahn et al. (1996) for one early example of ‘economics-oriented’ methodology.
16 Christensen (1999, p. 460).
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theoretical reduction as the fundamental road to scientific progress; the anti-positivist
movement of the second part of the twentieth century led a majority of philosophers to
abandon, not only the idea that science progresses through reduction to some theories
to others, but in many cases even the belief that intertheoretical reduction is logically
possible at all. For my argument’s purposes, there is no need now to enter any deep
discussion on ‘reductionism’, but just to point out that, as a matter of fact, scientists
try sometimes to reduce a theory to another, and often they succeed; in the minimalist
theory of reduction of Nagel (1961), ‘reduction’ consists simply in somehow being
able of showing that the laws of the reduced theory (T ) can be derived from the laws
of the reducing theory (T ′), together with some auxiliary assumptions and bridge laws
(see Dizadji-Bahmani et al. 2011, forthcoming) for a defence of the logical validity
and historical reality of ‘Nagelian’ reduction). The question I want to concentrate on
is, why do scientists bother in trying to show that such a mathematical relation exists
between two theories? The answer will be, of course, that this strategy can be fruitful
in the struggle for increasing the epistemic value of the theories. Dizadji-Bahmani
et al. (2011) show that this can be so in the case of simple Bayesian confirmation,
i.e., the conditional probability of both the reduced and the reducing theories can be
higher after the reduction relation has been proved; I will employ a similar argument
to theirs’ for showing that the same is true in the case of verisimilitude.

If T can be reduced to T ′, thanks to auxiliary assumptions A, this means that sci-
entists have been able to establish the truth of the proposition (T ′ & A) → T (in
what follows, I will simplify by considering A as part of the axioms of T ′, so that
the relevant relation is just T ′ → T ). The existing empirical evidence is E ; assume
for simplicity that H successfully explained E (it is more realistic to assume that
it didn’t, and that it even has some ‘anomalies’, so that sophisticated verisimilitude
functions need to be used; but I will limit my example to the simplest case). Before a
mathematical proof existed of the proposition T ′ → T , the situation from the point
of view of scientists is as depicted in Fig. 4a: no logical connection exists between T
and T ′ nor between T and E . The relative sizes of T and T ′ are also significant: T
may have a relatively low prior probability (it consists in a set of assumptions accepted
just because they successfully explain the evidence), whereas T ′ may have a higher
prior probability, because its axioms are more coherent with the background knowl-
edge, for example (I do not claim that this is a necessary condition of reduction, just
an illustrative possibility). In this case, the verisimilitude of T ′ is low in spite of its
being perhaps plausible a priori, and the verisimilitude of T is higher, but probably
not too much, because of its low prior probability. The situation changes when it is
proved that T ′ entails T (Fig. 4b): now, scientists know that T ′ also entails E , and the
verisimilitude of T ′ will grow accordingly (not only because the increase in p(T, E),
but because of the decrease in p(TvE)); furthermore, since T logically follows from
T ′, the prior probability of T must be at least as big as that of T ′, and if this one was
based on its coherence with background assumptions, it is more reasonable that the
adjustment leads to the increase of p(T ). than to a decrease of p(T ′).

So, showing that a theory is reducible to another one can increase the verisimilitude
of both theories, and certainly the verisimilitude of the reducing theory. Reduction is
a way of ‘importing’ the empirical success of the reduced theory to the reducing the-
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a

b

Fig. 4 Increasing verisimilitude through Nagelian reduction

ory, and sometimes also a way of improving the plausibility of the reduced theory’s
assumptions.

5.3 Explanatoriness and confirmation

Let me come back to a couple of important points of my discussion of Huber’s theory
of confirmation:

(a) as Huber insisted, the ‘real’ logic of confirmation includes not only ‘inductivist’
values, but also ‘hypothetico-deductivist’ virtues; however, many hypothetico-
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deductivist philosophers usually consider that a good theory is not only one that
‘explains’ the available evidence in the sense that the evidence can be logically
derived from the theory, but also in the sense that it is a good explanation; i.e.,
the explanatoriness of a theory is not only a matter of how much it explains, but
also of how well it does it, and this has to do not only with the logical properties
of the theory, but also with its other cognitive and pragmatic features;17

(b) as a conclusion of the previous point, if we identify the ‘logic of confirmation’
with the ‘logic of acceptability’, and admit that acceptability depends on a num-
ber of virtues amongst which there may be some trade-offs, we must be open to
the possibility that scientists prefer to accept a theory that they think explains
better, even if a rival theory explains more.

Point b is, in a sense, the old Kuhnian story of senior scientists refusing to accept a
new theory in spite of recognising that it ‘solves’ the anomalies of the old ‘paradigm’.
One reason of this reluctance may be that, for the defenders of the old theory, the
new one does not provide ‘good’ explanations, because these are based on princi-
ples and techniques that seem ‘absurd’ to them. Be that as it may be, the fact is that
scientists take into account something more than the relations of logical entailment
between theories and data in order to decide what theories to accept. This is in con-
flict, of course, with the Hempelian, positivist account of nomological explanation,
but is more coherent with other approaches that assume that cognitive and pragmatic
virtues like ‘understanding’ are necessary in an explication of explanation. One recent
example of these other approaches is de Regt (2009), according to whom a theory H
explains the facts F for the scientific community C if and only if F can be derived
from H by C , and the members of C understand H , i.e., if H is ‘intelligible’ for
them.18 An obvious way to take into account this ‘intelligibility’ requirement in the
(quasi)-Bayesian functions we are examining in this paper is by connecting it to the
measures of prior probability of the relevant propositions, and to the relation these
have with the ‘background assumptions’, by means of a conjectural principle like the
following:

(8) Coeteris paribus, if X is easier to understand than Y , thenp(Y ) < p(X).

Of course, this principle is extremely vacuous, since the types of things that enter
into the coeteris paribus clause are so numerous and varied that it is unlikely that a
couple of real theories happen to be exactly equal in everything else besides how easy
to understand for somebody. This, however, is not a disproof of the claim that the intel-
ligibility of a proposition (that may depend, amongst other things, from its coherence
with the ‘background knowledge’) affects the subjective prior probability with which
it is assessed by scientists. An argument in favour of this claim is the fact that scientists
tend to employ an array of rhetorical arguments (i.e., arguments not directly consist-
ing in confronting the theories with the data) to persuade their colleagues about the

17 Cf. the following recent quotation by a biochemist: “We could encourage a more realistic (…) under-
standing of evolution by admitting that what we believe in is not a unified meta-theory but a versatile and
well-stocked explanatory toolkit” (Doolittle 2010, p. 455, original’s italics).
18 Donato and Zamora Bonilla (2009) refer to ‘enlightening’ as a similar cognitive virtue of models or
theories, identified with the easiness (or the increment thereof) with which these models or theories allow
to navigate the network of inferential links to which they belong.
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plausibility of their theories. My hypothesis that scientists try to maximise a function
like (3) (or its more sophisticated versions) ‘predicts’ that this type of arguments, as
attempts to increase p(H), will be used at least when H is empirically successful (i.e.,
when it entails E , or a big part of the laws contained in E), for this increases p(H, E)

without enlarging p(HvE). It also ‘predicts’ that similar rhetorical arguments, but in
the opposite direction, will be employed to show that p(E) is low (for this, when H
is successful, increases p(E, H) and reduces p(HvE)). I.e., scientists will try to show
that their hypotheses are very plausible a priori, and that the facts explained by those
theories are very implausible.19

If some readers reacted to the ‘naturalism’ defended at the beginning of this section
with the feeling that I was trying to remove the ‘philosophy’ from the philosophy
of science (what was obviously not my aim), my last argument shows that philoso-
phy inescapably enters science by the back door, for in the end, it is ‘philosophical’
(as opposed to ‘empirical’) arguments what scientists need to use to tinker with
the plausibility judgments of their colleagues (and the general public). It is not
strange, then, that plenty of philosophical argumentation takes place during scien-
tific revolutions.
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1 Introduction: ‘∃ means ∃’
The main thesis defended in this paper is that the choice between a realist or an anti-
realist attitude towards scientific theories, concepts, etc., is a choice that scientists
themselves have to face in their work, and whose rationality can be assessed ‘from
the inside’ of science. I am not denying that there is something like ‘the philosophical
problem of scientific realism’, which in very general terms could be described as the
problem of whether the claims of science have to be ‘interpreted’ literally or non-
literally from the point of view of some philosophical semantics or epistemology, but
instead want to point that many important aspects traditionally associated to those
‘philosophical’ questions can profitably be understood as scientific problems, i.e.,
questions that scientists themselves have to consider and to answer within their own
practice as scientists. After all, on reflection it is a little bizarre to assume that, asArthur
Fine famously described the debate between realism, anti-realism, and his own ‘natural
ontological attitude’,we canmake a neat cut between ‘belief’ and ‘interpretation’;1 for,
thoughwe can imagine cases inwhich one believes something, or believes she believes
it (say, the dogma of Trinity), without really knowing what it means, it seems that most
of the time people have amore or less perspicacious understanding ofwhat they believe
and say; so, to have a belief is already to have an interpretation of that belief, it is to
understand what one is believing. Of course we might say that this is usually not a
‘philosophical’ interpretation, even in the case of the scientists’ beliefs and claims, but
in most cases, and particularly in science, what these beliefs and claims are about will
be precisely things such as what things are there (‘ontology’) and how can we manage
to know them (‘epistemology’). Furthermore, if it were true that scientific claims
needed a ‘philosophical interpretation’ in order for ‘us’ to determine whether ‘we’ are
rationally justified to take those claims (e.g., that there are such and such molecules
with such and such structure) as literally true, we could go one step further and ask
whether ‘we’ must take the philosopher’s claims literally (say, perhaps an anti-realist
philosopher doesn’t aim that we take him literally when he uses the philosophically-
theoretical concept of ‘unobservable’); but this, obviously, would immediately lead
us to an infinite regress. Lastly, looked from the perspective of scientific practice,
it is not even clear what is meant in the arguments for and against realism when
the expression ‘scientific theories’ or ‘scientific claims’ are used; for, after all, some
scientists, especially during controversies, affirm some things while other affirm the
opposite, some say that there are enough arguments to accept a hypothesis while other
scientists deny it. For example, the history of science is full of cases where researchers
have rejected the existence of some entities or the truth of some hypotheses: are we
going as philosophers not to take literally what scientists are saying in these cases?

The main point of this paper, hence, is to consider the decision between having
a realist or an anti-realist attitude towards a particular scientific hypothesis, model,
concept, etc., not as a philosophical inquiry (without denying that there are deeply
interesting things within that inquiry), but as a decision that scientists themselves
ordinarily face in their practice. I will not, however, engage here in a historical or

1 “Realism requires two distinct elements. It requires belief and it also requires a particular interpretation
of that belief”, Fine (1986, p. 176).
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ethnographic investigation about what scientists actually do, but I will try to develop
a philosophical (or meta-scientific) explanation of their predicament, i.e., I will try
to illuminate it from the point of view of several philosophical tools. This does not
contradict what I said in the previous paragraph, because my goal is not to discuss
whether the assertions of scientists are to be taken literally or not, but to understand
why, e.g., they make some times affirmative existential assertions and other times they
do the opposite, why they are concerned sometimes about the truth of some theories
or models, while other times they are not.

In particular, I shall employ two different approaches. In Sect. 2, I will show how
a couple of traditional arguments for scientific realism (the ‘non-miracle argument’
and the ‘continuity of reference’) look like when considered from the point of view
of a deflationary, pragmatically oriented semantics (i.e, one in which the primary
role of semantics is mainly understood as that of explicating the use of semantic
terms, like ‘true’ or ‘refers’, within natural languages). In Sect. 3, I will employ a
rational-choice model of scientists’ behaviour, and in particular the assumption that
their choices are guided by a certain type of ‘epistemic utility’ (one that in other papers
I have called ‘empirical verisimilitude’), in order to develop a tentative explanation of
scientists’ choice between ‘realist’ and ‘instrumentalist’ ways of evaluating theories,
and in particular to the question of how relevant it is for that evaluation the possible
existence of ‘unconceived alternatives’. Section 2 will try to bring down, so to say,
some aspects of the traditional philosophical debate about realism to the field of the
scientists’ own decisions about what to assert and what to deny, while Sect. 3 will
offer a more substantial account about what may justify those decisions from the point
of view of scientists themselves.

Of course, though I will put some simple examples of my arguments, a detailed his-
torical study of ‘realism-and-anti-realism-in-the-practice-of-science’ under the lines
of the philosophical ideas presented in this paperwould be necessary, but, beingmyself
not a historian, I will have to leave that work for other scholars. I’d be content if the
ideas drafted in this paper serve as an inspiration for such type of work.

2 Scientific realism from a deflationary point of view

2.1 Semantic deflationism

A theory about semantics is deflationist if it claims that semantic notions can be
sufficiently explained without committing ourselves to some or other position about
metaphysical problems. For example, Paul Horwich’s minimalist theory of truth is
based on the trivial (Aristotelian, Traskian) point that proposition ‘X’ is true iff X, but
adds that this is all that is needed to explain the role of the truth predicate.2 Another
interesting deflationary approach is Robert Brandom’s expressivism, which explains
the role of semantic terms like ‘true’ or ‘refers’ by the expressive capacity they give
to those languages possessing them, i.e., by the things we can say thanks to those
expressions and that we could not say without them (e.g., “all logical consequences

2 Horwich (1990).
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of true axioms are true”).3 I will not commit, however, to any detailed version of
deflationary semantics, but will limit myself to using some simple ideas derivable
from their more trivial claims; basically, in the first place, the idea that, for every
proposition ‘X’, there can be no difference at all between a world of which we can
assert that X, and a world of which we can assert that ‘X’ is true, and second, the idea
that the most basic role of the notion of reference is that of establishing co-reference
(or ‘anaphora’), i.e., allowing us to determine when can one expression be substituted
for another.

2.2 What are we explaining when we explain the success of science?

In the last decades, the most popular philosophical defence of scientific realism has
been what is known as the ‘no miracle argument’ (NMA).4 Though there is a range
of different interpretations of NMA,5 it typically asserts that scientific realism is ‘the
best explanation’ (or perhaps, the only reasonable one) of the ‘success of science’,
or more particularly, of the empirical success of modern scientific theories. I admit
that the argument is intuitively compelling, and my own discussion will probably not
contradict it strictly speaking, but I will try to show that, when considered from the
point of view of a deflationary semantics, NMA transforms itself in something close
to a trivial scientific claim.

Let’s start by considering what is that NMA tries to be an explanation for. In the
most compelling cases, what it tries to explain is not the ‘general success’ of modern
science (i.e., how it is that we have managed to develop such a successful science),
but, more specifically, the tremendous empirical success of some theories, especially
in the natural sciences, and more particularly in physics. Defenders of NMA claim
that it would be almost impossible that those theories made so many and so good
predictions if they were not true, or at least, very approximately true. But, what are we
exactly explaining when we explain ‘the tremendous empirical success of a theory’?
What kind of fact our explanandum is?

Let T be the theory whose empirical success we want to explain, and let E be the
proposition (or conjunction of propositions) that constitute the empirical evidence
on which T is assessed. For simplicity, let’s suppose that T explains and predicts E
perfectly, i.e., that T logically entails E, and that E was deeply implausible before
being derived from T and empirically tested.6 The fact that T is ‘predictively very
successful’ seems to consists in the conjunction of the following propositions (each
of them logically independent of the rest):

(1) T entails E
(2) The truth of E was surprising at the moment E was derived from T
(3) E is true.

3 Brandom (1994, ch. 5).
4 Putnam (1981).
5 See, e.g., Psillos (1999, ch. 10), Worrall (2007), and Frost-Arnold (2010).
6 Of course, there can be lots of discussions about what is to be a ‘good explanation’ and its connection to
predictions, but they will distract us from the specific point I want to make, so I shall use in my argument
the most naïve version of the nomologico-deductive schema.
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Hence, in order to explain the ‘success’ of T, we shall have to offer an explanation
of these three facts. However, once we enter into the details, it’s easy to see that (1)
is just a ‘logical fact’: there is no difference between explaining ‘why’ T entails E
and just proving that T entails E; there is nothing like a ‘substantive’ explanation in
explaining (1), i.e., an explanation that has to do with how the world is, or anything
we can conceive as related to ‘the problem of scientific realism’; and, of course, it is
not ‘the truth of T’ what explains the (logico-mathematical) fact that T entails E, for
this is independent of whether T or E are true or false.

Regarding (2), it can in turn be decomposed into the following claims:

(2.a) E was deduced from T before knowing whether E was true
(2.b) The prior probability of E before testing it empirically was very low7

As in the case of (1), the fact (2.a) seems to have nothing to do with a substantive
explanation in the sense that would be necessary for assessing the NMA; at most,
it is a psychological or historical fact about the specific people who carried out the
deduction of E fromT, and about the historical evolution of themathematical or logical
technics that allowed to perform it. Its explanation seems also not to have anything
to do with whether T is true, which is the explanans favorited by defenders of the
NMA. On its turn, (2.b) simply asserts that E was (very) implausible at the time; we
can explain (2.b) either by offering a kind of formal description of the amount of
information E contains, or by giving details about why the contemporaries considered
it implausible on the basis of their other beliefs, but at no place it seems that ‘the truth
of T’ can serve as an explanation of (2.b), nor of the other facts contained in (2) or (1).

Lastly, we have the fact (3), i.e., the fact that E is true, as the only element in the
explanandum of NMA for which ‘the truth of T’ might serve as an explanans. Here
is where our semantic deflationism reminds us that ‘the fact that E is true’ is just
another way of expressing exactly the same fact that proposition ‘E’ expresses. Hence,
explaining (3) is just the same thing as explaining E. But for explaining E we don’t
need any philosophical theory; what we need (and scientists pursue)is a scientific
theory like T, one of whose goals is, obviously, to explain E.

We find out something analogous when we reflect on the usual way realist philoso-
phers express, not the explanandum of NMA, but its purported explanas: it is, they
say, the truth of T, or the fact that T is true (or approximately so), what ‘explains’ its
empirical or predictive success. But from our deflationary semantics, there is, again,
no difference at all between ‘the fact that T is true’ and those facts about the world
that we express in affirming T itself. Hence, ‘that T is true’ is just a different way of
saying that T (when T is not taken as the name of the theory, but as the conjunction
of its axioms, principles or hypotheses). Hence, by saying that ‘the truth of T explains
its empirical success’, or that ‘the fact that T is true explains why T is empirically
successful’, we are just expressing in a slightly more complicated way what we can
express just by saying that T explains E, for ‘T’ asserts exactly the same as ‘the fact
that T is true’, and ‘E’ asserts basically the same as ‘the empirical predictions or T are
true’ (if, as we are assuming, they are).

7 I employ this ‘Bayesian’ reconstruction of the idea of ‘surprisingness’, but each reader can replace it for
his or her favourite one.
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In a nutshell, I have decomposed the explanadum of NMA into three different,
logically independent facts. Of these facts, (1) requires not an ‘explanation’ at all,
but a logico-mathematical proof, which is what scientists do when they derive E from
T. (2) may require an explanation, but it will be a historical one (why some people
did some things at some time), which is, in a sense, a scientific explanation, not a
philosophical one. Furthermore, neither (1) nor (2) can be explained in any way by
‘the truth of T’. And lastly, (3) needs indeed an explanation, but it is also a scientific
explanation, the one for which T has been devised.

I want to insist in that I am not claiming that there is nothing like ‘explaining the
empirical success of a theory’. What I am saying is that, when we carefully analyse
the explanandum of that explanation, we find that the only substantive part of it is just
the one the theory itself explained, if it was empirically successful. Hence, in order to
assess whether ‘the truth of T’ is a good explanation of ‘the empirical success of T’,
the only thing we can do is to see whether T is a good, or appropriate, or acceptable
explanation of E. But this is a scientific problem, i.e., a problem for scientists to solve,
not a ‘philosophical’ one.8 I am also not denying that there is something important to
the intuition that ‘it is very unlikely that T is not (at least approximately) true, given
how empirically successful it is’, nor to the idea that novel predictions are a better
reason to accept the truth of the theory than ex post accommodations of already known
facts; I will even say something else about this in the Sect. 3. But I invite realists to
identify within the explananda of NMA some elements that I might have missed in my
own analysis, and to show how ‘the truth of T’ is actually a good explanation of that,
in some way that goes further from the mere logical fact that T explains or predicts
what it explains or predicts.9

Note, finally, that my argument is not an attack to scientific realism as a substantive
thesis; rather on the contrary, if T is empirically adequate and many of its predictions
were highly implausible, this is of course a reason to accept the truth of T (what other
better reason could we have, after all?). What I am saying does not go against this
claim, only against the idea that there is something in the ‘philosophical interpretation’
of the relation between T, the observed facts, and ‘the world’, that goes beyond what
scientists themselves need take care of.

2.3 The continuity of reference

Another common topic in the realism debate is that about the reality of ‘theoretical
entities’, and in particular, about the ‘continuity’ or ‘discontinuity’ of the reference

8 Of course, philosophers can discuss aboutwhat an explanation consists in,what is its relation to prediction,
etc., etc. But this is (at best) an additional clarification of the work of scientists, whereas ‘explaining the
success of T’ is, if my analysis is right, exactly that work, not a clarification of it.
9 Actually, it seems even clearer that the best explanations of the empirical success of some past scientific
theories do not often come from philosophical arguments, but from the scientific theories that supersede the
former ones. For example, Newton’s gravitation theory offered a sensational explanation of why Kepler’s
theory of planetary movements was so accurate (though not perfectly so), like Einstein’s relativity explained
in a superb way why Newtonian mechanics is so empirically adequate in describing the movements of not-
too-fast and not-too-heavy bodies. Again, this shows that you need scientific arguments to explain the
success of science, rather than philosophical ones
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of theoretical terms as scientific theories change and are replaced by others during
the course of history. Typically, anti-realists have tried to show that many, if not
most theoretical entities hypothesised by overcome scientific theories did not exist,
according to our current knowledge, even if they were necessary to generate those
theories’ successful empirical predictions.10 A common line of defence of realist
philosophers has been to indicate that, even if past theories have been refuted and
their theoretical terms have been shown to be non-denoting, or their meanings have
considerably changed, there is nonetheless a strong continuity between the ontologies
of the successive theories.11 What is understood by this continuity is that something
important is ‘preserved’ in the process of passing fromone theory to another. Structural
realists affirm that what is preserved is ‘structure’: things like equations, symmetries,
or any other type of abstract forms. Entity realists, on the other hand, affirm that besides
the conservation of some structural features, also the reference or the denotations of
some theoretical terms are often preserved to some extent. Moreover, it may be argued
thatmany ‘overtaken’ scientific concepts can be reinterpreted asmore or less erroneous
(and hence, more or less right) descriptions of entities that we take as really existing.12.
For example, phlogiston has been interpreted as a kind of rudimentary account of
electrons, and the caloric fluid has been taken as a naïve description of molecular heat.
I will not enter here into historical discussions, but will instead approach the problem
in a purely abstract way from the point of view of our semantic minimalism. This
suggests that, instead of considering the question of whether theoretical terms ‘really’
refer or not, we should consider first of all what is what the speakers (in this case,
scientists) want to express by choosing one way of speaking or another about those
theoretical entities.

Imagine the following simplified, ‘Sesame Street’ situation.We have two scientists,
Ernie and Bert, that employ several predicates P, R and S, with which they can make
different assertions. Let ‘Ci(X)’ stand for ‘scientist i claims that X ’ (for the sake of
simplicity, I will not make any difference between ‘claiming’, ‘knowing’ or ‘believ-
ing’), and let ‘#xFx’ stand for the definite description ‘the x such that Fx’. Suppose
that Ernie and Bert assert the following:

(4) Ce (∃x(Px & Rx & ¬Sx))
(5) Cb (∃x(Px & ¬Rx & Sx))

That is, Ernie affirms that there is something that has properties P and R, but not S,
whereas Bert affirms that there is something that has properties P and S, but not R.
The interesting question is, of course, whether those ‘things’ (the x’s) are ‘the same’
or not. From Ernie’s point of view there are two possibilities:

(6) Ce[∃x (Px & Rx &¬ Sx) &Cb (∃y (Py&¬Ry&Sy)) &
&#xCe (Px&Rx&¬Sx) = #yCb (Py&¬Ry&Sy)]

(7) Ce[∃x (Px&Rx&¬Sx) &Cb (∃y (Py&¬Ry&Sy)) &
&#xCe (Px&Rx&¬Sx) �=#yCb (Py&¬Ry&Sy)]

10 This is the famous Laudan’s ‘pessimistic meta-induction’; cf. Laudan (1981).
11 See, e.g., Psillos (1999, ch.12) for a general discussion, and also Worrall (1989), Ladyman (2007),
Bueno (2008) and Bartels (2010) for some different versions of the argument.
12 Of course, anti-realist defend just the contrary; cf. Chang (2012)
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Both (6) and (7) coincide in affirming that Ernie believes the same as in (4), and
furthermore, that he believes what (5) affirms about Bert. The difference between (6)
and (7) is that, according to (6), Ernie thinks that the entity of which Bert believes
what is expressed in (5) is the same entity of which Ernie believes what is expressed
in (4), whereas, of course, in the case of (7) Ernie thinks that these are two different
entities.

One simpler way of expressing the same as in (6) would be

(8) Ce[∃x(Px&Rx&¬Sx&Cb(Px&¬Rx&Sx))]
That is, Ernie thinks there is something that has properties P, R, and not S, and of which
Bert believes that has properties P and S, but not R.13 Co-reference of the ‘x’ and the
‘y’ of (6) is directly and ‘transparently’ expressed in (8) as the fact that now there is
only one existential quantifier and one individual variable.14 However, (7) does not
admit such a simplification, but at most the following one

(9) Ce[∃x{(Px&Rx&¬Sx)&Cb(∃y(Py&¬Ry&Sy))
&x�=#yCb(Py&¬Ry&Sy)}]

The question is, nonetheless, that Ernie will have to choose between (8) and (9): does
he believe that the entities of which Bert claims such and such are the same entities of
which he (Ernie) claims different things, or not? Lets apply our schemata to a couple
of examples. If P, R and S stand for ‘is the minimal unit of a chemical element’,
‘is decomposable into smaller particles’, and ‘is perfectly spheric’, both (8) and (9)
would assert that Ernie (say, a contemporary scientist) believes that there are minimal
units of chemical elements, that these units are decomposable into smaller particles,
but that they are not perfectly spherical, whereas Ernie knows that Bert (say, a mid
nineteenth-century chemist) thinks that there are indeed minimal units of chemical
elements, but that they are perfectly spherical though not decomposable into smaller
units. The difference between (8) and (9) would be that, in the case of (8), Ernie thinks
that the entities (‘atoms’) accepted by Bert are the same entities accepted by Ernie,
whereas in (9), of course, Ernie thinks that the entities Bert accepts are not the same
entities accepted by Ernie. Probably, most contemporary scientists would opt for an
interpretation like that suggested by (8): the atoms of the atomists of the nineteenth
century are the atoms ‘we’ (contemporary scientists) talk about, though those chemists
attributed to these atoms some different properties from those we attribute to them.

But let’s consider a different example, in which P stands for ‘is an infectious agent
causing Bovine Spongiform Encephalopathy (BSE)’, R stands for ‘is a virus’, and S
stands for ‘is a prion’. In this case, according to (8) and (9), Ernie would think that
what causes BSE is a virus, not a prion, whereas he knows that Bert thinks that what
causes BSE is a prion, not a virus. Additionally, (8) asserts that Ernie thinks that the
entities Bert takes as causing BSE are the same ones that Ernie takes as causing BSE,
whereas according to (9), Ernie thinks they are not the same entities. In this case, it

13 This (very simplified) analysis of the semantics of referential terms is inspired in Brandom (1994, ch. 5).
14 Technically, (6) logically follows from (8), but not viceversa, but this is because of some technical
reasons about doxastic logic that are not relevant for my argument.
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seems more natural to interpret the disagreement between Ernie and Bert through a
proposition like (9): Ernie thinks that the prions imagined by Bert just do not exist,
for, ‘of course’, prions cannot be ‘identical’ to viruses.

But, what is the difference between both historical cases? It cannot be a formal,
structural difference, because our two examples are totally analogous from a formal
point of view; you can add more detailed and complex predicates to formulae (4)–
(9), but the point would still be the same: there is nothing in the logical structure of
propositions (4) to (9) allowing to prove that it is justified to accept some times that you
are talking about the same, and other times that you are not. However, it seems that it is
not also a difference having to do with the ‘causal capacities’ of the entities or systems
under study, or with our capacity of ‘manipulating’ those entities or systems: after all,
there are procedures to isolate in a flask the infectious agents of BSE, procedures that
are notoriously ‘causal’, and Ernie and Bert may agree that a particular flask contains
such entities… only that each of them thinks that the entities the other believes that
are contained in the flask do not really exist (e.g., there is not ‘a BSE virus’).15

I think there is simply no way to solve the dilemma of choosing between (8) or
(9) by applying a logical or philosophical theory of ‘reference’ (though, of course,
defenders of philosophical realism are invited to provide one), nor, by the way, by
any philosophical theory of scientific confirmation that only takes into account the
logical structure of the propositions involved. This, after all, is just a consequence of
the ‘ontological relativity’ and ‘inscrutability of reference’ suggested by Quine half a
century ago, which is particularly conspicuous in the type of second-order intensional
contexts we are now examining (i.e., when one thinks about what other people think).
But the undeniable fact is that real scientists do choose something like (8) in some
cases and something like (9) in some other cases, and often in a pretty spontaneous
way, without feeling the need of having a philosophical theory to guide their choice.
My suspicion (which I will not explore here in detail) is that the decision about how
much historically continuous the reference of scientific terms in a particular context
is depends more on pragmatic reasons than on semantic ones. The belief of ‘being
talking about the same’ is obviously necessary in any process of research, including
conversation and controversy, no less than in the ordinary use of language: if you and I
are going to rationally debate about something, I will have to assume that some of the
entities you are talking about are entities I am also talking about (e.g., we both accept
we are talking about the same flask). Scientific consensus will tend to enlarge the set
of ‘shared’ entities, both as a consequence of the working of other consensus forming
strategies, and as an efficient strategy to promote intersubjective discussion: in cases
where there are strong controversies, it is wise to make a previous effort to determine
‘what are we talking about’. But these strategies will work differently in different
contexts, and they will also manifest a certain degree of hysteresis and contingency:
once certain criteria or methods of ‘identifying’ entities have been established within
a field, their application will lead to accepting some entities that might have not been
accepted if different methods had been established.16 On the other hand, competition

15 Furthermore, those ‘causal capacities’ would be after all nothing but additional predicates to be included
in formulas (4)–(9), and so logic itself would be as powerless to allow us to derive any relevant difference
from causal predicates as it is regarding any other type of predicates.
16 See again Chang (2012) for a nice historical illustration.
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will in some cases lead some researchers to emphasize the differences between their
concepts and those of their rivals, more than the similarities. All these reasons may
explainwhywehave cases inwhich scientists end accepting (8) and cases inwhich they
accept (9), in spite of there being no substantial difference from a formal, empirical,
or causal point of view between both cases. This does not mean that ‘ontological
continuity’ is not an important issue in the history of science. It only means that it is
a problem that we must not think we can solve thanks to a philosophical theory, or
at least, thanks to an aprioristic metaphysics, semantics or epistemology. The most
similar thing to a ‘philosophical’ explanation of why certain continuities are accepted
in the history of science and why others are not, could probably be something like
an applied theory in philosophical pragmatics, but I propose this only as a suggestion
for further research. The most important conclusion of this subsection for my general
argument is that the ‘continuity of reference’ is something that scientists themselves
have to decide (and do decide) just in choosing one way of talking or another when
comparing some theories to others, and for doing that they don’t need philosophical
arguments, just the common linguistic or argumentative strategies that might have
been developed within their disciplines.17

3 Realism and the aims of scientists

3.1 The scientist’s utility function

Having a realist or an instrumentalist attitude towards a particular scientific theory,
model, hypothesis, etc., (i.e., accepting whether some theory is true, whether some
entities exist…) is a matter of concern for flesh and bone scientists, as we have seen
in the previous subsection. In order to understand how scientists may decide to do
one thing or the other, we need to have some insight about their preferences, or, as
economists and rational choice theorists say, about their ‘utility functions’. Instead of
trying to derive some intuition about what the epistemic preferences ‘should’ be, I will
take for granted that scientists are society’s best experts in knowledge (latin: scientia),
as cyclists are the best experts in cycling, or fishermen in fishing, and I will try to
develop a very simplified model of why scientists do what they do in their pursuit of
knowledge, in an analogous way as how economists produce simplifiedmodels that try
to understand why economic agents do what they do, and what consequences follow
from that, without assuming that they, the economists, ‘know better’ that producers or

17 One referee has pointed out that the continuity of reference is not so much something that philosophical
realism has to explain, as something that, if true, will count as an argument in favour of realism. I do not
deny this, though I doubt that it reflects a unanimous philosophical view about the connection between
the problem of continuity and the problem of realism. But, assuming the referee’s point, it does not count
against my argument, for I’m not criticising realism, but the idea that the arguments in favour of realism are
fundamentally ‘philosophical’, rather than scientific. So, if the continuity of reference is a datum supporting
realism,my point is that it will be scientists, nor philosophers, the ones that have to decidewhether continuity
exists and in what cases.
By the way, an analysis of scientists’ choice between (8) and (9) under the pragmatic approach suggested

here would be in line with the view of ‘rhetoric as the strategic use of language’ I have advanced in Zamora
Bonilla (2006), though applied to a totally different case (there, the topic was the choice of one interpretation
or another of an experimental result).
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customers whether, say, one car is better than another. Hence, the ‘utility functions’ I
am going to present here are just to be taken as a hypothetical, empirical, and simplified
reconstruction of the real preferences scientists have on epistemic matters.18

My suggested definition of the concept of empirical verisimilitude of a hypothesis
or theory T on the light of evidence E consists in the combination of a high degree
of coherence or similarity between T and E, and a high degree of coherence or sim-
ilarity between E and the whole truth (W), i.e., how similar T resembles to what we
empirically know about the truth, weighted by how similar this part of the truth seems
to the whole truth (this weight will be shown below to be equivalent to how informa-
tive E seems to be). This notion of coherence between two propositions X and Y is
modelled as p(X&Y)/p(XvY),19 where p is assumed to be a typical subjective (prior)
probability function, which can be different for different scientists. Hence,

(10) Vs(T,E) = [p(T&E)/p(TvE)] [p(E&W)/p(EvW)]
= [p(T&E)/p(TvE)] [p(W)/p(E)] (since E is assumed to be true)
= [p(T&E)/p(E)] p(TvE)p(W) (re-arranging)
∝ p(T,E)/p(TvE) (since p(W) is a constant)20

For simplicity, it will be the latter expression what I will take as the definition of
empirical verisimilitude. In the particular case when T correctly explains or predicts
E (i.e., if T entails E), this leads to:

(11) Vs(T,E) = p(T,E)/p(E) (since T entails E)
= [p(T&E)/p(E)]/p(E)
= p(T)/p(E)2 (since T entails E)

However, in the case when T is fully confirmed by the evidence E (i.e., if E entails T),
the value is:

(12) Vs(T,E) = [p(T&E)/p(TvE)]/p(E)
= [p(E)/p(T)p(E)]
= 1/p(T)

In the case when the empirical evidence contradicts the theory (and hence Vs(T,E) =
0), there are however some ways of using Vs to represent the epistemic preferences of
scientists. For example, the epistemic value of H can be given by Vs(T,E(T)), where
E(T) is the conjunction of established empirical laws explained byT, or the conjunction
of the most approximate version of each empirical law such that t still entails it.

18 Elsewhere (e.g., Zamora Bonilla 2002a) I have used the hypotheses that the scientists’ utility functions
combine two elements, an epistemic and a social one, which I identify basically with recognition from their
colleagues. This ‘social’ part will be irrelevant for the rest of my argument here.
19 I presented this definition in Zamora Bonilla (1996). For more details, see Zamora Bonilla (2013).
Independently, the formula p(X&Y)/p(XvY) became later a standard definition of coherence, after Olsson
(2002); similar results could be proved with other definitions of coherence or similarity, but I think the
combination of power and simplicity of that one justifies its choice. My definition is close in spirit to other
approaches to verisimilitude (the notion that different theories can be farther or closer to the truth; see
Niiniluoto 1987), but combines in a single measure of ‘how closer to the whole truth a theory seems to be’
what in other approaches, like Ilkka Niiniluoto’s, is decomposed into a notion of ‘objective distance to the
truth’ and a notion of ‘estimated distance’. My own point of view is that any relevant notion of ‘similarity’
contains always some subjective factors, which in my definition are partly taken into account by the fact
that p represents a subjective probability function.
20 For simplicity, the symbol ‘∝’ will be replaced by ‘=’ in the reminder of the paper.
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3.2 Unconceived alternatives

According to our model, scientists intuitively assess their hypotheses on the basis of
a function like Vs. Since usually the theories are attempted to explain the relevant
empirical data, rather than being logically confirmed by then,21 formula (11) will
be more useful. Let’s now consider by means of it the typical case in the discussion
about the problem of unconceived alternatives:22 althoughwemay have one or several
theories correctly explaining or predicting the known empirical facts, it can still be
the case that these theories are false, and not only false, but very ‘far’ from the truth.
We can derive from (11) some interesting lessons in connection to this problem. In the
first place, the formula entails that, of several theories rightly explaining E, the one
with the highest prior probability (which in this case is equivalent to having a higher
posterior probability) will be most valuable; so, a theory correctly explaining the facts
will be better for a scientist, themore plausible a priori it seems to her. Note that it is the
personal, subjective estimate of the probability of each theory being truewhat counts in
our model; hence, assuming that the scientists working about the problems T is trying
to solve are the best positioned people to judge those probabilities, therewill be nothing
that we philosophers may add to the probability judgments scientists make about this
question. Suppose that T is the only conceived theory successfully explaining E; this
means that p(¬ T,E) will literally be the probability that, according to the particular
scientist whose subjective probability function is given by p, there is some unconceived
theory which is true. To what extent will this be a problem for the acceptability of T
from that scientist’s point of view? It will depend in part on the relative magnitude of
p(T,E) and p(¬ T,E). The philosophers that have criticized scientific realism on the
basis of the ‘pessimistic induction’ argument seem to base their criticism on the idea
that T is ‘very’ probably false, but scientists can indeed think that p(¬ T,E), though
‘high’, is not so high as to preclude the acceptance of T; this will depend, in any case,
on the scientists’ judgments, not on the philosophers’. Furthermore, (11) does not say
anything in principle about how probable it is for a scientist that t is approximately true
(i.e., that the ‘world’ corresponding to proposition W is ‘close’ to the set of worlds
consistent with T): she can accept that p(¬ T,E) is ‘very’ high, but also that, so to say,
p(‘W is close to T’,E) is also high. So, there is nothing in the arguments about the
pessimistic induction and unconceived alternatives that forces scientists to conclude
that the posterior probability of an empirically successful theory is ‘too low’ to make
its acceptance irrational, or impeding to take an empirically successful theory as a
good approximation to the truth. Rather, what follows from my suggested strategy
of deferring to scientists’ judgments of probability regarding the theories they are
working on, is that if they have accepted T on the basis of empirical evidence E, it
is because they estimate that the probability of an ‘unconceived alternative’ totally

21 Actually, as John Norton (2014) has argued, scientists often try to prove their theories from previously
known empirical facts or laws (for example, Newton offered a ‘demonstration’ of the law of gravity taking
Kepler’s laws as premises), but if this were true at face value, it would entail that theories are not falsifiable
(at least, while the empirical laws from which they are mathematically deduced are not rejected), nor can
do more predictions than those derivable by the previous empirical laws alone. I will offer below a different
interpretation of this kind of ‘demonstrative’ arguments by scientists.
22 Stanford (2006).
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different from T being the right solution to that scientific question is not high enough
as to preclude the acceptance of T.

Furthermore, and perhaps more important for our discussion on realism: what for-
mula (11) also allows to see is that, of those theories successfully explaining the
available empirical evidence, scientists will tend to prefer those that have a higher
probability, i.e, a higher probability of being true, and hence, truth must be taken as
one goal of scientists, at least in the sense that it is an element of their epistemic
preferences (the more probable the truth of a theory seems to them, the more likely it
is that they accept it, ceteris paribus). Hence, even in cases where scientists are sceptic
(and hence, anti-realist) about the literal truth of a particular theory because in that
case they judge that p(¬ T, E) is ‘too high’, even if they recognise that T is the best
available theory, they can still be realist in the sense of considering that it would be
good to have a theory whose probability of being true were much higher. Anti-realism
about specific theories is, hence, compatible with realism as a general attitude towards
the aims of science. I will come back to this point in the last subsection.

Second, (11) also let us see that the epistemic value of T given E does not only
depend on T’s probability: it also depends on how unlikely E is. This means that, given
two theories (T and T’) and two different bodies of empirical evidence (E and E’),
such that T correctly explains E, and T’ correctly explains E’, it can be the case that T
is judged better on the light of E than T’ on the light of E’, even if p(T,E) < p(T’,E’)
and p(T) < p(T’). This is reasonable, because in order to explain an increasingly more
and more exhaustive body of empirical evidence, we will tend to need theories that are
stronger and stronger, and hence, more and more improbable a priori. Hence, if E is
very informative, so that p(E) is very low, the verisimilitude of a theory T explaining
E can be ‘very’ high even if both p(T) and p(T,E) are ‘very’ low.

In the third and last place, our formulas allow to calculate something like a minimal
threshold of acceptability for theories: the worst ‘right solution’ we might give to a
scientific problem would be to answer it with a tautology, i.e., with a proposition that
does not assert absolutely anything about the world.23 Since any tautology Taut is
entailed by any body of empirical evidence E, the verisimilitude of the former will be,
according to (12):

(13) Vs(Taut,E) = 1/p(Taut) = 1

Hence, for a theory T that entails the evidence E, having a verisimilitude lower
than 1 will be a sufficient reason to discard it, for a non-answer, like Taut, would
be epistemically preferable to T. According to (11), the condition for T having a
verisimilitude higher than one, if T entails E, is:

(14) Vs(T,E) > 1 iff p(T,E)/p(E) > 1
iff p(T,E) > p(E)
iff p(T) > p(E)2

23 I do not deny that logico-mathematical truths play an important role in scientific argumentation and
discovery, but I don’t think they can be identified with ‘theories’ in any relevant sense, at least when they
are taken in isolation. They are, at most, important elements of theories or research programmes, and above
all, rules or principles for mathematical deduction.
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This result has a nice and straight interpretation: in order to be acceptable, a necessary
(but by nomeans sufficient) condition a theory that successfully explains the empirical
evidence must fulfil is that its own posterior probability must be higher that the prior
probability of the evidence; or, stated differently, we must not accept an explanation
which is so unlikely that, even taking into account the evidence, its truth would be
less probable than the prior probability of having found that evidence.24 According to
this result, scientists would be interested in employing arguments that can show two
things: first, that the empirical facts their theories manage to explain or predict are
very unexpected (i.e., that p(E) is very low, as we saw in Sect. 2.2); and second, that
their theories are relatively plausible (i.e., that p(T), and hence p(T,E) is sufficiently
high). And of course, each researcher can also try to show the opposite in connection
with the theories of her competitors. These judgments of plausibility can take any
form, from quantitative estimations of probability, to mathematical ‘proofs’ of the
theories’ principles from some empirical laws (plus some more or less ‘innocent’
assumptions)25, and also to mere ‘rhetorical’ or ‘philosophical’ arguments trying to
persuade her colleagues of the likelihood or naturalness of some principles.26 In any
case, all these arguments can be interpreted as attempts to establish that it is not very
likely that the researcher’s preferred theory is false, or very far from the truth, even
though some ‘unconceived alternatives’ could still be closer to the truth.

3.3 Why to be an instrumentalist?

From our previous discussion, it seems that the scientists’ (epistemic) utility function
entails that they will necessarily have a realist attitude towards the goal of science:
after all, what they want to prove (if Vs rightly represents their epistemic preferences)
is that the theories they defend are probably true or close to the truth, and that the
theories of their competitors are false or far from the truth. Is it, hence, always irra-
tional for them to have an anti-realist or instrumentalist attitude? And by the way,
what would ‘an instrumentalist attitude’ consist in? A plausible answer to the latter
question is that, if we have identified ‘a realist attitude’ with being concerned for
the (probability of the) truth (or approximate truth) of the competing theories, then
having an instrumentalist attitude would amount to not being concerned by that; i.e.,
one would reveal an instrumentalist attitude towards a theory, model or hypothesis if
one is willing to give it a high epistemic value because it explains or predicts well
the available evidence, even if one acknowledges that its probability of being true or

24 This is a rewording of the idea that extraordinary claims demand extraordinary evidence.
25 This would be my suggested interpretation of Norton’s claim I have referred to above, according to
which scientists often use the empirical evidence to ‘prove’ their theories, and not only to test them.
26 Hence, in connection to our discussion in Sect. 2, it’s not only false that ‘scientific discourse’ is
ontologically or epistemologically dull, so to say, and is in need of a ‘philosophical interpretation’ in order
to derive from it rational answers about what there is, what is true, and how to know it; the case is also that
philosophical arguments can play a role within scientific discourse in order to argue about the plausibility or
naturalness of certain claims. I think this is specially true in the case of scientific revolutions, but of course,
a detailed historical study would be necessary to assess this idea.
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approximately true is extremely low.27 The question is, hence, are there circumstances
where a researcher whose epistemic utility function is represented by Vs would assess
theories in an instrumentalist way? Luckily, it is easy to show that there are.

In the previous subsection I have assumed that the relevant empirical evidence E is
given and fixed, but obviously very often this is not really so. There may be situations
where scientists consider that they already have all the necessary data to decide on the
acceptability of the competing theories, i.e., that it is unlikely that the possible addition
of new empirical findings is going to force them to reverse the judgments they have
made on their theories. However, in many other situations this is not the case, and the
relevant empirical data are just being searched for, or at least awaited or desired. Of
course, this is more common in the first stages of a new research programme (to say
it in a Lakatosian way), or when competition between different programmes is very
strong. In cases like these, scientists will be uncertain about what the future empirical
discoveries will be, and it seems reasonable that theories will not be directly judged
according to a function like Vs, but according to its expected value, i.e., the mean
value Vs(T,X) seems to have, given evidence E, averaging on the possible additions
the available empirical evidence might have in the future. This expected value is easy
to calculate:28

(15) EVs(T,E) =
∑

(w ∈ E)p(w,E)Vs(T,w)
=

∑
(w ∈ E&T)p(w,E)Vs(T,w) +

∑
(w∈ E&¬ T)p(w,E)Vs(T,w)

=
∑

(w ∈ E&T)p(w,E)p(T,w)/p(Tvw) + 0
=

∑
(w ∈ E&T)[p(w)/p(E)][1/p(T)]

= [
∑

(w ∈ E&T)p(w)]/[p(E)p(T)]
= p(E&T)/[p(E)p(T)] = p(E,T)/p(E) = p(T,E)/p(T)

Hence, the estimated value of the empirical verisimilitude of theory T in the light of
the empirical evidence E, is identical to the classical ‘ratio measure of confirmation’
(Horwich 1982). An immediate result deriving from (15) is:

(16) If T and T’ both entail E, then EVs(T,E) = EVs(T’,E) = 1/p(E)

Hence, scientists whose epistemic utility function can be represented by Vs, but that
are still relatively uncertain about how the new empirical evidence will affect the
acceptability of the theories under discussion, will tend not to value these theories
according to how plausible they currently are, but only according to how good their
predictions have been. This result is consistent with Lakatos’ thesis that, in the first
stages of a research programme, scientists only care about confirmations, and not about
falsifications;29 i.e., they don’t discard a programme because of its failure to explain

27 One referee has suggested that an instrumentalist would be someone who does not even assign a
probability to theories. I see no much difference in practice between that and what I am proposing: that not
taking into account the probability of a theory, even if it is very low, would count as having an instrumentalist
attitude. Whether you don’t take probability into account because you think there is a probability but ignore
it, or because you think there is no probability, would lead to the same choices.
28 For simplicity, I will use the expression “w∈E” as an abbreviation of “a point in the logical space
that satisfies E”). “Vs(T,w)” would refer, then, to the empirical verisimilitude T would have if the future
evidence uniquely selects w as the real world.
29 Especially if we consider the sophisticated version of our utility function briefly discussed a few pages
above, i.e., replacing Vs(T,E) with Vs(T,E(T)). Cf. Zamora Bonilla (2002b).
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or anticipate some empirical results, but assess it only in function of its empirical
successes, or, in other terms, they have an instrumentalist attitude towards it. Instead,
once the empirical data are considered stable enough, i.e., not foreseeably changing
the judgements over theories, these will be evaluated according to the actual, not the
expected value ofVs, and hence considerations about the plausible truth of the theories
will become important, or, to state it in a different way, scientists will start to manifest
a realist attitude in their epistemic judgments of those theories. Furthermore, in the
same way as the function Vs may be different for scientists with different subjective
probability functions, it can also be the case that different scientists have different
expectations about the evolution of the empirical data, and hence some tend to apply
Vs or EVs under somehow different circumstances. But again, it is their decision to do
one thing or the other; there is nothing like a ‘philosophical solution’ to the question
of what must they decide.

Lastly, the model presented here has a virtue which is not very common within
philosophy: it allows to make an empirical prediction. For what it claims is that scien-
tists will tend to be more instrumentalist (in the sense of accepting theories even when
recognising that they are probably far from the truth) when they expect big increments
in the availability of empirical data, andmore realist (in the sense of evaluating theories
by giving a bigger weight to considerations of plausibility) when they do not expect
such increments (other arguments justifying why it is Vs or EVsmore reasonably used
will produce their own empirical predictions). From my own point of view, Lakatos’
mentioned discussion about the different ways of judging research programmes when
they are ‘young’ or when they are ‘mature’ would count as a (very) provisional con-
firmation of my prediction, but I invite historians, sociologists and philosophers of
science to test it more thoroughly against real data. 30
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JESÚS P. ZAMORA BONILLA

MEANING AND TESTABILITY IN THE STRUCTURALIST
THEORY OF SCIENCE

ABSTRACT. The connection between scientific knowledge and our empirical access to
reality is not well explained within the structuralist approach to scientific theories. I argue
that this is due to the use of a semantics not rich enough from the philosophical point
of view. My proposal is to employ Sellars–Brandom’s inferential semantics to under-
stand how can scientific terms have empirical content, and Hintikka’s game-theoretical
semantics to analyse how can theories be empirically tested. The main conclusions are
that scientific concepts gain their meaning through ‘basic theories’ grounded on ‘common
sense’, and that scientific method usually allows the pragmatic verification and falsification
of scientific theories.

1. INTRODUCTION

Structuralism is probably the best account we have of the nature of sci-
entific theories. Concepts such as ‘T -theoreticity’, ‘intended application’,
‘empirical assertion’, ‘theory net’, or ‘theoretical link’ have provided very
deep insights on the structure of scientific knowledge, and can be coun-
ted amongst the most significant recent contributions to the philosophical
study of science. Nevertheless, it is disappointing how little has structur-
alism to offer in order to illuminate one of the most important topics in
contemporary epistemology: the problem of the empirical testing of sci-
entific theories. Sneed’s original analysis of theoreticity in The Logical
Structure of Mathematical Physics was a very promising beginning, for
it made it clear how was it possible to express the (empirical) assertion
of a theory containing theoretical terms as an assertion just about sys-
tems whose description contained none of them; the empirical test of a
theory would require, hence, only the measuring of its non-theoretical
quantities, the values of its theoretical ones being determined afterwards
by ‘internal’ means. The problem was that, if all scientific terms are ‘the-
ory laden’, these non-theoretical concepts would presuppose other, ‘more
fundamental’ theories, and this seemed to lead, either to an infinite regress,
or to some kind of circularity, or to the existence of ‘bed rock’ theories
(i.e., those containing no concept which is theoretical with respect to a still

Erkenntnis 59: 47–76, 2003.
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more fundamental theory). The first of these three possibilities is easily
discarded since the number of actual scientific theories is always finite.
Balzer, Moulines and Sneed (from now on, BMS) rejected also the last
one in the last chapter of An Architectonic for Science, arguing that if bed
rock theories did not have non-theoretical terms, then their ‘partial models’
would be systems with domains but without relations nor functions, and
this would make their ‘empirical assertions’ vacuous or arbitrary. As a
result, these authors opted for admitting the possible existence of ‘loops’
in the ‘ordering’ of theories by the presupposition relation, something
rather appealing from the point of view of a coherentist epistemology, but
which also tended to make it more obscure the connection of scientific
constructions with our perceptual experience.

Two different but related problems can be pointed out. In the first
place, BMS’s coherentism leaves unexplained what it is for a scientific
concept (or, by the way, for a scientific theory) to have ‘empirical content’.
Structuralist definitions of T -theoreticity explained clearly what is it, for a
concept, to be dependent on a particular theory, but, if the normal case
in science is that theories constitute ‘holons’ with no first elements in
the relation of presupposition, it is not clear how to make a distinction
between those ‘theory holons’ which are ‘empirical’ in some sense or
another, and those abstract theoretical systems which ‘float’ without any
connection whatsoever with our empirical access to reality. In the second
place, from the structuralist analysis of the ‘empirical assertion of a sci-
entific theory’ (with or without ‘loops’) one would expect to find some
indications about what could a scientist do in order to decide whether
that theory is or is not acceptable on empirical grounds, or whether it
is more acceptable than other rival theories. Truly enough, BMS assert
that “the aim of [our] conceptual framework is not to attack the unsolved
problems of confirmation theory”,1 but one does not see any reason to
be so unambitious once that conceptual framework has proved to be so
powerful when applied to other philosophical problems. Some attempts of
enriching the structuralist approach with a methodological flank have been
made before, particularly with the help of the theory of verisimilitude,2 but
I will now try a more empiricist strategy, since the general aim of this paper
is to illuminate the connection between abstract scientific theories and our
perceptual experience.

An underlying hypothesis in this paper is that the difficulties indicated
above are essentially due to the use of a too ‘extensionalist’ semantics
(model theory), which has been very helpful for analysing structural fea-
tures of theories, but much less so for illuminating the pragmatics of
empirical concept formation and theory assessment. Without departing



MEANING AND TESTABILITY 49

from a semantic approach to scientific theories, this paper suggests to
complement the use of more classical formal tools with other semantic
insights. In particular, I will make use of Wilfried Sellars’ and Robert
Brandom’s semantic inferentialism, and of Jaakko Hintikka’s game the-
oretical semantics. As it will become clear, I think that the main virtue of
these approaches is that they transparently show the connection between
the semantic and the pragmatic aspects of our representations of the
world, something model theory tends to make abstraction of. Inferential-
ism will be used to throw light on the first problem stated in the previous
paragraph: what does it mean for a scientific concept to be ‘empirical’?
Hintikka’s approach will be used, instead, to offer a tentative answer to the
second problem: what can researchers do in order to decide whether the
‘empirical assertion’ of a theory is acceptable or not?

2. OBSERVARTIONAL CONCEPTS: AN INFERENTIALIST APPROACH

2.1. In Defence of ‘Bed Rock’ Theories

Structuralist theory of science offered a new way of looking at the problem
of theoreticity. According to Sneed and his followers, the ‘theoretical’ does
not oppose to the ‘observational’, for it always means ‘theoretical-with-
respect-to-a-particular-theory’, and hence, the right contrast is between
‘T -theoretical’ versus ‘T -non-theoretical’, where ‘T ’ stands for a specific
theory. Given the widespread acceptance of the ‘theory-ladenness of ob-
servation’, Sneed’s analysis may have led to conclude that the very idea of
an ‘observational’ term is vacuous, or at least, irrelevant for the philosoph-
ical study of empirical sciences. In structuralism, the empirical entered the
content of theories through their intended applications, rather than through
observational concepts; but these applications had to be described using
some conceptual structure, which presupposes other, more ‘basic’ theories,
which had their own intended applications, which presuppose other theo-
ries, and so on. As I said before, BMS rejected the existence of bed rock
theories (those theories which do not presuppose still more basic ones)
by arguing that, for a theory to have a non vacuous empirical assertion,
its intended applications must be described with the help of relations and
functions which are non-theoretical with respect to that theory; but the
terms of a bed rock theory B can not be theoretical with respect to other
theories (for in that case, the former would not be ‘bed rock’), and hence,
they have to be theoretical with respect to B (assuming that all concepts
are ‘theory laden’, and, by the sake of the argument, that the presupposi-
tion relation is antisymmetric); as a result, there will be no concepts that
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can empirically describe B’s intended applications,3 and so, B could not
have an empirical content. BMS concluded, then, that the only way of
warranting that scientific theories make non trivial empirical assertions is
by allowing the relation of presupposition among theories being symmetric
in some cases: the empirical assertion of a theory T would employ terms
which depend on T ′, whereas the intended applications of T ′ are described
with terms which are proper of T .

This is perhaps a reasonable story when we interpret it as an explanation
about the meaning of scientific terms. So understood, it would exemplify a
kind of semantic holism, according to which one needs to understand many
concepts in order to understand any concept; I have nothing to oppose to
this interpretation, since I will defend here a different species of semantic
holism. But we have not to forget that the notion of a theory’s ‘empir-
ical assertion’ is not only necessary for explaining the theory’s conceptual
structure, but also for explaining the possibility of testing the theory. When
we take this into account, BMS’s argument transmogrifies into a dangerous
circularity: in order to test T , we have to describe its intended applications
with concepts which presuppose the validity of T ′, but we can not test
whether T ′ is valid if we have not described its own applications with
the help of concepts which presuppose the validity of T . So, in the or-
der of testing (while probably not in the order of meaning), the relation
of presupposition can not be symmetric in general, if we want empirical
testing to be possible. We can turn BMS’s argument on its head and assert
that, since the empirical testing of scientific theories demands that there
are some loop-free ways, some bed rock theories must exist. The rest of
this section is devoted to show that this conclusion is coherent both with
the structuralist analysis of theoretical terms and with the thesis that all
empirical knowledge is essentially conjectural.

2.2. Two Structuralist Approaches to Theoreticity

In the past section I have used the notion of ‘T -theoreticity’ in a very
informal way. Actually, one of the main tasks of structuralists has been
to explicate what does it mean exactly for a concept to ‘presuppose’ or
to ‘belong essentially’ to a specific theory. Basically, two different ap-
proaches have been followed. Sneed’s original account offered a pragmatic
criterion of theoreticity (a concept is theoretical with respect to T if any
actually employed determination procedure of that concept presupposes
that some real physical systems are actually models of T ); this approach
was followed by Stegmüller and Moulines.4 On the other hand, several
authors, mainly Gähde and Balzer, proposed purely formal definitions of
theoreticity, which in principle would only require to examine the theory’s
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set-theoretical predicate (and basically its mathematical invariances) to
decide which of their concepts essentially depend on the equations occur-
ring in that predicate.5 Both approaches seem to have some good reasons
behind, and both have been subjected to several criticisms. For example,
Balzer has argued against Sneed’s approach that, in practice, we usually
cannot examine all existing measurement procedures of a magnitude in or-
der to decide whether it is T -theoretical or not, and also that the application
of Sneed’s criterion to those cases where all the terms of a theory are T -
theoretical would make its empirical claim vacuous.6 On the other hand,
formal criteria are not easily applicable to theories outside fundamental
physics (where mathematical invariances do not play a clear role), and
they lead to some weird conclusions: for example, Gähde’s approach may
induce different partitions between theoretical and non-theoretical terms
within a single theory, whereas Balzer’s definition allows for a concept
being theoretical with respect to more than one theory.

In spite of their differences, the two approaches are not really conflict-
ing, at least in the sense that they are not mutually contradictory, although
they are not equivalent either, for they do not always generate the same
distinction between theoretical and non-theoretical terms.7 Rather, they
simply offer two different ways of explicating the notion of ‘a scientific
concept being “dependent” on a particular theory’, and the differences
between all the proposed criteria would then be due to the polisemy of
the word ‘dependence’. But not all possible specifications of that concept
are necessarily on a par from the philosophical point of view. A definition
of theoreticity will be more or less interesting depending on whether, in the
first place, the existence of real scientific concepts satisfying that definition
leads to serious epistemological or methodological problems, and in the
second place, if the definition shows some fruitful strategies for solving
those problems. Otherwise, devising a new definition of theoreticity would
just be like ‘having a solution in search of a problem’. From the point
of view adopted in this paper, the fundamental epistemological question
about theoreticity is how the presence of T -theoretical terms in a theory
makes it more difficult its empirical testing, and I think that, in spite of its
possible shortcomings, Sneed’s criterion of theoreticity is the one which
best captures the specific dependence relation between concepts and the-
ories which makes theory testing problematic. Other types of dependence
between a concept and a theory can be proposed and explicated, but it is
not clear for me how they can help us in solving this epistemic problem,
although I do not prejudge the usefulness those criteria may have for solv-
ing other meta-scientific problems (for example, problems regarding the
role of invariances in physical theories).
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In particular, purely formal criteria can hardly be employed to illu-
minate the relation which links scientific concepts to observation, i.e., to
explain what makes of a concept an empirical one: imagine a theoretical
system which is isomorphic to a real scientific theory (say, classical mech-
anics), but whose ‘intended applications’ were composed out of angels
(instead of ‘particles’), and of a three dimensional function describing
three imaginary properties angels may have (instead of ‘position’). Any
conclusions the formal criteria of theoreticity allowed to draw about the
non-theoretical character of this strange ‘position’ function (with respect
to our imaginary ‘angel mechanics’ theory) would indicate absolutely
nothing about the empirical or non-empirical character of it. The Snee-
dian approach is more promising, at least because the existence of certain
measurement procedures for that function is relevant to determine with
respect to what theories it can be theoretical or non-theoretical, and also
to determine whether it is a function with empirical content or not.

The methodological problem of theoreticity relates to our ability to
justify non-tautological assertions containing T -theoretical terms. For ex-
ample, if mass is theoretical with respect to classical mechanics in the
Sneedian sense, how can we reasonably know that the mass of a given
car is, say, about 2,000 kilograms? All we have is a series of apparat-
uses (for example, a weigh-bridge) which produce, probably after some
calculation, some numerical readings depending on the objects to which
they are applied. But how do we know that the resulting numbers can
be interpreted as masses? Only because we know that those apparatuses
behave according to some laws of classical mechanics. But we can only
know this after actually measuring some masses and forces. Sneed showed
that, in order to avoid a circularity here, it was necessary to interpret the
assertion of a scientific theory as a global claim about a set of physical
systems (‘partial models’) which can be described without using the con-
cepts dependent on that theory (for example, in the classical mechanics
its intended applications would be purely cinematic systems); this claim
is what is called the ‘Ramsey-Sneed sentence’ of a theory, which is the
assertion that there are some theoretical functions which added to the
theory’s intended application, produce some abstract systems which are
actually models of the theory (see Section 3 below). The precise form this
sentence must have in the logical reconstruction of a scientific theory has
been elaborated in detail by structuralists, in parallel with the discussions
about theoreticity (for these discussions essentially related to the nature
of ‘partial models’, those, according to Sneed, not containing theoretical
concepts), and it demanded the elucidation of concepts such as ‘theory-net’
and ‘theoretical link’.8 Nevertheless, I will not use here all those formal
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complications, for my aim here is limited to the following problem: how
can we reconcile the thesis that some (and probably all) scientific concepts
‘depend’ upon some theory (in more or less the Sneedian sense) with the
idea that most scientific concepts are directly or indirectly connected to
human experience?

Although Sneed’s theoreticity criterion has been criticised for being too
‘pragmatic’ (cf. note 6), my strategy in the remainder of this section will
be to argue that, in order to solve the problem just mentioned, we need
to develop a still more ‘pragmatic’ version of that criterion. As we have
seen at the beginning of the past paragraph, one virtue of the Sneedian ap-
proach is that it clearly shows that the problem of theoreticity is not a mere
philosophical invention, but a real difficulty existing in scientific practice.
Our question is whether the definitions offered within this approach are
useful enough for illuminating the connection between scientific concepts
and human experience (for purely formal approaches are not very help-
ful – recall the ‘angel mechanics’ example). In the next subsection I will
comment on Balzer’s criticisms to Sneed-like definitions of theoreticity,
and I will also point to some additional difficulties. The remaining part of
this section will be devoted to show how can inferential semantics help in
solving these shortcomings.

2.3. Why the Pragmatic Criterion of Theoreticity Is Not Pragmatic
Enough.

BMS present the following ‘naïve’ definition of theoreticity (p. 50):

(1) a concept (. . . ) will be called theoretical with respect to theory
T if all methods of measurement involved in its determination
have to be conceived as models of T .

The ‘informal’ or ‘pragmatic’ criterion of theoreticity which BMS offer
as a reconstruction of that naive definition is the following (p. 68):

(2) “t is T -theoretical iff (. . . ) for all x: if x is an adequate
t-determining model (. . . ) then x (is a model of T )”,

where x is a t-determining model if it satisfies a scientific formula which
makes that, given the values of the other functions in x, the values of
t are uniquely determined, and it is an adequate t-determining model
if that formula is actually employed in scientific practice. So, what (2)
basically adds to (1) is a clearer description of what a ‘method of meas-
urement/determination’ is. As I stated in the previous subsection, the
most important methodological problem regarding Sneed’s criterion is not
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whether it is an ‘adequate’ definition of theoreticity (i.e., whether it fits
or not somebody’s ‘intuitions’ about what theoreticity is), but whether im-
portant scientific concepts actually satisfy it or not (for, if they do, then
the empirical testing of some theories will be problematic). Obviously,
the question is to determine if there are concepts which are T -theoretical
according to (2). As we saw, the main difficulty for doing this is that the
set of existing measuring methods for a given magnitude can be very large,
and even not well defined (for example, there can be some procedures
which are only used to measure some other magnitudes, but which could
be employed to determine the values of the first one in an indirect way;
should we take into account these methods, even if scientists do not ac-
tually use them?). The set of measurement procedures can also change,
making that a T -theoretical concept ceases to be so, or viceversa; hence,
the criterion seems to require a temporal index attached to it. As we have
seen, Balzer and others have tried to solve this problem by eliminating
all the ‘pragmatic’ aspects of the naive criterion of theoreticity. I assume,
instead, that these aspects are necessary in order to understand what makes
of a scientific concept an empirical one.

Balzer has also pointed out some other difficulties with the application
of Sneed’s criterion.9 In the first place, it can be very complex due to the
sophisticated mathematical form of some theories. In the second place,
for theories whose terms are all T -theoretical, the criterion makes T ’s
empirical claim almost vacuous. And in the third place, for theories whose
terms are all non-T -theoretical, the testing of their empirical claims would
demand the determination of the full range of all their functions. From
my point of view, the first problem is not solved by moving to a purely
formal criterion, for the application of this can be as difficult as that of
Sneed’s; instead, we will see that a more pragmatic criterion partly avoids
the difficulties which are due to the formal complexity of the theories. With
respect to the second point, I agree with Balzer that part of the problem
is due to collapsing the T -theoretical/T -non-theoretical distinction with
that between ‘potential’ and ‘partial’ models, and I will actually follow
Balzer’s approach to interpret the empirical assertion of theories which
only contain theoretical terms (as it is the case for the ‘basic theories’ I
will present below). Lastly, the third problem seems to have nothing to do
with the possibility that every term in a theory is non-theoretical: even if
only some of its terms are theoretical, the theory’s claim will be about a
set of structures with perhaps some infinite domains. I think this problem
refers instead to the question whether the intended applications of a theory
(the things the theory talks about) have to be taken as finite data structures,
or as (usually infinite) real physical systems whose properties are tested
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by means of finite data models. We will see in Section 3 that in practice,
researchers test scientific theories by making claims about types of empir-
ical applications, which usually contain an infinite number of individual
models; but if there is a problem here, it has to do with the possibility of
induction, not with theoreticity.

On the other hand, the pragmatic criterion (2) was an attempt to
partially ‘de-pragmatise’ (1), not only by clearly determining what a
‘measurement procedure’ is, but also by substituting in (1) the expression
“if all methods of measurement (. . . ) have to be conceived as models of
T ” for the expression “if all methods of measurement (. . . ) are models
of T ”. My strategy will be, instead, to interpret ‘have to be conceived’ in
a more pragmatic way. This is in part due to other two difficulties with
(2): in the first place, if we take into account that (as Popper suggested)
probably no interesting scientific theory is literally true, then it will turn out
that no existing method of determination of any concept will be an actual
model of any relevant theory; in a more general way, no scientific concept
could ever be theoretical with respect to a false theory (one whose intended
applications cannot be appropriately expanded to actual models).10

In the second place, if we take (2) as asserting that the accepted descrip-
tions of the real t-determining methods satisfy a formula A which makes
them to be models of T (if the formula were true, which is perhaps the
case only to a degree of approximation), then, these descriptions will also
satisfy any logical consequence of T ; for example, they will satisfy any
tautological proposition (Taut). Will t have to be taken as Taut-theoretical
as well as T -theoretical? On the other hand, the accepted descriptions of
those determination procedures will probably entail more than just the
axioms of T ; let T ∗ be the conjunction of all the propositions which are
accepted about these procedures (including, for example, the proposition
that the measurement of t – if it stands for a magnitude – has always a
margin of error bigger than e, where e is the minimum margin of error of
all the existing measurement processes, or a very small fraction thereof).
According to this reading of (2), f should also be taken as T ∗-theoretical;
in fact, t would be theoretical with respect of any proposition S lying
‘between’ Taut and T ∗ (in the order of increasing logical content), even
if some of these S’s stand in no logical connection with T . The question is,
hence, why should T have some special epistemic or semantic ‘privilege’
over these other propositions? In the next sections I will argue that reading
Sneed’s criterion through the light of semantic inferentialism allows to give
a natural answer to this question, an answer which, I guess, was already
contained (more or less implicitly) in that criterion.



56 JESÚS P. ZAMORA BONILLA

2.4. An Inferentialist Definition of Theoreticity

According to semantic inferentialism,11 understanding the meaning of an
expression amounts to being able of offering reasons which (would) justify
the acceptance of the sentences where this expression occurs, as well as of
drawing appropriate conclusions from those sentences. Stated differently,
understanding an expression amounts to mastering its role ‘in the game of
giving and asking for reasons’, to use Wilfried Sellars’ metaphor. Concepts
are identified, hence, by their inferential role, by the ‘right’ inferences they
allow to make. Robert Brandom has recently developed this idea, insisting
in its pragmatic and normative aspects (e.g., those lying behind the no-
tion of ‘right’ inference). I will not attempt to offer here a summary of
Brandom’s impressive work, whose full application to the philosophy of
science would demand much more work; my aim is simply to explain how
it allows to understand what does it mean for a scientific concept to be
‘empirical’.

According to Brandom’s approach, making an assertion (as opposed
to merely producing a series of noises, for example) amounts to allowing
other speakers to attribute to you a commitment to some consequences of
that assertion (these ‘consequences’ may be other assertions, or they may
be actions), as well as a commitment to providing reasons that serve to
justify your assertion. Only if one fulfils these commitments (or otherwise
manifests his acceptance of them) will he be entitled to that assertion;
Brandom’s theory demands that certain entitlements are gained ‘by de-
fault’, i.e., depending on the circumstances, you will be entitled to certain
assertions unless this entitlement is appropriately challenged by others.
The links between an assertion and its possible reasons, and between it an
its possible consequences, are determined by the set of materially correct
inferences which are accepted by the members of the relevant community.
For example, you will be entitled to assert that ‘city X is to the north of city
Y’ only if you provide a reason when you are asked for it (for example,
showing it on a map), and only if you also show that you accept that ‘city Y
is to the south of city X’ when asked about it. The ‘inference’ from seeing
something on a map to expressing it, and the inference from ‘A is to the
north of B’ to ‘B is to the north of A’ are ‘materially correct’ in the sense
that they are accepted as right moves in the linguistic game the speakers
are playing.12

My suggestion is that (to employ Brandom’s jargon) we can try to
make it explicit the normative aspects which are implicit in (1) and (2).
The basic idea is to interpret the expression ‘have to be conceived’ in (1)
as referring to a linguistic norm, i. e., to an obligation established by a
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scientific community about the use of a particular concept. The criterion
would state thus something like the following:

(3) t is T -theoretical iff: (a) if you are using t in a system x, and
if you do not take x to be a model of T (either explicitly or
implicitly), then you will be sanctioned for not understanding
‘correctly’ the meaning of t ; and (b) T is the strongest theory
for which (a) is true.

After explaining how (3) solves the problems indicated in the past sec-
tion, I have to justify why it can be taken as an ‘inferentialist’ criterion. The
reason is not only that it refers to the normative attitudes associated to the
language game one is playing when using the term t ; the fundamental point
is that, in order to publicly show that you master the use of that term, you
have to draw the ‘appropriate’ inferences from its use in the description
of system x, and these inferences are just the ones which are commanded
or allowed by theory T (they can either be inferences from one part of x

to another part – due to x being a model of T , – or from x to another
structure – due to x belonging to a set which satisfies T ’s constraints
and links13). Furthermore, T may contain both ‘analytic’ statements and
‘factual’ propositions. We know from Quine that no clear division can be
made between both types; according to Brandom, the difference which is
important is the one between those inferences that you must commit to, and
those that you do not need to make. In particular, T can usually contain
empirical regularities. For example, in the case of colour terms, if you
assert that something is red, and also recognise implicitly or explicitly that
it is green, the other speakers may conclude that you have not understood
properly the use of colour terms. So, until you have not learned things
like ‘if one spot is red, it is not blue’, or ‘if you see two things with the
same colour, nobody will see them with different colours’, you will not
be really entitled to commit to assertions which employ colour terms. All
this entails two important things; in the first place, you have to learn some
empirical regularities in order to become a player of any language game;
in the second place, these regularities must be ‘public’, in order that all the
players accept the same rules. Unless there is a set of regularities on which
the speakers of a language can rest to establish what are the inferential
connections between some assertions and others, the game of language
can not even begin.14 On the other hand, since the essential element in (3)
are the social obligations which lie behind the use of a term, it is clear
that not all of these obligations will have the same force; this makes it still
more difficult to draw any clear distinction between ‘analytic’ and ‘factual’
propositions.
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With respect to the problems indicated about definition (2), in the first
place (3) does not demand to inspect all t-determining methods prior to
deciding whether t is T -theoretical or not, for what is relevant is to notice
the normative attitude of a scientific community towards the use of t ; this
attitude must be fully accessible to the community members, for they learn
it by learning to use the language game associated to T ; thus, discovering
that attitude will not be more difficult for the meta-scientist than discov-
ering any other aspect of the scientific community he is studying. On the
other hand, (3) needs to make no reference to special sets of models, such
as ‘measuring procedures’ or ‘t-determining models’, for a misunderstand-
ing on the ‘right’ meaning of t can appear while one is using any potential
model of the theory.

Second, the complexity of a theory is not an obstacle to knowing what
of its terms are theoretical (save for the difficulty of learning the theory
in the first place), although it may make it very difficult the logical re-
construction of the theory and its claim. But determining whether a term
is T -theoretical – according to (3) – is something you can perfectly do
once you become a ‘native speaker’ of the relevant scientific community’s
language, and before engaging in any structuralist reconstruction.

Third, some terms can be theoretical with respect to false theories,
if these theories are needed to derive consequences from propositions
containing those terms. The only difference with the terms which are the-
oretical with respect to valid theories is that the former will mostly lead to
counterfactual consequences.

Lastly, t is T -theoretical (and not with respect to other theories, either
logically stronger or logically weaker than T ) just because of condition
(3.b): if t is T -theoretical, then T is the strongest theory you have to accept
in order to be entitled to use the concept t in the description of a physical
system.

In a nutshell: the theoreticity of a concept points to the rules of the
linguistic game associated to that concept. From this it follows very clearly
that every concept will be theoretical with respect to some theory, namely,
the theory that resumes all the inferential links to which that concept is
normatively attached within a linguistic community. Our next question is
how does all this help us with the problems about the empirical content of
scientific theories.

2.5. Basic Theories and Observational Terms

I will now defend that our inferentialist criterion of theoreticity allows to
introduce a natural definition of the idea of an observational concept. In
order to do that, I still need to introduce a couple of notions, one of them
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formal, the other epistemic. The first notion is Balzer’s idea15 of defining
the expansion of a set-theoretic structure s = 〈D,R1, . . . , Rn〉, not only
as the addition of further relations Rn+1, . . . , but also as the inclusion of
new elements, either into the model’s domain, or into its relations. Hence,
s′ is an expansion of s if and only if s′ = 〈D′, R′

1, . . . , R
′
n〉, D ⊆ D, and

for all i (1 ≤ i ≤ n), Ri ⊆ R′
i;

16 this is equivalent to saying that s is a
substructure of s′. According to Sneed, instead, s′ is an extension of s if
and only if for some m < n, Ri = R′

i if i ≤ m, and Ri = ∅ if i > m, i.e.,
if s′ simply adds ‘new’ relations to those of s.

The epistemic notion I need to introduce is that of a ‘perceptual sce-
nario’, which is a state of affairs where the players of a linguistic game
accept that the inference from some perceptions to the making of a certain
assertion is appropriate.17 Obviously, this appropriateness can be revised
for particular cases if some inconsistencies are found in the assertions and
commitments made by one or several players. Furthermore, the rules defin-
ing which perceptual inferences are right can be eventually changed. But
it is nevertheless essential to note that a notion like that of a ‘perceptual
scenario’ is necessary in order to give experience a chance of playing some
role in a linguistic game.

With the help of these concepts, we can introduce the following
definitions:

(4) T is a basic theory iff all relations in the models of T are T -
theoretical according to (3).

(5) T is an observational basic theory iff it is a basic theory, and
the relations of its intended applications are filled in through the
working of some perceptual scenarios.

(6) If R is a relation within an observational basic theory, then R

is an observational concept. If R can be explicitly defined by
means of other observational concepts, it is also an observa-
tional concept. Nothing is an observational concept save those
relations fulfilling one of the former conditions.

(7) T is an empirical theory iff, when it is conjoined with some
observational basic theories, the resulting empirical claim of all
these theories is stricter than the content of the observational
basic theories alone.

Basic theories are, hence, those ones whose concepts do not presuppose
any other theory. The ‘claim’ of a basic theory is the assertion that its
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intended applications can be expanded (in Balzer’s sense, not in Sneed’s)
into full models; this simply means that, in order to decide whether a given
item (for example, ‘a is warmer than b’) can be introduced into a relation
of an intended application, one has to justify first that one knows what that
item ‘means’, and this entails that one has to accept all the consequences
that follow from the assumption that this application fulfils all the axioms
of the theory (for example, that the relation of ‘being warmer than’ is
transitive). If expressed only in epistemic terms, this has the appearance
of a dangerous circularity: one only knows that something is warmer than
something ‘after’ knowing that the relation of ‘being warmer than’ is
transitive for everything; but this would just be to miss the point of the
past section, for what is relevant here are the pragmatic, language-game
aspects of theoreticity: one is only allowed to use a concept to represent a
perception of him, if one masters the inferential practices associated with
that concept. Obviously, this inferential practices are grounded (though not
infallibly) upon some publicly perceived regularities, which depend also
on our perceptual capabilities; but having these capabilities is not sufficient
for mastering those practices nor for understanding empirical concepts: for
example, although my ears work rather well, I am not able at all of arguing
about the relations between different musical tones, until I learn some sol-
fa and harmony. We must also take into account that the capability of
perceiving regularities in our environment and of acting according to them
dates from hundreds of million years ago, although the ability of reasoning
about them is much more recent in evolutionary terms.

According to (5), an observational basic theory is simply a basic theory
whose intended applications are given through some perceptual scenarios;
these applications are just ‘data models’, but formed by data of the most
primitive kind. There can be ‘basic theories’ which are not observational;
for example, I think that (at least some) mathematical theories can be of
this type, and probably some speculative, theological or metaphysic theor-
ies can also be ‘basic’ in our sense; but I prefer not to discuss these points
here, since our current concern are empirical theories. (6) recursively
defines observational terms simply as those belonging to an observational
theory, or those that can be explicitly defined through them; conversely,
non-observational concepts are those whose associated inferential patterns
(the axioms of the theories to which they essentially belong) can not be
reduced to the items of perceptual scenarios, i.e., those concepts which
have ‘extra content’. Lastly, (7) defines empirical theories as those which
add something to the empirical claim of some observational basic theories,
i.e., those which allow to make more empirical predictions than observa-
tional theories alone. It is likely that many ‘isolated’ non-basic theories
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are not empirical in this sense, but only become so when joined to other
non-basic theories. For example, the core element of classical particle
mechanics (Newton’s second law) may have no empirical content, but
some big portions of its theory net may have it. Note that most (non merely
logico-mathematical) concepts in scientific theories can be conceived as
empirical, though they are not observational.

2.6. The Fallibility and Reality of Basic Theories

Some post-Kuhnian readers may have found the previous paragraph un-
bearably positivistic, and in a sense it is intended as a restatement of
some positivist insights about the empirical basis of scientific knowledge,
particularly the conception that scientific knowledge has to be based on
‘neutral’ observations. Obviously, positivism was strongly criticised from
philosophical, sociological and historical quarters, and I need take into
account these criticisms in order to defend the notion of ‘basic theories’
presented above. Two critical questions are especially relevant:

(a) One of the few things known from certain about science after post-
positivist epistemology is that no knowledge claim is unrevisable; so,
are observational basic theories fallible?

(b) Another common point of the new philosophy of science is that philo-
sophical constructions have to be grounded on the real working of
science; so, can we argue that observational theories exist, and that
they have the appropriate connection with real scientific practice?

With respect to the fallibility problem, I think it is enough to put a
historical example. Thousands of years ago, people could take as (part of)
an observational basic theory the assumption that ‘x is to the west of y’
(Wxy) was an asymmetric, antireflexive relation (i.e., Wab entailed ¬Wba,
and for all a, we would have ¬Waa). A person who asserted that ‘there
is a place who is to the west of us, and we are to the west of it’ would
have been taken as not having properly understood the meaning of ‘west’
(or who was simply joking). But, obviously, when it became known that
the Earth is round, this assumption proved to be wrong. So, observational
basic theories can be empirically refuted, and this can be done by showing
that the inferences they command to make lead to contradictions. When
a basic theory is refuted, it is usually because these inferences were valid
for a limited empirical context, and they had been unadvertedly extended
to other contexts where they ceased to be valid. In our example, the prim-
itive concept of ‘west’ was valid for small regions, but not in the context
of the full planet. It is also clear that there can be alternative, mutually
contradictory observational basic theories, for example in different speech
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communities. When this is the case, some philosophers might conclude
that a ‘neutral’ observational basis is impossible, but this conclusion de-
pends essentially on the assumption that observational basic theories are
uneliminable, or eliminable only by convention. Rather on the contrary:
when different speech communities have different basic theories, they can
work together in order to look for the sources of their disagreements, and
this research may lead to discover what assumptions were flawed. The fact
that the different observational basic theories of a single community may
be mutually contradictory shows that this contradiction has not to be con-
fused with some type of cognitive incommensurability. The ‘neutrality’ of
observation means simply that there is an objective way of criticising basic
theories: looking whether they lead us to admit some contradictions.18

With respect to the second question, structuralists tend to criticise the
notion of a bed rock theory on the basis (among other things) of their
non existence as scientific theories, i.e., as theories formally presented in
textbooks, taught in university classrooms, and so on. After all, one of
the virtues of structuralism is its being developed as an empirical theory
of science, whose object of study are actual scientific theories, and not
just abstract philosophical constructions. Nonetheless, observational basic
theories can not be expected to be ‘scientific’ in the sense in which clas-
sical mechanics or plate tectonics are; instead, they are usually networks
of assumptions belonging to our use of ordinary language, fragments of
‘common sense’, and so they are ‘pre-scientific’. The identification of
specific basic theories is a job, hence, for the philosophers of (ordinary)
language, rather than for philosophers of science, although strong collab-
oration is needed in order to understand the specific uses scientists do of
common sense concepts.

Scientists are able of using observational concepts (as these have been
defined above) not only because they have passed a specific training as
scientists, but mainly because they are normal people whose mother tongue
is tuned to their natural perceptual capabilities. As practising scientists,
they must also learn to understand and perceive things in radically different
ways, but this would be impossible if they had to disregard all their natural
language and background common sense assumptions. It would be absurd
to pretend that the full building of scientific knowledge were completely
self-contained, in the sense that research had to be carried out completely in
the language of ‘scientific’ theories, including the descriptions of all labor-
atory operations or field observations. This was perhaps a positivist dream,
which all studies in the history and sociology of scientific practice help
us to disconfirm. So, my notion of ‘observational basic theories’ attempts
to capture the unavoidable connection between scientific concepts (those
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which are theoretical with respect to some ‘scientific’ theory) and ordinary
linguistic practices. If this notion is right, scientific knowledge is built on
common sense, although the former can serve to correct the latter when it
proves that some common sense assumptions may lead to contradictions,
as we have seen in the previous paragraph.

3. SEMANTIC GAMES AND RESEARCH GAMES

3.1. Semantic Games for Ramsey–Sneed Sentences

In this section, Jaakko Hintikka’s game theoretical semantics will be put
in use to illuminate the process of theory testing.19 According to this ap-
proach, a semantic game for a proposition is a game played between two
players (V , the verifier, and F , the falsifier) who try to find out, respec-
tively, an example or a counterexample of that proposition. The proposition
will be true if V has a winning strategy for the game, i.e., a way of playing
the game which assures her victory independently of the moves made by
F ; and conversely, it will be false if F has a winning strategy. The structure
of the game is inspired in that of semantic tableaux, and consists of the
following rules:

(a) if P is an atomic proposition, V wins if P is true and F wins if it is
false;

(b) if P has the form Q ∨ R, V chooses either Q or R, and the game
continues with respect to that proposition;

(c) if P has the form Q&R, F chooses either Q or R, and the game
continues with respect to that proposition;

(d) if P has the form ¬Q, the game continues with respect to Q, but
changing the roles of V and F ;

(e) if P has the form ∀xQx, V chooses some object a and the game is
continued with respect to the proposition Qa;

(f) if P has the form ∃xQx, F chooses some object a and the game is
continued with respect to the proposition Qa.

Game theoretical semantics was mainly developed to analyse several
aspects of natural languages which were difficult to explain with other
formal semantic tools; in fact, the ‘players’ are only abstract constructions
which do not represent actual beings, and, as far as I know, the theory has
not been systematically used as a means to analyse scientific method, in
spite of Hintikka’s other works on this subject.20 Nevertheless, Hintikka’s
idea of connecting the semantic analysis of propositions with the activity
of searching for certain objects allows to think that it might be possible to
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reach some relevant conclusions about the testability of scientific theories
through a game theoretical analysis of them. In particular, my proposal
is simply to deploy the game associated to the ‘empirical claim’ of a
theory (its ‘Ramsey–Sneed sentence’, in structuralist terms), and look for
interesting consequences thereof.

There are several versions of the ‘empirical claim’ notion in the struc-
turalist literature, and I will use a particularly simple one, which is apt to
present the basic ideas of the game-theoretical semantic approach. Further
studies may be devoted to analyse the games associated to more complex
versions of ‘Ramsey–Sneed sentences’, as well as the empirical claims of
specific theories. In what follows, ‘I ’ will represent the set of intended
applications of a theory (which is a subset of Mpp, the set of partial po-
tential models of the theory), ‘Mp’ will be the set of its potential models,
and ‘M’ that of its actual models; ‘C’ (⊆Po(Mp)) will be the set of those
subsets of Mp which obey the theory’s constraints; lastly, F is the set
of all possible functions from Mpp into Mp; each one of these functions
induces a corresponding function from Po(Mpp) into Po(Mp).21 Now we
can describe the empirical claim of theory T as the proposition:

(8) ∃f ∈ F ((∀x ∈ I, f (x) ∈ M) & (∀X ∈ Po(I ), f (X) ∈ C))

(8) asserts that there is a way of completing the intended applications
into structures which obey both the laws and the constraints of the the-
ory. Figure 1 depicts the ‘normal form’ game associated to this assertion;
numbered cells represent decisions by the ‘verifier’ or the ‘falsifier’; the
bottom cells are the possible endings of the game, which is won by V if
the chosen cell is true, and by F if it is false. Figure 2 shows the ‘strategic
form’ of the game; columns represent the strategies available to V (each
possible function f ), and rows the strategies of F (which are pairs of the
form ‘〈left, a〉’ or ‘〈right, A〉’, where a is an element of I and A a subset of
I ). Each cell is to be replaced by the truth value of the sentence included
into it; if there is at least a column all whose cells are true, then proposition
(8) will be true, and if there is at least a row all whose cells are false, then
(8) will be false. In the case of classical logic at least, it is warranted that
one of these possibilities must take place.

Figures 1 and 2 have an obvious methodological reading. The falsifica-
tion of a theory amounts to finding out one or more intended applications
which do not fit, either the theory’s laws, or its constraints, whatever the
values the ‘verifier’ assigns (through the g-functions) to their applications’
theoretical magnitudes. Its verification amounts to finding out a way of
completing all theoretical applications, such that no counterexample can
be actually presented. From this point of view, scientific method consists
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Figure 1.
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Figure 2.

basically in a double set of strategies: theoretisation looks for embedding
the known empirical structures into bigger, more complex ones, such that
certain laws are met; observation and experimentation look for finding out
empirical structures which might fail to obey those laws.22 This vision is
clearly a Popperian one, although, contrarily to the falsificationist slogan,
Figure 2 allows to see that in general, scientific theories, besides being
unverifiable, can be unfalsifiable as well. The reason is that a theory is
verifiable (alternatively, falsifiable) if and only if its game’s strategic form
has a finite number of rows (columns), i.e., if its columns (rows) are finite
in length; for only in this case are human beings able of confirming that all
the cells of a certain column (raw) are true (false). So, if the set I is finite,
the theory is verifiable, and if the set F is finite, the theory is falsifiable.
The problem is, of course, that both sets are usually infinite. For example, a
theory’s intended applications include not only actual empirical structures,
but also physically possible ones (this is specially clear when we think of
the a’s as individual realisations of experiments that the falsifier might do,
rather than as types of experiments). The transfinite nature of F is still
clearer, since it comprises all the possible functions from Mpp into Mp ,
which are even non-denumerable sets.

3.2. Games Scientists Play

Although game theoretical semantics has the virtue of explaining se-
mantic categories (e.g., truth) through pragmatic ones (e.g., the activities
of searching and finding), a game for the sentence associated to the claim
of a theory is so immense that human beings can not actually play it at
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all. Nevertheless, it is challenging to look at the competitive activities real
scientists perform in their daily work as something essentially related to
the game depicted in the previous section. My suggestion is that we can
understand the rules of scientific method as a set of mutual constraints that
players V and F put to each other in order to have a chance of playing that
game with a limited amount of time and resources.23 According to this
vision, each scientist adopts one of those roles (not necessarily the same
every time) only under the proviso that the set of strategies available to
each participant in the game has been dramatically reduced. The structur-
alist conception of theories provides again some insights about how this
reduction can be performed; in particular, I will make use of the ideas that
scientific theories are organised through a net of special laws, and that the
set of intended applications is itself organised into types of applications.
This ‘human-faced’ description of the semantic game for a scientific the-
ory can show more transparently than usual structuralist expositions some
methodological aspects of the construction and testing of theory nets. A
semantic game for a scientific theory, whose strategies have been reduced
in order to give each player a realistic chance of winning, can be called a
‘research game’.

Before analysing such a game with reduced strategies, we have to in-
troduce some new terminology. Let L1, . . . , Li, . . . , be a series of subsets
of Po(M) ∩ C, i.e., collections of sets of models of the theory satisfying
its global constraint, and which actually obey some additional condition (a
special law or constraint, or both), and let us assume that this condition can
be expressed through a finite formula. L will be the set of all these Li’s.
On the other hand, let I1, . . . , Ij , . . . , be a series of subsets of I , i.e., types
of intended applications, whose empirical identification is assumed not to
be questioned by the players of the game. I will be the set of all these
Ij ’s. It is important to take into account that neither the Li’s nor the Ij ’s
are necessarily disjoint. Let H be the set of all possible functions from I
into L, i.e., the set of all possible ‘theory-nets’ which may be constructed
for the set I using some of the laws contained into L. Lastly, if x and y
are structures, let ‘Eyx’ represent that y is an extension of x. We can then
reconstruct the empirical claim of a scientific theory as follows:

(9) ∃h ∈ H ∀Ii ∈ I ∀x ∈ Ii ∃y ∈ h(Ii)Eyx

(9) asserts that there is a way of assigning a special law or constraint
(h(Ii)) to each type of application (Ii), such that for each one of its in-
dividual application’s (x), the result of applying to it the corresponding
special law ends with an actual model of the theory. Stated differently, to
each type of application can be successfully associated a theoretical for-
mula (i.e., a formula which logically entails the theory’s fundamental laws
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and constraints), where ‘successfully’ means that this formula is logically
consistent with the data included into any particular application of that
type. The normal form of the ‘research game’ associated to (9) is depicted
in Figure 3.

For the strategic form, account must be taken that, if theoretical laws
are well defined, then the last movement is no ‘choice’ at all, for the only
thing V has to do is to apply the formula g(I ∗) to the data contained
in the application a; if the formula is not consistent with those data, the
proposition of the last cell will be false due to the non existence of b,
whereas if it is consistent with them, b will be uniquely determined by that
formula. That is, the point of special laws is to allow to construct ‘actual
models’ out of ‘empirical applications’ in a non arbitrary fashion.24 Hence,
the strategies of V are the elements of H (she has to choose a theoretical
law or constraint for each type of application), while the strategies of F

consist of pairs of the form ‘〈Ii, a
i
j 〉’, where a

j

i is an element of Ij (she
has to choose a type of application first, and later a particular application
thereof). The ‘real’ game actually ends after the third movement (at the
cell marked with dotted lines), for usually the last cell is fully determined
by the previous choices of the players, as I have argued. The strategic form
of the game is, hence, as shown in Figure 4. Each cell ‘∃y ∈ gi(Ij )Eyaj

m’
amounts to the assertion that a theoretical model (y) can be constructed
out of the chosen empirical system (a

j
m) with the help of the special laws

determined by the combined choice of gi and Ij (i.e., by gi(Ij )).

3.3. Methodological Strategies

With respect to the verifiability and falsifiability of a scientific theory, it
is clear from the last figure that the theory will be falsifiable (i.e., a row
of false statements can be found) if and only if there is only a limited
number of functions gi’s, and this occurs if and only if both the sets I
and L are finite. On the other hand, the theory will be verifiable (i.e., a
column of true statements can be found) if and only if both the set I and
all of its elements (which are sets of applications) are finite; the first one
of these two last conditions is more reasonable than the second: there can
be a limited number of types of applications, but, as we saw in the case of
(8), each type includes an indefinite, probably non-denumerable amount of
concrete systems. So, for scientific research being carried out as a game in
which each player has a reasonable chance of winning, the following three
conditions must obtain: (a) researchers admit to consider only a limited
number of possible theoretical laws; (b) they also accept to consider only
a limited number of possible types of empirical systems, and (c) the ap-
plicability of those laws to these empirical systems can be decided. From
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Figure 3.
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Figure 4.

a contractarian point of view, this can be seen as the result of the follow-
ing ‘negotiation’: the falsifiers might make any theory unverifiable just by
insisting that they have to examine all the theory’s empirical applications,
and the verifiers might make it unfalsifiable just by leaving open the set
of special laws they can employ; besides this, both the falsifiers and the
verifiers might make the theory both unverifiable and unfalsifiable by in-
sisting in applying the theory to an open set of types of empirical situations;
hence, the theory becomes both verifiable and falsifiable just by the mutual
agreement of not using these ‘defensive’ strategies. In a nutshell, V accepts
that the theory can in principle be falsified in exchange of F ’s acceptance
that it can in principle be verified. So, in contrast to Popper’s thesis that
theories are unverifiable by their logical form and falsifiable by convention
(i.e., by the conventional decision of accepting a ‘basic statement’),25 our
approach suggests that theories are both unverifiable and unfalsifiable by
their logical form (as it is clear from Figure 2), but can become verifiable
and falsifiable by agreement.

Besides this reasoning, it can also be argued that the outcomes of ex-
periments and systematic observations are not usually singular statements
(e.g., of the type of the fourth and fifth propositions in Figure 3), but reg-
ularities about kinds of empirical situations (e.g., of the type of the third
proposition: ‘∀x ∈ I ∗ ∃y ∈ g(I ∗)Eyx’). This has been cogently defended
by Hintikka, who asserts that what is known as ‘induction’ in scientific
practice is not the inference ‘from the particular to the universal’, but rather
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the extension of a regularity from a limited domain to a wider one. It is
important to notice, as well, that it is the third proposition in Figure 3
what has the logical form Hintikka ascribes to the outcomes of controlled
experiments.26 On the other hand, the very idea of establishing kinds of
empirical applications presupposes that some regularities have been found
about them: those serving to define that type. After all, we employ concepts
to identify those kinds of systems, and, as we have seen in Section 2,
concepts only have an empirical meaning if they are ‘parasitic’ of some
publicly perceived regularities. Hence, if some regularities must have been
found in order to construct a classification of empirical systems, then there
is no reason why further regularities concerning these systems might not be
empirically established as well. Of course, all these regularities are fallible
(recall Section 2.6).

On the other hand, some comments can be made about the restriction of
the size of sets L and I. In the first place, this restriction is a desideratum
rather than a logical constraint, and probably there are many scientific con-
troversies where no limits are established a priori to the types of laws or
applications; what I want to stress is that the verification or falsification of
scientific theories can only take place when this restriction is agreed upon
by competing researchers.

In the second place, L can be organised in the form of a coherent clas-
sification tree of types of laws, containing ‘at the top’ the most general
types of symmetries that theoretical models can obey (or fail to do it)
within a given theoretical framework. In this case, scientific research can
be strongly furthered at both the theoretical and the empirical level, be-
cause some empirical regularities may serve to falsify or verify very wide
ranges of possible theoretical laws, and not only particular hypotheses.

In the third place, I can also have the form of a classification tree,
which allows to organise empirical research systematically, beginning by
establishing empirical regularities for very restricted, ‘low level’ types
of applications, and ending (with a little bit of luck) with much more
abstract laws which are applicable to a wide range of systems. Neverthe-
less, in many cases no such ‘unification’ is reached, and scientists end
simply with a compilation of more or less general regularities, having only
quasi-tautological ‘laws’ at the top.

In the fourth and last place, and perhaps more importantly, the strategy
of restricting L and I can be seen as the game-theoretical counterpart
of two common methodological strategies, usually known as ‘eliminative’
and ‘enumerative’ induction. Eliminative induction is possible just if there
is only a limited number of alternative combinations of special laws, and
so empirical research can lead either to the rejection of all of them (in
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which case the full theory becomes falsified) or to the rejection of all
combinations save one (which becomes confirmed); traditional expositions
presented this methodological strategy as if the relevant combinations of
laws were all the conceivable ones, but under this paper’s approach it suf-
fices that the players have agreed on any limitation of them, no matter the
criteria employed to do it. Enumerative induction amounts to examining all
the possible types of empirical systems, and this allows to verify whether
the theory is applicable to all of them or not. The other classical sense of
‘induction’ (say, Baconian induction)27 is that of making a generalisation
from the observation of singular events to a regularity about a certain
type of situation; in Figure 4 this would correspond to ‘collapsing’ the
information obtained from a number of systems like a1

i , a2
i , . . . , a

n
i , . . . ,

into an empirical law of the form ‘∀x ∈ I ∗ ∃y ∈ g(I ∗)Eyx’. Figure 5
resumes these methodological readings of the research game;28 ‘theory
building and eliminative induction’ consists in identifying all the possible
alternative systems of hypotheses (i.e., possible theory-nets), and using
later the results of the cells to decide whether some of these systems is true,
or if none is; ‘enumerative induction’ consists in studying all the possible
types of empirical applications, in order to test whether they obey the laws
assigned to them by a particular theory-net; lastly, ‘Baconian induction’
amounts to the production of the statements contained in each cell, which
assert the applicability of some concrete laws to all the individual systems
contained within some concrete type of empirical applications.

4. CONCLUSIONS

In this paper I have tried to defend a couple of traditional views about
scientific method which in the last decades had been rather discredited.
These ideas are that scientific knowledge is grounded (though not infal-
libly) on perceptual experience and common sense, and that scientific
theories can actually be (pragmatically) verified as well as falsified by
means of empirical research. In order to defend these thesis, I have resorted
to semantic approaches which are grounded on pragmatic intuitions: the
inferential semantics employed in Section 2 brings to sight the norma-
tive aspects of conceptual and empirical content, and the game-theoretic
semantics deployed in Section 3 points to the competitive activities of
scientific researchers. Thus, the ’traditionalist’ flavour of my conclusions
is won thanks to the recognition of some basic anti-positivist tenets: that
linguistic practices are always collectively regulated and dependent on cul-
tural contexts, and that scientific research is a field where competition is
one determinant factor. Nevertheless, this does not entail that ‘all knowl-
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Figure 5.

edge is relative’, because those social practices can be seen, not as an
obstacle in the searching for objectivity, but as an unavoidable precondition
of its success.

ACKNOWLEDGEMENTS

Research for this paper has benefited from Spanish Government’s research
projects PB98-0495-C08-01 (‘Axiology and dynamics of techno-science’)
and BFF2002-03656 (‘Cognitive roots in the assessment of new infor-
mation technologies’). A previous version were discussed at the third
Iberian-American Structuralist Meeting (Granada, Spain, march 2002); I
want to thank Luis Miguel Peris for inviting me to that meeting, and all
the comments and criticisms I received there, particularly those from José
Díez Calzada and Ulises Moulines. I also thank the comments of two
anonymous referees, which have also been very helpful.
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NOTES

1 Balzer–Moulines–Sneed (1987, p. 221). In the introduction to a special issue of Syn-
these, Moulines (2002) has recently recognised that structuralism “really do not address
the BIG PHILOSOPHICAL ISSUES about science” (upper case in the original). The
papers contributed to that issue represent an interesting step towards the discussion of
those problems; in particular, questions about the meaning of scientific concepts and their
relation to observation are studied in Díez Calzada (2002), and methodological problems
are studied in Balzer (2002).
2 See especially Kuipers (1996) and Zamora Bonilla (1996).
3 The only possible claim about those intended applications is on the cardinalities of their
base sets. This is analogous to the case of a Ramsey sentence of a theory all whose terms
are ‘theoretical’ in the positivist sense. Cf. Hintikka (1999, ch. 13).
4 See Sneed (1971), Stegmüller (1979), and Moulines (1985).
5 See Gähde (1983), and Balzer (1985) and (1996).
6 Balzer (1996, p. 154).
7 Cf. Balzer–Moulines–Sneed (1987, pp. 47–78), where both approaches are presented.
In a nutshell, Sneed’s definition of theoreticity asserts that a function f is T -theoretical
if T is needed in order to make a determination of f , whereas Balzer’s asserts that f is
T -non-theoretical if other theories besides T are needed to make such a determination. So,
according to Sneed, f is T -non-theoretical if assuming T is not necessary for measuring
f , while according to Balzer, f is T -non-theoretical if assuming T is not sufficient. What
makes of Sneed’s a ‘pragmatic’ criterion and of Balzer’s a ‘formal’ one is that, in order
to discover that f is T -non-theoretical in Sneed’s sense, we need to find out in scientific
practice an empirical f -measuring process which does not presuppose the validity of T ,
while in order to determine that f is T -non-theoretical in Balzer’s sense, it is enough to
examine the mathematical invariances entailed by the laws of T .
8 See Balzer–Moulines–Sneed (1987, ch. 2), Gähde (1996), and Moulines and Polanski
(1996).
9 Balzer (1986, p. 154.)
10 It is still worse: if we do not include in (2) – after the ‘iff’ – the condition ‘there is
some adequate t-determining method, and for all x. . . ’, then all terms for which there is no
adequate determination method will be theoretical with respect to all theories, for in that
case, the condition ‘x is an adequate t-determining model’ will be vacuously satisfied.
11 See particularly Sellars (1997) and Brandom (1994).
12 I personally think that Brandom’s own account of how this set of ‘correct’ inferences is
established is not complete, but this point is not essential for my current argument. On the
other hand, as it is clear, the term ‘inference’ is used in this approach to cover any move
from a ‘position’ in a language game to another ‘position’, although these ‘positions’ can
be non-linguistic ones: they can also be ‘inputs’ in the game (basically, perceptions), as
well as ‘outputs’ (basically, actions).
13 Though not all constraints and links of T need to be essential for ‘understanding’ t ; in
that case, t will be theoretical only with respect to that part of T which are really required
for the relevant community. On the other hand, when some constraints and links are es-
sential for the understanding of t , this makes it necessary to modify (3) in the following
way: ‘(a) if you are using t in a system x ∈ S, and if you do not take S to be included
in Po(Mod(T )) ∩ C ∩ L (either explicitly or implicitly), then . . . ’, where C and L are,
respectively, the relevant constraints and links.
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14 By the way, this offers a pragmatic ‘solution’ to the problem of induction: it is not that
inductive arguments must be valid in order that the learning of language can begin, but that
speakers must act as if certain empirical regularities were ‘well established’ if linguistic
expressions are to have an inferential content at all for them. Of course, this does not
warrant that all those regularities are actually true (see Sections 2.6 and 3.3).
15 Balzer (1985).
16 Additionally, each Ri must be of the same logical type that R′

i
. Obviously, some Ri ’s

can be unary, i.e., they can be ‘properties’, and they can also be functions.
17 This idea is related to the notion of ‘observational scene’, as used by Díez Calzada
(2002, pp. 32 and ff). One main difference between his approach and mine is that he uses
‘observational scenes’ more or less like a reconstruction of classical ‘protocol sentences’,
whereas my concept of ‘perceptual scenario’ is more naturalistic, in the sense that an
external observer could (tentatively) accept that another individual, whose observational
concepts the former does not posses, is being acting in (what for the latter is) a perceptual
scenario; e.g., a blind person could agree that I am seeing a red box, and I might agree that
bats ear the walls of a room.
18 Díez Calzada (2002) defends also the ‘neutrality’ of observation, but on the ground of
the universality of human perceptual capabilities. My approach insists also on the role of
our inferential capabilities.
19 See Hintikka (1973).
20 Methodological writings by Hintikka are more inspired by his ‘interrogative model’ of
scientific research. See, e.g., the papers collected in Hintikka (1999).
21 That is, if X is a subset of Mpp , then f (X) is {y ∈ Mp/∃z ∈ X, y = f (z)}.
22 Obviously, the utility of theoretisation, observation and experimentation is not limited
to their roles in these semantic games: it is important to take into account also what the
point of the game of science is. Perhaps it is to ‘discover the underlying truth’, or perhaps
it is to help us to ‘control our environment’. In this paper, nevertheless, I shall be agnostic
about this ultimate question.
23 I have defended this view of scientific method in Zamora Bonilla (2002).
24 In some cases, nevertheless, the special laws do not determine uniquely an extension
of the intended application (several theoretical models can be possible extensions of a, all
of them consistent with the special laws which correspond to g(I∗)), and in these cases V
has still certainly a choice. However, I will restrict my discussion to the case where g(I∗)
determines a unique theoretical extension.
25 See Popper (1959, section 29).
26 See again Hintikka (1999), esp. chapters 7 and 8. He calls ‘the atomistic postulate’ the
assumption that the basis of all knowledge are propositions without quantifiers.
27 This is simply a quick way of speaking. I do not want to enter a discussion about whether
Francis Bacon would actually defend this type of induction or not.
28 Similar methodological conclusions are reached in Balzer (2002), where, besides ‘enu-
merative induction’, a method called ‘hypothesis construction induction’ is suggested,
which is closely related to the ‘theory building and eliminative induction’ method of Fig-
ure 5. Nevertheless, I think that the use Balzer makes there of structuralist categories is
basically unrequired by the rest of his arguments.
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Abstract In this article we defend the inferential view of scientific models and

idealisation. Models are seen as ‘‘inferential prostheses’’ (instruments for surroga-

tive reasoning) construed by means of an idealisation-concretisation process, which

we essentially understand as a kind of counterfactual deformation procedure (also

analysed in inferential terms). The value of scientific representation is understood in

terms not only of the success of the inferential outcomes arrived at with its help, but

also of the heuristic power of representation and their capacity to correct and

improve our models. This provides us with an argument against Sugden’s account of

credible models: the likelihood or realisticness (their ‘‘credibility’’) is not always a

good measure of their acceptability. As opposed to ‘‘credibility’’ we propose the

notion of ‘‘enlightening’’, which is the capacity of giving us understanding in the

sense of an inferential ability.

1 Models as Inferential Tools

One of the most significant features of the philosophy of science in the last two

decades is the relevance it has attached to models as the central building block of

scientific research and scientific knowledge, a role that has, to some extent,

obscured the prevalence of theories in the major approaches of the 20th century.

This change of focus was mainly due to the stronger attention given by philosophers

to how science is actually practised, for in many disciplines scientists spent most of
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their working time developing, checking, testing and comparing specific models,

which is particularly true in the case of economics. One pressing philosophical

question about scientific models has been that of how can the scientist learn about
the world with the help of such models, or as it is sometimes put, how can we ‘‘learn

from’’ them (cf. e.g. Morgan 1999; Knuutila 2005). This question has been related

to the discussion on the nature of scientific representations, given that models are,

among other things, intended representations of some aspects of the world. The

current debate about the role of economic models, initiated in Robert Sugden’s

paper on ‘‘Credible worlds’’ (Sugden 2002), could be interpreted in the light of this

discussion. His main thesis was that models serve as the basis of a kind of inductive

inference, on an equal (or at least similar) footing as the ‘‘real’’, empirical cases

from which the traditional view of induction assumed that this kind of inference had

necessarily to start. Opposed to this view was another conception of economic

models, according to which they are rather kinds of ‘‘thought experiments’’ that help

us to isolate and identify the causal factors that really intervene in the world (e.g.

Cartwright 1983; Mäki 1994). The main aim of our article is to show how an

inferentialist conception of representation and idealisation can do justice to both

approaches to economic (or, more generally, scientific) models. As another

consequence of our approach we will offer a unified account of three aspects of the

use of scientific models that may be difficult to harmonise: their role as

representations, as explanations, and as instruments for learning and manipulation.

Models can be interpreted as many and very different things (maps, worlds,

experiments, artefacts, social constructions, and so on), and most of these

interpretations capture an important aspect of them without necessarily being in

mutual contradiction. Obviously, since models do not constitute anything like a

‘‘natural class’’, the choice of one of these aspects as the cornerstone of an approach

to scientific models is, to some extent, subjective and can only be justified in terms

of the light it helps to shed on the rest of the relevant aspects. If we take this for

granted, our preferred interpretation is that scientific models are basically a type of
artefact (cf. Knuutila 2005). In particular, they are instruments for surrogative
reasoning (cf. Swoyer 1991; Hughes 1997). Ibarra and Mormann (2006), Contessa

(2007), Bueno and Colyvan (forthcoming), most of them referring back to the ideas

of Heinrich Hertz in Die Prinzipien der Mechanik in the late nineteenth century).

Suárez (2004) offers what is perhaps the clearest and most synthetic statement of an

inferential view of scientific representations. The basic intuition behind the concept

of surrogative reasoning is slightly but significantly different from the already

mentioned idea of ‘‘learning from models’’: the latter assumes that models are in

some sense a source of knowledge about the world (as we will show, this may

sometimes be the case, but not necessarily every time), whereas according to the

former, the main use of models is in helping us to draw inferences from the system

they represent. Surrogate reasoning consists of the following three basic inferential

steps (see also Fig. 1, adapted from Ibarra and Mormann (2006, p. 22) and Bueno

and Colyvan (forthcoming, p. 12):

(1) An empirical system is interpreted in terms of the structure of the model (this

is the step that Hughes calls ‘‘denotation’’, and Bueno and Colyvan
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‘‘immersion’’); we make an inference from some propositions about the

empirical system to propositions about the model. The structure of the latter is

usually mathematical, but it may be materialised in any ‘‘format’’ that allows

us to reason about it, such as in a physical model the movement of the

components of which can be materially performed and described.

(2) Starting from the statements derived from the interpretation of the empirical

system, formal inferences are made ‘‘within’’ the model, taking advantage of

its structure (Hughes calls this step ‘‘demonstration’’, and Bueno and Colyvan

‘‘derivation’’); depending of the case, these inferences may be deductive,

inductive, statistical, abductive, counterfactual, analogical, and so on.

(3) Some of the conclusions derived in this way are re-interpreted or re-translated
into the language of the empirical system (both papers call this step

‘‘interpretation’’); of course, this new interpretation is in itself a kind of

inference, like those in the first step.

Thus, what the model has allowed us to do in the end is to derive some

conclusions about the empirical system, starting from information extracted from
this same system. Hertz’ original idea (particularly well represented in the theory

developed by Ibarra and Mormann in their distinction between conceptual and

physical operations) was that the inferences we draw within the model have to

reproduce the causal connections between the real events occurring in the

empirical system, but the inferential framework is general enough to include

systems in which it is not the causal structure the model aims to reproduce. For

example, maps function exactly in this way: one starts by translating one’s ‘‘real-

world’’ starting point and destination into the map, then uses the map to look for

the route one can take to reach one’s destination, and, lastly, transfers that

information again to the ‘‘real world’’, in the form of the direction in which one

has to move (of course, as the trip goes on, many such inferential circles must be

drawn). Hence, the inferential approach allows us to vindicate the old intuition

that ‘‘models are maps’’ (or that maps are models), without committing us to

TARGET 
(e.g., an empirical 

system,

REPRESENTATION
(e.g., a theoretical model, 

or a map) 

Immersion 
(translation T-to-R) 

Interpretation
(translation R-to-T) 

Derivation

Physical (or 
other type of) 

operation

PREMISES
(or initial state) 

CONCLUSION
(or final state) 

or another model)

Fig. 1 Three steps in the making of inferences with the help of models
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anything like a ‘‘pictorial’’ view of scientific representations (think of a GPS

device transmitting only verbal information: it contains a representation of the

terrain, but not a pictorial one).

Suárez (2004) dubbed the inferentialist view of scientific representations a

‘‘minimalist’’ one in the sense that it is not committed to any specific thesis about

the nature of the relation of ‘‘being a representation of’’. From the point of view

defended here, since models are primarily artefacts (cf. Knuutila 2005), such a

feature is hardly a surprise: artificial objects are usually identified not by their

specific material constitution, but for their function. Consequently, any entity
(either real or abstract) that can sustain the working of conceptual inferences on
the right-hand side of Fig. 1 can serve as a representation. In contrast to what

Suárez suggests, however, this does not mean that we cannot have a ‘‘general

theory of scientific representations’’. Even if we admit that perhaps we cannot

draw up a finite list of necessary and sufficient conditions for something to

instantiate the concept of ‘‘scientific model’’, what follows from an inferentialist

view such as the one depicted by Suárez and others is that the theory of scientific

representations needs to be a pragmatic theory, i.e. a theory about what scientific

models are for, how they are used and, most importantly, what the features are

that allow scientists to distinguish successful models from the not so successful

(cf. Contessa 2007). Suárez is thus right if we interpret him as claiming that a

‘‘merely logical’’ general theory of representations is not possible. In other words,

what we need is not merely a theory about what scientific models are, but an

explication of what it is that makes good scientific models good, i.e. an

explication of how they are evaluated (which we offer in Sect. 2). This does not

entail, however, that the formal study of the connection between models and their

representanda is not important in the philosophy of science, for even if there are

no necessary and sufficient formal conditions for being a model, or for being a

right model, most scientific models fulfil their inferential role thanks precisely to
their having some specific mathematical properties. We will argue, in particular,

that many scientific models are construed by means of an idealisation-concret-

isation process, and that this process can be analysed from an inferentialist

perspective (this will be done in Sect. 3). Idealisation allows us to create more

simplified representations and, conversely, concretisation allows us to correct our

original idealised models in order to improve them and make them more reliable.

Idealisations are also on many levels, from those of a hypothetical character

(because we are totally ignorant about their capacity to be realised) to those that

are known to be not only empirically false, but also to contradict some theoretical

or background assumptions, or even internally inconsistent (and successful in spite

of this). On the other hand, the value of a scientific representation is understood in

terms not only of the success of the inferential outcomes arrived at with its help,

but also of the heuristic power of representations and their capacity to correct and

improve our models, i.e. in terms of how the inferential steps, and their

connections with other inferential artefacts, can be improved thanks to the

properties of a model. Finally, in Sect. 4 we relate our inferential conception of

scientific models to the discussion on the role of models as credible worlds or

isolating tools.
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2 Scientific Models and Inferentialism

An appropriate way to progress from an inferential definition of scientific models

and representations to a pragmatic theory about the use and evaluation of these

cognitive tools is by connecting the view sketched in the previous section to a more

general inferentialist account of knowledge and action, such as the one proposed by

the philosopher of language Robert Brandom (1994). This theory has been applied

in some previous papers (Zamora Bonilla 2006a, b) to the process by which a

scientific claim becomes accepted among the relevant research community; we will

use it in the following rather to illuminate the process of model building and testing.

Brandom describes his theory as ‘‘inferential semantics grounded on a normative

pragmatics’’. The ‘‘inferential semantics’’ part means that instead of understanding

the meanings of linguistic expressions as founded on the representation of aspects

of the world by pieces of speech or text, we primarily explain them through the

inferential links that each expression has with the others, and it is this inferential

entanglement of expressions that allows them to serve as representations. The

‘‘normative pragmatics’’ part refers to the idea that human actions (not only verbal

ones) are understood as structured and motivated by the deontic statuses of the

agents in terms of what they are committed to or entitled to do. Lastly, the fact that

the semantic part is ‘‘grounded’’ on the pragmatic part means that it is not the

semantic properties of language that determine what people can do with it, but the

other way around. The essential elements of Brandom’s inferentialist model that

may be helpful now are the following (see Fig. 2):

(1) At any given moment, each agent is committed (or entitled) to certain claims

(‘‘doxastic commitments’’) and to certain actions (‘‘practical commitments’’).

(2) These sets of commitments evolve according to the inferential norms that are

(tacitly or explicitly) accepted within the relevant community of speakers. The

‘entry norms’ 

‘deliberation norms’ 

new doxastic 
commitments

PERCEPTION 

ACTION

AGENT’S 
ENVIRONMENT

AGENT’S
COMMITMENTS

previous commitments 
(including hypotheses) 

further doxastic 
commitments

new practical 
commitments

decision

‘prediction’

Fig. 2 A normative inferentialist view of rational action
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norms indicate to what claims and actions one becomes committed or entitled

according to what commitments one previously had, or according to the

realisation of certain public events.1

Although in our analysis of scientific models and representations we will

concentrate on doxastic commitments (the pragmatic commitments we take into

account mostly relate to intervention and prediction), this is not to obscure the fact

that the value of a given set of commitments, and of a system of inferential norms,

depends essentially on the efficiency with which the actions such commitments and

norms lead to help to satisfy the agent’s goals. Since the flux depicted in Fig. 2 is

dynamic (new actions lead to new events and to interactions with other agents,

which cause new perceptions, and so on), the commitments and norms of an agent

or a community will evolve: commitments change according to what new inferences

are made, and inferential norms may also change for there may be a ‘‘natural

selection’’ process that allows successful norms to ‘‘survive and reproduce’’ (i.e.

passed more frequently to other agents and situations) at a higher rate than less

successful ones (cf. Zamora Bonilla 2006a, b). Thus, ‘‘good’’ scientific models will

be those that, in the loop described in Fig. 1, lead to satisfactory results, or to better

results than other models give.

What can this show us about scientific models? Within the scheme of Fig. 2, a

model primarily consists of a set of interconnected doxastic commitments and

inferential norms, some of the latter made explicit by formal rules and others taking

the form of practices (such as simulation techniques; cf. Winsberg 2006). The main

question to put in order to elaborate on a pragmatic theory of scientific models

would thus concern what the most general functions of such ‘‘inferential modules’’

within the economy of practices depicted in Fig. 2 could be. We suggest that these

functions could be reduced to the following three:

(a) First, the addition of a model to the corpus of our commitments should

increase the ratio of successful inferences (i.e. ‘‘right predictions’’) to not so

successful ones: a glance at Fig. 2 shows that, apart from the relation that

success has with the practical goals of our actions, all possible epistemic
criteria of success depend in some way or other on the coherence between
commitments coming from different inferential routes. This is not an easy goal.

Due in part to previous commitments coming from independent sources, and in

part to the use of fallible inferential norms (e.g. induction, abduction, inference

to the best explanation), there is no guarantee that the working of an agent’s

inferential machinery always leads to conclusions that are logically consistent

between them.

(b) Secondly, the model should also increase the number and variety of inferences
we were able to draw from the rest of our commitments. This does not only

mean that the addition of the model should have new logical consequences: in

some cases it is also important that it allows us to actually reach the logical

1 It is also important to note that inferential norms include not only such licensing logical, formally valid

inferences, but also material inferences (e.g., from ‘‘it’s raining’’ to ‘‘the floor will be wet’’). The

inferential role Grüne-Yanoff (2009, Sect. 2) attached to the interpretational component of models would

refer precisely to such material inferences.
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consequences our previous commitments had but that we were not capable of

drawing in practice. Mathematical and computer models are usually of this

kind, but so are wood-and-wire models, for it is by manipulating their parts

that we can often see what follows from some objects being in a particular

causal or geometrical disposition.2

(c) Thirdly, it should help us to reduce the cognitive (or computational) costs of

the activity of drawing consequences, either doxastic or practical.

We describe some of the virtues models may have according to these functions in

more detail in Sect. 4, whereas in Sect. 3 we consider some of the ways in which

models may be constructed in order to fulfil these goals. What we would like to

discuss now is the connection between these general functions of models and the

general topic of this monograph: what is it that makes a model ‘‘credible’’? Our

thesis is that it is mainly to do with the first function indicated above: do any other

criteria exist by which to judge whether a model is right (or ‘‘probably true’’, or

‘‘approximately true’’, or ‘‘probably approximately true’’) besides the fact that it

leads us to adopt conclusions that are corroborated by different means? We think
they do not. If we do not know in advance whether the hypotheses of a model are

true or not, then the coherence of its predictions with other commitments we arrive

at in an independent way is a powerful argument to conclude that such assumptions

are probably right (this is anything but the good, old-fashioned hypothetico-

deductive method). What happens, then, when a model contains assumptions (say,

‘‘virtual commitments’’) we know to be false, or very far indeed from the truth?

Traditionally, it has been asserted that if the model makes many right predictions we

will probably be led to the conclusion that, in spite of being false in some aspects, it

nevertheless depicts more or less well the aspects of the world that are responsible
for the truth of its predictions, and hence the false assumptions will be taken as

‘‘isolating’’ assumptions. We find Michael Strevens’ (forthcoming) way of putting it

particularly clear: the role of these assumptions is often that of showing which

aspects of the system do not actually play a causal role. We think this could also be

related to what Nancy Cartwright (2009) expresses as ‘‘probing models as a means

to understand how structure affects the outcomes’’. All this has something to do with

function a in the list above. The credibility of a model would consist, then, simply in

a ‘‘measure’’ or estimation of how probably it is right, which may mean ‘‘right in

counterfactual situations’’. From an inferentialist point of view, however, false

assumptions such as simplifications, idealisations and the like also serve some other

functions: in some cases they just allow us to draw conclusions where we could not

do so before (function b), i.e. they show us how to reason in certain circumstances

(for example, how to apply economic reasoning in cases in which agents have

different information). This is a kind of heuristic role, often referred to as ‘‘finger

exercises’’, and ‘‘thought experiments’’ could also be included within this category.

Lastly, some assumptions may also have the role of making calculations easier, or

even possible (e.g. approximation methods, statistical assumptions), which concerns

functions b and c. Our thesis is that when a scientific model satisfies these goals

2 In this sense, mathematical models also allow us to learn about (mathematical) theories, in the sense of

helping to actually derive consequences from the axioms of the latter (cf. Morgan and Morrison 1999).
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(allowing us to make more claims and at a lower cognitive cost), it is not

appropriate to call it ‘‘credible’’, for it may be very far removed from any actual or

even possible circumstance. We prefer to say that a model like this is enlightening,

i.e. its main virtue is to give us ‘‘understanding’’, not in the sense of a kind of

‘‘mental feeling’’, but as an inferential ability (cf. Ylikoski 2008). We will come

back to this question, and to the related topic of the explanatory power of models, in

Sect. 4.

We could also express our view as follows: the complex set of factual claims and

inferential dispositions constituting the body of commitments of a scientific

community has the potential of generating a lot of consequences, but the particular

connections between many of those claims and dispositions may make it very

difficult, or even impossible, to actually derive these consequences by using the

calculating and reasoning techniques the community has; in particular, our factual

claims cannot be ‘‘appropriate’’ as premises to extract from them (and with the help

our inferential norms) too many relevant conclusions. In these cases, the

introduction of a definite set of ‘‘virtual’’ commitments, depicting a counterfactual

situation (that perhaps is even incompatible with some accepted principles), may act

as a ‘‘canal system’’, or a ‘‘pruning’’ that channels the inferential flow from our

inferential dispositions towards more interesting and numerous logical conse-

quences. This justifies our thesis that idealisation by counterfactual reasoning (i.e.

searching for what would happen under certain assumptions) is the main tool in

model construction, as we will show in the next section. Let us first summarise the

properties that constitute a model’s virtues, according to the inferential approach we

have just sketched; recall that a model is identified with a particular set of

‘‘commitments’’ (some given as premises, and others as conclusions):

• Its ‘‘size’’ (the number of questions it answers)

• Its coherence (especially between the commitments derived from others and

those derived from perception)

• Its manageability (models as ‘‘inferential prostheses’’ allowing the drawing of

many consequences at a low cognitive cost)

• Its heuristic capacity to produce new and more reliable models.

Further, what makes a good model? Here there is a list of possible virtues:

• adequacy: the consequences we obtain with its help must correspond to the

consequences that follow from the real system (or, more exactly, from other

inferential channels we are committed to);

• versatility: the model allows us to extract inferences from different kinds of

claims about the representandum;

• ergonomics: the model must be easy to use (manageable), at least easier than

extracting inferences directly from the real system, or from the bare theoretical

principles;

• compatibility: the model must be easy to connect, if necessary, with other

models (the same representandum may have more than one model for different

cases, and these different models may be connected in various ways; a model

could be taken as the representandum of other models; it could be based on
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different or even incompatible sets of theoretical principles and counterfactual

idealizations, and must make them compatible enough to allow inference

making).

Analogously, what makes idealisations good are the manageability they induce,

our measurements and calculations, and the heuristic power of guiding us in the

formulation of abstract models with the help of which we are able to explain a great

variety of phenomena. As we have shown in Sect. 3, if an idealisation were too

easily made concrete, its heuristic power would be small. If idealisations impose

highly ideal, unfeasible conditions, but have the ability to suggest appropriate

concretisations, then their heuristic power would be great, and therefore they would

have the chance of being successful in the production of more adequate theoretical

and empirical models. It is also important to note that different disciplines may

attach a higher value to some of these reasons than to others, reflecting the relative

difficulty or benefits associated with each in the corresponding field (cf. Zamora

Bonilla (1999) for such a comparison between the natural and the social sciences).

What picture of scientific knowledge derives from this view? In a sense, it could

be considered a rather ‘‘relativist’’ one. After all, there is no recipe for the best

combination of virtues models must have. Each scientist or scientific community

will have its own preferences (and it is thus, in part, how communities and schools

are identified), preferences that will be materialised in the inferential norms each

group has, i.e. in the patterns establishing what inferences are taken as (more or less)

appropriate. Furthermore, in our view, models are kinds of artefacts, or inferential
prostheses. Our whole system of knowledge is mediated through an inferential

network and there is, in fact, no way of distinguishing between inferential

knowledge obtained ‘‘with the help of prostheses’’ and that obtained without them.

Nevertheless, there are some prostheses that seem more ‘‘natural’’ than others, for

they provide us with the feeling that we are ‘‘nearer to reality’’ with them than

without them. In this sense the ‘‘degree of realism’’ of a model or theory must be

taken as the feeling it gives us of ‘‘being closer to the truth’’ (basically, if its

predictions correspond more closely to our observations and its assumptions are

ones we are strongly committed to, for different reasons)3; the more, and in the more

contexts, the representandum is replaceable by the representans in practice, the

more ‘‘realistic’’ will the latter seem—this is particularly evident in the case of

simulations. All this shows that our view is not as relativistic as it might seem: it is

one thing to assert that the criteria for judging the goodness of models are

‘‘subjective’’, and a very different thing to claim that the degree to which a model

actually satisfies those criteria is ‘‘non-objective’’. Even if the ‘‘realisticness’’ (or

‘‘credibility’’) of a model depends on what an agent wants it for, it will be a matter

of fact whether it fulfils these goals or not. Furthermore, models may help us to

discover new aspects of reality, for they may be useful for testing the assumptions

3 This is in line with the ‘‘methodological’’ approach to the concept of verisimilitude that has been

defended elsewhere by one of us, in which ‘‘truthlikeness’’ is taken as the ‘‘epistemic utility function’’ of

scientists and, being a kind of utility, it is assumed to be something that can be subjectively experienced
by the relevant agents. Epistemically speaking, truthlikeness (or the appearance of being closer to the

truth), is hence, a more primitive concept than truth (Cf. Zamora Bonilla 1992, 2000).
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they contain as hypotheses: scientific discovery could be seen as a way of

introducing hypotheses that are so successful that they lead to particularly

‘‘realistic’’ new models.

3 The Role of Idealisation and Concretisation in Model Construction

In this section, we give a brief account of the role of idealisations and

concretisations in the process of model construction from an inferentialist

perspective. One of the main functions of idealising in model building is not to

represent reality such as it is, but to allow inferences and interventions (i.e. practical

inferences) about certain relevant aspects of the world. According to our account,

idealisations could be understood as counterfactual inferential moves allowing more

manageability in measurements and calculations, as well as in arriving at causal

hypotheses in relation to the isolability of systems (these hypotheses will, in turn,

allow us to make inferences about the role certain causal factors play in certain

phenomena).

As has been stated (see in particular Morgan and Morrison 1999), scientific

models are often better conceived of as autonomous and independent of theory. This

means that there is no algorithm for constructing adequate models just from

theoretical principles. Sometimes they are basically inspired or guided by principles,

and sometimes they are abducted (at least in part) from empirical data and

experimental sources, but the process of model construction usually brings together

elements from different sources including calculation techniques, background

knowledge, analogy and intuition, so that they could be seen as something

autonomous and independent. In Boumans’ words: ‘‘model building is like baking a

cake without a recipe. The ingredients are theoretical ideas, policy views,

mathematisations of the cycle, metaphors and empirical facts’’ (Boumans 1999, p.

67). Idealisations play a crucial role in this process because the application of

models to reality clearly involves taking into account many simplifications, and the

abstraction and selection of relevant parameters. It is a commonly accepted view to

understand abstraction as the deliberate omission of certain parameters, whereas

idealisation could be viewed as the conscious misrepresentation of certain factors

(cf. Jones 2005).

Abstraction, then, concerns the selection of parameters and the isolation of

systems. In some sense it is a kind of idealisation, too (in the more abstract sense of

‘‘counterfactual deformation’’), because we do know that there is no real system

isolated from the rest of the world. The number of variables exerting some influence

on a particular phenomenon and their measurement is too great to allow taking them

all into account and thus offering analytical solutions to our problem. This is one of

the main reasons for idealising: to simplify our model in order to render it

computable. When, on the other hand, the data are too sparse, simulation methods

begin to assume importance. The construction of simulation models in order to

replace experiments and observations as sources of empirical data also involves

many idealisations, or as Winsberg (2006) calls them, ‘‘falsifications’’, in the sense

of contrary-to-fact modelling principles that are involved in the process of model
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building. His case study, on artificial viscosity, constitutes a good example of a

technique for the construction of simulation models in computational fluid

mechanics. It seems that practical advantage and its helpfulness in terms of

constructing manageable models are what give ‘‘credibility’’ to this particular

technique. According to Winsberg, the same could be said of other simulation

models, but our conjecture is that this is not exclusive to simulation techniques, and

also applies to other and more standard model-building procedures.

Not only models, but also laws and theories, as well as calculation techniques,

measurement methods, graphs, explanations and practically every aspect of

scientific method, involve idealisation. Of course, none of these exclusively include

idealisations: the curves drawn among the data, for example, combine the results of

approximation and optimisation, but in a sense we can tell that what justifies the use

of either technique is the counterfactual assumption that the more a function

approaches the data, the more probable it is that the inferences made by using that

function will be right. Another important example is constituted by the ideal and

counterfactual assumptions involved in approximations and reductive explanations

between different theories and laws. We therefore have idealisations on the

following levels:

• The abstraction and selection of parameters (isolation)

• Deformations introduced in the parameters considered in the model

• Idealisations made during the process of calculating and measuring these

parameters and in the construction of data models

• Idealisations involved in the simplified form of laws and principles

• Idealisations needed in approximation relations between laws and theories

• Idealisations that are taken into account in the elaboration of computer-model

simulations.

This list, of course, is not exhaustive. In real science these different levels of

idealisation occur together and are usually found in diverse combined forms. Each

of them deserves a particular study, having its own mechanisms of application,

although a good question is whether they exhibit a common structure, such as a

counterfactual deformation procedure that could be formalised in terms of modal

logic or through the use of any other formal tool. Nevertheless, it would seem

important to distinguish between the different concepts involved in the above

classification: abstraction, idealisation, and approximation.

As we show in Fig. 3, idealisations (together with optimisation and approxima-

tion) play a role in constructing data models from the empirical data as well as

theoretical models that purport to explain/predict some aspects of the real world,

idealised in turn in the form of data models. An important function of idealisations

is to allow the construction of more idealised models from the more concretised

ones, or vice versa: in other words, idealisation/concretisation could refer to

relations between theoretical models as well (as in the Kepler–Newton relation or

the case of thermodynamics and statistical mechanics). For some purposes and in

certain contexts to be determined by the scientific community, it is convenient to

treat a highly idealised system as if it were real, or to treat a non-isolated system as

if it were really isolated. In the same vein, we could work with more idealised
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models instead of our more concretised ones, which perhaps are not useful for

certain purposes or are not so easily workable. Analogously, data models could also

be idealised or concretised for convenience. Figure 3 summarises these relations (cf.

Arroyo and de Donato, Idealization, data, and theoretical constructs: The case study

of phylogenetics, unpublished manuscript).

Data are always constructs, not only because of the well-known distinction

between hard data and phenomena (cf. Suppe 1989; Woodward 1989; see also

Laymon 1982; Ibarra and Mormann 1998), but also because the selection of all

kinds of data or relevant parameters is always made as a consequence of some

idealisation. The relevant parameters change depending on the level of idealisation

at which we are. What we have, then, is more a hierarchy of phenomena

interspersed by the process of idealisation-concretisation induced by theoretical

means. As Suppe correctly put it, ‘‘Theories are not concerned primarily with

applying laws to phenomena, but rather with using laws to predict and explain the

behaviour of physical systems abstracted from phenomena’’ (Suppe 1989, p. 68).

‘hard’ data ‘sophisticated’
data’

theoretical 
principles

data model 
empirical

model
theoretical 

model

theoretical
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theoretical
model
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C, R 
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Some kinds of inference: 
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- O
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: optimisation
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- C: concretisation 
- R: reduction 
- P: practical inference 

Fig. 3 Different types of inferential moves in the construction and testing of models
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Suppe considers ‘‘hard data’’ idealised descriptions of phenomena, which are more

or less accurate depending on their degree of idealisation. What we do, in fact, is

make more precise our descriptions of the facts and increase the predictive and

explanatory power of our data models. We select some relevant parameters

(abstracting from the rest) and idealise them. The data determination consequently

becomes a complex process of elaboration from the phenomena, involving a great

number of theoretical principles and assumptions related to parameter selection,

their measurement, and the choice of boundary conditions. At the same time, we

could even re-describe the data for theoretical purposes and revise them if

something goes wrong during the process.

All these deformation procedures have a common structure. The idea is that by

imagining counterfactual conditions we are departing more or less from a fixed

world. As we have already stated, this idea resembles Lewis’ notion of distance

between possible worlds (Lewis 1973), in which the actual world is fixed by the

context (and may, in fact, be another idealised model). In a broader philosophical

discussion, Nozick (2001, pp. 148–155) highlighted the importance of distinguish-

ing between different ‘‘degrees of contingency’’, meaning that statements that are

contingently false may be true in possible worlds that differ from our actual world in

very different ways.4 We will use the same term, ‘‘degree of contingency’’, to mean

that idealisations may differ in many different ways from the ‘‘actual world’’. In this

sense, our approach supports Mäki’s ‘‘isolationist’’ understanding of models.

Let us now briefly sketch our approach.5 Idealisations could be analysed as

statements (Si) that are the consequent of certain counterfactual (or subjunctive)

conditionals, in which the antecedent expresses the ideal (or virtual) conditions (Ci)

under which the idealisation holds. We could use the term ‘‘idealised law’’ for the

whole conditional, and for the antecedent we could just use the term ‘‘ideal

conditions’’. The structure would then be: C1,…, Cn ) S1,…, Sk, where C1,…, Cn are

the ideal conditions, S1,…, Sk are the idealisations, and the connective ‘‘)’’could be

understood in terms of Lewis’ semantics for counterfactual conditionals.

Our basic intuition is that ideal conditions may have different degrees of

contingency, or may be contingent in relation to different aspects:

(i) At the highest degree of contingency, C1,…, Cn are completely idealised in the

sense that they contradict some accepted theoretical principles.

(ii) C1,…, Cn are contingently false but conflict with well-established empirical

regularities.

(iii) C1,…, Cn are also contingently false but do not conflict explicitly with a well-

established regularity. In any case, we have strong reasons to believe that they

are false in the actual world and can only be approximately met under

experimental control.

4 The intuitive idea is that a statement holding in � of all possible worlds will have a degree of

contingency of �. Later he interprets this in terms similar to those of David Lewis. The degree of

contingency of a statement S in the actual world is the maximum degree of closeness of the worlds in

which S does not hold with respect to the actual world.
5 Adapted from Arroyo and de Donato, The structure of idealization in biological theories, unpublished

manuscript.
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(iv) C1,…, Cn are purely contingent assumptions that, despite not seeming

plausible, we do not even know if they are true or false in the actual world.

Again, the present classification is not exhaustive, and only purports to illustrate

what we understand of idealisation.6 It should also be remembered that these

different types of idealisation normally occur in different combinations, so that the

structure of scientific theories may exhibit a very complex network of ‘‘multi-level’’

idealisations. The main idea is that a theory (or a law or a model) is formed of

idealisations that hold under conditions ranging from (i) to (iv). This is needed if we

would like a theory (or law or model) with heuristic, epistemic and cognitive

virtues: if it were too idealised in the sense that it only contained ideal conditions of

type (i), then it would be practically impossible to have concretisations because it

would have no realistic connection to the actual world. However, theories have their

great explanatory power (and other epistemic virtues) precisely due to these highly

idealised conditions, for these assumptions are what make the working of their

inferential machinery possible. On the other hand, if the ideal conditions involved

were very likely to occur in the actual world, i.e. if they were only ideal cases of

type (iv), then the theory would not be fruitful enough because once it had been

concretised it would not have anything else ‘‘to say’’. From an inferential point of

view, it would not be fruitful as an inferential tool.

Weisberg (2007) referred to the different (and incompatible, in the sense of being

not achievable together) representational goals involved in idealisation. Different

forms of idealising are frequently based on different representational ideals.

Galilean idealisation, which is the kind involved in thought experiments, the

isolation of systems, and approximation and optimisation techniques, is used in

order to achieve simplicity and manageability in the process of calculation and

measurement, whereas idealisation as a method for seeking the main causal factors

that have an influence on a certain phenomenon is more focused on discovering the

real causal structure behind a class of phenomena. In this case, idealisations allow us

to infer general causal hypotheses, which will in turn allow us to infer causal

explanations of concrete phenomena. Concretisations are thought to achieve

completeness and accuracy in the description of real systems. They allow us to

make more accurate and precise inferences, which if successful will give to the

theory a particular degree of enlightenment.

4 Are Good Scientific Models Representations of Credible Worlds?

As noted above, according to Sugden (2002), the main role of idealised models is to

allow a particular kind of inductive inference about real systems (i.e. at least some

conclusions of those inferences are about the real world): in a similar way to how

we make inferences from some observed real cases to other unobserved real cases,

or from some individuals to others (if the latter are analogous or similar ‘‘enough’’

6 This may be related to Mäki’s idea (this issue) that isolation could be seen as a linear process, at one

end of which is a real system, and at the other an abstract system; what we are adding to this view is that

the different steps of the isolation process involve different kinds of modalities.
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to the former; e.g. inferences about molecular genetic mechanisms in all animals,

starting from the study of a few species), we might also infer something about a real

system from what we learn from an imaginary system if this is analogous or similar
in a relevant way to the real case. This similarity is surely not only to do with the

relation between the formal structures of the real and the imaginary systems, but

arises mainly from the causal factors present in both cases (although, after all, what

we compare is the mathematical or logical structure of those causal factors). This

could be connected to other approaches to explanation and idealisation, such as

those of Uskali Mäki, Michael Strevens and Frank Hindriks: according to these

views, idealised models are explanatory because they make (approximately) true
statements about isolated causal factors. An idealised and in this sense ‘‘unrealistic’’

model can explain some real phenomena if it just describes the way in which the

real causal factors operate. If the suggestions put forward by Mäki, Strevens and

Hindriks are right, then so is Sugden’s, for an idealised model would be a system in

which we ‘‘observe’’ the operation of some causal mechanisms, and we can draw

empirically valid conclusions from this ‘‘observation’’. As in the case of a controlled

experiment, in the idealised model we ‘‘observe’’ (usually, more clearly than in the

real world) the working of the mechanisms we wish to study. Thus, Sugden’s view

of models can be resurrected in the thesis that economic models are thought
experiments, in spite of his own claims against equating the two (cf. Sugden’s paper

in 2009). We thus tend to support Mäki’s claim that the ‘‘isolationist’’ and the

‘‘inductivist’’ views of models are not so different. Our reason is that what allows

the making of an inductive inference from the model to the real system is only the

belief that the model rightly includes aspects that, in the real world, produce the

phenomenon our inferences are about.

Sugden’s approach indicates a very important aspect of the use of models.

However, we think that his use of the concept of ‘‘credibility’’ is confusing, and

mixes the two different elements of the value of a hypothesis we have identified so

far: idealised models are not simply ‘‘isolated’’, but often describe situations that we

know perfectly well cannot exist. Sugden’s favourite examples (Akerlof’s ‘‘market

for lemons’’ and Schelling’s ‘‘checkerboard segregation model’’) are cases that

might perhaps be approximated in a real situation, but many other successful models

have different ‘‘degrees of contingency’’ (as we called it in Sect. 3). This may be

due to the existence of ‘‘infinity assumptions’’, such as in economic models

assuming that information is perfect and quantities infinitely divisible, or in physical

models assuming infinite planes. On the other hand, models may describe

impossible situations because they describe them by means of mutually contradic-

tory theories (as with many solid-state models). In all these cases, we know for sure

that the modelled system could not have been real, and so we cannot ‘‘believe’’ that

it is. The model is completely incredible (cf. Grüne-Yanoff 2009). However, even in

this case it may be extremely enlightening (with the type of enlightenment that one

could also derive from literary fictions, for example; cf. again Grüne-Yanoff’s

classification of types of credibility).

The difference between credibility and enlightenment relates to the distinction

between the two goals we may try to fulfil when adding a new claim to our set of

commitments. As we have shown, on the one hand the new claim H (i.e. the set of
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claims of which the description of the model consists, together with the propositions

claiming that it represents some aspect of the world, or is to some extent applicable

to it) will be more or less valuable for the same reasons why we have to think H (or

the relevant part of it) is true or approximately true, which depends, in turn, mainly

on two factors: the number and quality of right ‘‘predictions’’ H allows, and whether

the accepted inferential norms allow H to be derived from other commitments.

Models that are valued mainly according to this criterion are intended as a form of

discovery: what we want from them is to know how the world is, what structures,

forces, mechanisms and entities exist that are not manifest in what we know up to

now. Of course, these models attempt to explain some facts, but that they

successfully explain them is just one of the reasons why we are promoting our claim

that we have discovered something real in the world.

On the other hand, the new claim H may be valuable because of the easiness and

fluency it induces in our capacity to navigate the network of inferential links

according to which our box of commitments is structured. Basically, the value of a

model may derive from the new reasoning strategies it allows to be implemented,

i.e. in the way it combines old inferential norms in order to create new ones.7 It can

do this by different means: for example, it could amount to the discovery of a new

algorithm, it may provide a new heuristic suggesting how to connect several

collections of independent data, or it could simply allow the derivation of a known

anomalous fact from previously accepted claims. For example, Akerlof’s ‘‘market

for lemons’’ story succeeded particularly in showing how to apply rational-choice
modelling to many market situations that had not been taken into account in

neoclassical theories (i.e. those with information asymmetry); the point of his theory

was not to claim that there were (or could be) real cases in which the very simplified

conditions defining his toy examples, or something very similar, were met, but to

show (in his own words, as a ‘‘finger exercise’’) the direction of a research

programme capable of delivering much more detailed and predictively successful

models.

Therefore, we argue that the likelihood or realisticness of models (their

‘‘credibility’’) is not in itself a good measure of their acceptability. According to

Sugden, idealised systems are those that could be real, defined only by low-level

contrary-to-fact conditionals, a kind of thought experiment, which in principle could

be realised, but in practice cannot for practical or fundamental reasons. In this sense,

Sugden seems to follow Atkinson’s approach to thought experiments (see Atkinson

2003). According to the latter, ‘‘thought experiments […] are of value only when

they are related to or inspire real scientific experiments’’ (2003, p. 209). Atkinson

claims that this is at least the case in physics. Even this is highly debatable,

however: there are frequently idealisations (idealised models) in physics that are

defined by ideal conditions and are impossible to realise (this is one of the reasons

why certain kinds of thought experiments are criticised as effective forms of

7 If inferential moves are viewed as a kind of cognitive operation of the mind, it is possible to distinguish

two different systems of reasoning (cf. Carruthers 2006, p. 254 ff): one operates in parallel, usually in a

quick, automatic and unconscious way, and is constituted of innate mechanisms, and the other supervenes

on the operation of the first, usually through conscious inner speech, and depends on culturally

transmitted combinations of simpler inferential norms.
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reasoning in science). The assumption of counterfactual conditions, in other words

the counterfactual deformation of real situations, seems to be essential to the

structure of thought experiments, as shown in Sorensen (1992), having the purpose

of excluding spurious possibilities and also of showing that others are perfectly

genuine. If this is the usual case in physics, it seems to be true for stronger reasons

in economics. ‘‘Credibility’’ in Sugden’s sense cannot then be the measure of the

acceptability of models as ‘‘good models’’. Unrealistic models are valuable, on the

other hand, because (and when) they show us how to fruitfully apply to new cases

the theoretical principles and inferential norms we knew from before, but were

unable to use in those cases. Good unrealistic models are, hence, those that are

enlightening.
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Suárez, M. (2004). An inferential conception of scientific representation. Philosophy of Science, 71, 767–779.

Sugden, R. (2002). Credible worlds: The status of theoretical models in economics. In U. Mäki (Ed.),
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1. Introduction 

 

In the present paper, we defend an inferential account both of explanation and scientific 

modelling. Our account is “comprehensive” in the sense that we assume a pragmatic 

perspective that tries to capture the intrinsic versatility scientific models and 

explanations may adopt in the course of scientific discourse. This inferential-pragmatic 

view is essentially inspired by the work of Robert Brandom in the philosophy of 

language (see Brandom 1994 and 2000), but takes elements from other authors, mainly 

from argumentation theory and epistemology. As many philosophers of science that 

favour an inferential perspective, we see scientific models as inferential tools that help 

to extract inferences about the target in relation to specific goals. In this sense, models 

can be understood as consisting of sets of interconnected commitments and inferential 

norms allowing us to explaining and predicting phenomena in a relevant way (we 

develop this in de Donato and Zamora-Bonilla 2009). Likewise, explanation can be seen 

as a particular form of speech act understood according to a pragmatic-inferential view 

that allows to capturing the versatility of explanation. This is our main goal in the 

present paper. 

 

 

2. An inferential approach to scientific discourse and inquiry 

 

Scientific discourse, like all kind of discursive practice understood as the game of 

giving and asking for reasons (to use a well-known expression introduced by Wilfrid 

Sellars), is implicitly normative, as it includes assessments of moves as correct or 

incorrect, appropriate or inappropriate (see Brandom 1994, 159). It would not seem a 

too unnatural move to apply Brandom’s distinction to scientific discourse and this is in 

fact what we aim to do. We will distinguish between: 

 

•  commitment: something that a scientist is committed to believe because it is   

       a principle, a general law or a methodological rule unanimously recognised as  

       such by the community which she belongs to, or because it logically follows  

       from other commitments. 

 

•  entitlement: something legitimate for a scientist to be believed or claimed   

       because there are good reasons (including those provided by inductive 

       methods, analogy or abduction and those provided by testimony and  

       authority). 

 

According to this inferential view of the “game of science”, there is a kind of internal 

normativity in scientific discourse governing the significance of changes of deontic 

status, which specify the consequences of such changes, link various statuses and 

attitudes into systems of interdefined practices. As Brandom (1994) puts it, 

acknowledging the under-taking of an assertional commitment has the social 



consequence of licensing or entitling others to attribute that commitment (this is crucial 

to the rational debate between groups of scientists). Brandom distinguishes 

intrapersonal as well as interpersonal inferences. There is indeed a kind of social 

inheritance of entitlement and, in this process, the content of the commitments is 

preserved intact. To adopt a certain attitude has consequences for the kind of 

commitments the participants in a scientific discussion are entitled to assume. In this 

sense, participants in a rational discussion are committed to do certain moves and 

exclude others provided the context of the discussion and the situation which they 

depart from. Following the discussion in a rational way involves in part taking these 

commitments into account and preserving them. Not surprisingly, this perspective (or a 

form which is very near to it) has also been adopted in argumentation theory. For 

example, Walton and Krabbe say in a book on Commitment in dialogue, highlighting 

the normative character of interpersonal reasoning:  

 

“Therefore, in order for argumentation to have enough platform of stability and 

consistency to make sense or be reasonable (and, in fact, rational) as a dialogue 

unfolds, it is necessary that an arguer’s commitments be fixed in place. If 

someone keeps denying propositions she has just asserted, or keeps hedging and 

evading commitment whenever it appears, her argument may be automatically 

defeated, since you can never get anywhere with this arguer. Arguing with her 

becomes pointless.” (Walton and Krabbe 1995, 10). 

 

Within the pragma-dialectical model of argumentation defended by van Eemeren and 

Grootendorst (2004), an approach that has become very influential in argumentation 

theory, externalization of commitments is achieved by investigating exactly what 

obligations are created by performing certain speech acts in the specific context of an 

argumentative discourse or debate. Acceptance or disagreement are not just states of a 

particular mind, but they stand primarily for undertaking public commitments that are 

assumed in a rational discussion and can be externalized from the discourse. So they 

have a social and pragmatic dimension (see van Eemeren and Grootendorst 2004, chap. 

3, 42 and ff.)
1
. As Walton and Krabbe, van Eemeren and Grootendorst want to insist on 

the normative character of the exchange of reasons and arguments undertaken in 

rational discussions. 

 

If we speak of the “game of science”, different kind of norms may be 

distinguished (see Zamora-Bonilla 2006): (i) internal norms: inferential norms and 

epistemic norms evaluating the epistemic   quality of our claims and theories; (ii) entry 

norms: norms about authority and about evidence gathering (i.e. how empirical 

observations are to be carried out and intepreted); (iii) exit norms: norms that regulate 

things like publication, jobs, prizes, funding, or academic recognition. About epistemic 

norms, in de Donato and Zamora-Bonilla 2009, we have developed an inferential 

picture of scientific modelling according to which models consist of sets of 

interconnected doxastic commitments and inferential norms, some of the latter made 

explicit by formal rules and other taking the form of practices. We characterize there a 

model (or representans) as an inferential machine to which an intendended 

interpretation is associated and that represents a certain real system (or 

representandum). This relation between representans and representandum can be 

modelized in different ways. 

                                                 
1
 See Kibble (2006) for an attempt of formalization; of course, certain aspects of Hintikka’s interrogative 

model of research can be seen as belonging to this family of approaches. 



 

There is already a well known literature defending an inferential view of 

scientific models (see, for example, Swoyer 1991, Hughes 1997, Suárez 2004, Contessa 

2007, Bueno and Colyvan 2009). Our main contribution is to defend an inferential 

account of models according to a pragmatist view similar to that of Brandom. We have 

applied it to the process by which a scientific claim becomes accepted among the 

relevant research community
2
. Taking this perspective into account, it is seen as a 

desideratum that the addition of a model (of a new claim or hypothesis) to the corpus of 

our commitments serve to increase the ratio of successful inferences to not so successful 

ones. At the same time, the model should increase the number and variety of inferences 

we were able to draw from the rest of our commitments and help us to reduce the 

cognitive (computational) costs of the activity of drawing consequences, either doxastic 

or practical. In general, the value of a new commitment (or of the inferential patterns 

that generates it) will depend on its ‘size’ (the number of questions it answers), its 

coherence (especially between those commitments derived from others, and those 

derived from perception), and its manageability (models should allow to draw many 

consequences at a low cognitive cost). In the same paper, we also give a list of possible 

virtues a good model should have: adequacy, versatility, ergonomics, and compatibility. 

According to this picture, a model might not only be good for explaining a certain set of 

phenomena, but also for being capable of making more coherent and workable our 

network of previous commitments. We label this capacity as enlightening. More about 

this comes in the next section. Before we go into it, let us make two important remarks 

regarding the status of commitments: firstly, commitments can be explicitly 

acknowledged or consequentially (and therefore implicitly) assumed; secondly, the 

status of a commitment to which the participant in a debate is prima facie entitled is not 

permanent: the legitimacy of an assertive commitment can be challenged at any time, 

whenever it is challenged in an appropriate, reasoned way.  

 

This extrapolation of the idea of commitment to the context of scientific 

knowledge is not new. Polanyi (1958) argued that scientists must be committed to the 

cause of science and that commitment plays an essential role in the actual pursuit of 

scientific knowledge, in contexts such as discovery, observation, verification, or theory 

construction. In fact, he contends that scientific inquiry is possible only in such a 

context of commitment. It is even passionate commitment what has led to scientific 

controversy (in the sense of rational discussion of alternative and opposite hypotheses) 

and the growth of scientific knowledge
3
.  

 

 

3. Explanation in scientific dialogues: credibility vs. enlightening 

 

We depart from a pragmatic and dialectical perspective of explanation. Walton 

(2004 and 2007) offers a good example of what we have in mind. Basically, if you are 

taking part in a dialogue (i.e., in any linguistically mediated practical situation), your 

commitments are those propositions the other speakers are allowed to take as premises 

in their reasoned attempts to persuade you of other sentences, or, as it often occurs, in 

their attempts to persuade you of performing some actions. The dialogue takes place 

according to a set of norms that tell what inferential links between commitments (and 

                                                 
2
 See de Donato and Zamora-Bonilla (2009). 

3
 See Hall (1982) for a comparison between Polanyi’s account of commitment in science and Popper’s 

methodology. 



between commitments and actions or events) are appropriate, and that partly depend of 

the type of dialogue we are dealing with. Of course, the process of the dialogue can 

force the agents to retract some commitments or adopt new ones. Furthermore, and 

importantly, it is not strictly necessary that a speaker believes all her commitments, 

though we may assume that the norms of a dialogue should tend to make consistent 

one’s commitments with one’s beliefs. The basic difference is that we cannot have a 

belief at will, whereas we often undertake or retract some commitments voluntarily, and 

we even have a certain degree of control over the set of our commitments by 

strategically selecting those ones that (according to the inferential norms of the dialogue 

we are immersed into) will lead us to have the most beneficial set of commitments (ask 

any politician if you are in doubt). 

 

Walton’s paradigmatic example of explanation is the case where somebody 

wants to do something (e.g. a photocopy with a new machine) and does not know how, 

and then asks somebody else to ‘explain’ her how to do it. A better example for our 

purposes would be the case where the photocopy does not come out well even when you 

think you are strictly following the machine’s instructions, and then you ask someone 

more expert for an explanation of your failure. This case shows that the reason why you 

want an explanation is because you expected the machine to work well. In the terms 

introduced before, the expert and you are committed (or so you think) to certain 

propositions describing the proper functioning of the machine; from these 

commitments, together with your actions and the inferential rules applicable to the case, 

you are led in principle to a new commitment of the form ‘the photocopy should come 

out well’, but the observation of the actual result commits you to the proposition that it 

comes out badly. What you demand from the expert is some information about which of 

your previous commitments you have to retract of (‘it’s not here where you must put the 

paper’), what new ones you have to add (‘you also have to press here’), what of your 

inferences were ill grounded, which new inferences you can do from formerly 

entertained commitments,
4
 or what facts about the machine are making it not to function 

properly. So, in general, we can say that, in a dialogue, it is justifiable for agent A (the 

explainee) to ask other agent B (the explainer)
5
 for an explanation of a proposition P if: 

 

 (a) A and B are committed to the truth of P, and 

 (b) some of the other common commitments (or at least what A takes these 

commitments to be) would make proposition P untenable. 

 

 By ‘untenable’ we mean that P stands in some relation of opposition or 

incompatibility with respect to other statements, though this opposition need not be as 

strong as a logical contradiction. It can be just that the explainee has some reason to 

think that P ‘should not’ be the case, or even that he does not want P to be the case. It is 

relevant to note here that the inferential norms governing actual dialogues do not only 

reduce to the principles of formal logic, but also facilitate many material inferences. 

This is in part what explains that we are so often in the situation of having to accept 

incompatible propositions, because, if we only were allowed to use the rules of logic, 

                                                 
4
 In contrast with what Hilpinen (2005, 202) suggests, an explanation can start from some 

premises you already knew, just that you didn’t notice that the explanandum followed from 

them. As a matter of fact, many of the ‘explanations’ offered in economics about the recent 

changes of economic variables comes from known premises. 
5
 The terms of ‘explainer’ and ‘explainee’ are used, for example, by Goldberg (1965) and other 

authors. 



plus assertions describing our direct experiences as input-commitments (as the first 

logical positivist dreamed of), then no contradiction could ever exist in our set of 

commitments. On the other hand, it is because actual inferential rules are 

informationally much stronger than mere logical rules, that we can have the amazingly 

rich sets of commitments (i.e., ‘knowledge’) we have. But, of course, it is this richness 

what very often produces the kind of incoherence that leads us to ask for explanations. 

Of course, other types of speech acts can count as ‘explanations’ in some cases, but we 

shall assume in the next sections that this function of ‘incompatibility removing’ is the 

most characteristic one in the case of science, and we can even perhaps defend that, in 

any other linguistic or cognitive process that we can reasonably call ‘explanation’, there 

is an essential room for the unblocking of the smooth flow of inferences that 

incongruence removal tends to facilitate. For example, in a recent survey on the 

psychology of explanation, Keil (2006, 133ff.) makes a casual list of things daily 

explanations are for (favouring prediction and diagnosis, rationalising actions, and 

allowing responsibility adjudications) in all of which it is clear that, once we are 

provided with an explanation, we have an improved capacity of making new inferences 

(as Keil says, by knowing “how to weight information or how to allocate attention when 

approaching a situation”, Keil 2006, 234). Even in the remaining case quoted by Keil 

(aesthetic pleasure, in which he includes merely epistemic explanations), it would serve 

to “increase appreciation (…), providing (us) with a better polished lens through which 

to view the explanandum” (ibid.). 

 

 

        4. Explanation in scientific dialogues: credibility vs enlightening. 

 

 One aspect that could seem odd of Walton’s dialectic theory of explanation 

(DTE), particularly when applied to science, is the fact that it understands explanation 

mainly as a relation between two agents (the explainer and the explainee), rather than 

between two sets of propositions (the traditional explanans and explanandum). 

Certainly, Walton’s theory assumes that the explainer already knows an explanation the 

explainee ignores, and, hence, the theory is mainly devoted to analyze the intricacy of 

the norms and strategies the agents have to follow in order for the dialogue to be 

successful under those circumstances. But in the case of science the most essential point 

is obviously the search for explanations. Nevertheless, that this difference is not as 

important as it might seem at first sight. For, first, also in non-scientific cases it is often 

the case that the explainer needs to look for an ignored explanation. And more 

importantly, in looking for an unknown explanans, a scientist has to take into account 

whether her proposed explanation will count as acceptable when displayed to her 

colleagues, and hence, having an idea of what makes an explanatory speech act 

successful is as relevant during the dialogue that before. We have argued elsewhere that 

it is useful to understand the process of scientific research as a dialogical interaction, at 

least in order to make the epistemic rationality of science consistent with the fact that 

the pursuit of recognition is a basic force behind the decisions of scientists concerning 

their research and publication strategies (see Zamora-Bonilla 2002 and 2006). The 

question we are dealing with here refers to the types of reasons you can give in order to 

persuade your colleagues that your proposal is acceptable. Seeing explanation as an 

argument whose logical dynamics ‘goes’ from the explanans to the explanandum, either 

in the traditional accounts of explanation as in Walton’s DTE, tends to obscure the fact 

that, in most cases, scientists use such a kind of arguments to persuade her colleagues of 

accepting the particular explanans they are proposing. In this game of persuasion, 



explanations are used as moves directed towards the acceptability of an explanatory 

hypothesis or model. This is why, even in spite of its logical or mathematical 

shortcomings, ‘inference to the best explanation’, or something similar to it, is a 

strategy frequently used by scientists: from their pragmatic point of view, the problem 

is not only whether T’s being the best available explanation of some facts ‘proves’ that 

T is true or highly probable, but also whether T surpasses or not the quality level that 

the norms governing the dynamics of commitments establish for a theory to become 

acceptable.
6
 So, in the game of persuasion, being T an explanation of some fact is just 

one of the possible ‘good reasons’ that you are accumulating in order to persuade your 

colleagues that T must be accepted. 

 

The question is, hence, what role do explanatory arguments play within the 

dialogues science consists in? Our proposal is to look at this question by discussing in 

the first place what is, for a scientific community, the value of having a specific set of 

commitments (or, in old fashioned language, a certain ‘corpus of knowledge’). In 

everyday situations, this value derives from the degree of success of those actions our 

practical commitments command us (or allow us) to perform, though it can also be true 

that having some merely doxastic commitments also gives us some kind of cognitive 

satisfaction when they are successful (e.g., when our predictions are fulfilled, even if we 

don’t win anything else from it), and sometimes independently of any kind of empirical 

validity (e.g., when we adopt a certain religious dogma). In the case of science, 

however, the relative weight of practical and epistemic criteria for assessing the value of 

a set of commitments are probably reversed to some degree, though this does not mean 

that practical success is unimportant; actually, from a social point of view the value that 

most citizens attach to science, and what justifies for them that their income is partly 

transferred to scientific research, comes out of the practical things scientific knowledge 

allows to do. So, ceteris paribus a scientific community will attach a higher value to a 

set of epistemic commitments if the latter allows to deriving more practical or 

technological right predictions. Of course, predictive capacity is an internal goal as 

well, not related in this sense to technological applications; this has to do in part with 

the fact that scientists derive a satisfaction from having been lead to the right 

commitments, for successful prediction is a way of judging just this. By the way, we 

might call ‘prediction’, in the most possible general sense, any propositional 

commitment that can be derived from more than one subset of the commitments you 

have, or in more than one independent way, according to the inferential rules which are 

applicable (when one of these alternative lines of derivation is from our commitment to 

accept some empirical results, we would talk of an ‘empirical prediction’).
7
 So, giving 

us the capacity of making useful and right ‘predictions’, in this general sense, would be 

the main factor explaining the value of a set of commitments (see section 2 of this 

paper). 

 

On the other hand, predictions have to be carried out by means of arguments, 

and performing arguments in a proper way, according to the relevant inferential norms, 

can be a very difficult and costly activity, both psychologically and technically 

speaking. So, a second ingredient of the value of a set of commitments is the relative 

easiness with which it allows the inferential moves that lead us from a set of 

                                                 
6
 See Zamora-Bonilla (2002 and 2006) for a model about the choice of that quality level. 

7
 In this sense, even the proof of a mathematical theorem is a ‘prediction’, since by considering 

it a theorem the mathematical community ‘bets’ that a counterproof will not be discovered, and 

that alternative proofs can be envisaged. 



commitments to others. Take also into account that one commitment can be more or less 

strong, i.e., its acceptance within a community can be more or less compulsory, and the 

inferential links will work more smoothly (at least in the sense of allowing less 

disputes) the stronger the relevant commitments are, ceteris paribus. Hence, the more 

contested by anomalies a theoretical commitment is, the less confidence the scientists 

will have in adding to their corpus of commitments the ones entailed by the former (its 

‘predictions’). 

 

This ‘ergonomic’ aspect of our sets of commitments is what we suggest to 

identify with the notion of understanding: we understand something (better) when we 

are able of smoothly inserting it into a strong network of (as many as possible) 

inferential links, in such a way that many new (right) consequences are derivable thanks 

to it.
8
 According to this view, it is reasonable to assume that scientific communities will 

have developed inferential norms that make it more acceptable those theories, 

hypotheses, or models that are more efficient in allowing, in the first place, to derive the 

highest possible number of right predictions (in the general sense indicated above), and 

in the second place, to increase in the least possible way the inferential complexity of 

the arguments employed in the discipline, or even to reduce it from its current level of 

complexity and difficult. The differences in the norms of different communities can be 

due in part to the relative hardness of attaining these two goals, or the specificities of the 

methods which are more efficient for doing it in every field of research. So, in general, 

when a scientist shows that the hypothesis she is proposing (H) ‘explains’ a known fact 

or collection of facts (F), this can make her model more acceptable because of two 

reasons: first, that H entails F is just an argument for the empirical validity of H;
9
 

second, if F was an ‘anomalous’ fact, i.e., one colliding what other accepted models or 

theories in the field, then H’s entailing F allows to introduce the latter into a more 

coherent network of inferential moves, reinforcing by the way the strength of the core 

theoretical commitments of the discipline. Stated in other words, the value of the new 

theoretical commitment H will depend on two sets of considerations: in the first place, 

those that make it for a research community reasonable to accept the new commitment 

because of its truth (depending on the field, different degrees or types of approximate 

truth will be allowed, of course), and in the second place, those that make it reasonable 

to accept it because of its capacity in making more coherent and workable the network 

of commitments and inferential links of the discipline. We suggest to call “credibility” 

and “enlightening” these two general factors, respectively. In principle, ‘good’ theories 

must be good in both senses, though obviously some theories can be better in one of 

them than in the other, and under some circumstances a very high performance in one 

sense can compensate for a not so high level attained in the other. And, of course, 

different disciplines can attach a higher value to one of the reasons (as, by the way, they 

can attach different weights to the factors determining the value of each reason), 

reflecting the relative difficultness or benefits associated to each in the corresponding 

field.  

 

A reason why a pragmatic-inferential approach to explanation should deserve 

attention will be that it allows to understanding why so many different “theories” of 

                                                 
8
 Robert Brandom, by equating the meaning of a concept to its set of inferential links to other 

concepts, explains also the notion of ‘understanding a concept’ just as the capacity of 

performing in a proper way those inferential moves. See Brandom (1994, 85 and ff.). 
9
 By the way, what is important here is just that F logically follows from H, not that the latter 

explains the former in a causal, functional, or any another specific sense of ‘explaining’. 



explanation have had some conceptual appeal. Think of theories identifying explanation 

with, for example, understanding, deduction from laws, identification of causal 

processes, identification of functional or identification of intentional processes. These 

different perspective may well be and have been shown to be appropriate depending on 

the context, but none could have been erected as the correct approach, subsuming all the 

others. In this sense, there is a part of truth in the nihilistic theories of explanation, 

according to which there is nothing substantial which is common to all kinds of 

explanation that we may correctly distinguish. Our pragmatic-inferential approach 

would be able to account, in inferential-pragmatic terms, for the reasonability of each of 

the different approaches just considered, because they would be easily interpretable in 

terms of nets of appropriate inferential links. A pragmatic-inferential approach as the 

one defended here could interpret each kind of explanation as saying us which is the 

relevant inferential link in order to use it in an appropriate argument in a given context, 

i.e. which kind of inferential link are we entitled to use in a given argumentative 

situation.  

 

 

        5. Conclusion 

 

We have endorsed a pragmatic-inferential view of models and explanation. We have 

sketched the main line of this view in the precedent sections. To conclude, let us now 

say something about which general implications for epistemology this view amounts to. 

Elsewhere, we have endorsed a view of epistemic values according to which good 

epistemic procedures are not those that create the value of their outputs, but those that 

help us to identify the outputs that are valuable in order to attain our expected goals 

(provide right, simple and accurate predictions, to give appropriate explanations for 

surprising phenomena, to develop faster computer machines allowing us to do specific 

operations…). We should perhaps give up the Cartesian project of giving universal 

norms and criteria for the value of knowledge and concentrate our efforts as 

epistemologists in trying to delimit our world of rights and duties taken the appropriate 

context into account.  According to this picture, epistemic norms are not universal, but 

they depend on our epistemic standards and specific goals. So they can change, as well 

as our inferential norms, if necessary, in favour of other norms that allow us to better 

results. A crucial aspect is that epistemic normativity has essentially a social dimension 

and that the epistemic agents are groups and institutions rather than mere individuals. 

What is the value of a particular norm in a given context, when we face a particular 

problem, should be a point of discussion of the members of these groups and institutions 

and cannot be decided a priori by conceptual analysis. 
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11 Conversation, realism, and
inference

Revisiting the rhetoric vs. realism
dispute

Jeszs Zamora Bonilla

But wait. Before you go, look here oer at the blackboard. I’ve got a seet
diagram of an Edgeworth box that shows the mutual benefit from intellectual
exchange. No suppose to start with we make the assumption that both parties
are self-interested...

(Deidre McCloskey 1994: 363)

1 The rhetoric—realism debate: are we all rhetorical realists
after all?

Though the debate about ‘rhetoric’ and realism’ in economics (or in science
more generally) is not now as intense as it used to be a couple of decades ago.
it has undoubtedly atTected, in a very intense way, the way most philosophers
currently regard scientific knowledge and scientific research. I shall offer in
this chapter a personal account of how I see the main concerns of this disputa
tion, I will focus mainly on the debates between Uskali Mäki. on the one hand.
and Deirdre McCloskey and Daniel Hausman. on the other, and also on how I
think the tension between rhetoric and realism has influenced the understand
ing of science that I have been trying to elaborate during the last twenty years.

For someone who entered the field of philosophy of economics at the begin
ning of the nineties, the dispute about (or the quarrel between) ‘rhetoric’ and
‘realism’ was certainly one of the hottest topics. The main protagonists were
Donald (later Deirdre) McCloskey and Uskali Mäki (McCloskey 1985, 1995:
Mäki 1988, 1995. 2000). I was by that time profoundly immersed, on the one
hand, in something like the Finnish approach to scientific rationality, in the
exciting (though now dismally languishing) ‘verisimilitude programme’ in par
ticular; on the other hand, in a struggle to give a significant role to the subjec
tive views and biases of flesh-and-bone scientists in the construction of the
concept of verisimilitude, I found myself, like many people in the really inter
esting intellectual disputations, with a painfully divided heart on this issue. To
a large extent. I think this has also been the fundamental attitude of the two
main participants in the debate: both McCloskey and Mäki have been con
stantly trying to make sense of the arguments and positions they were criticiz
ing. and, though this unavoidably led many times to what had to appear as a
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misunderstanding from the point of view of the other field, it had the conse
quence of approaching the rival positions through ‘metabolizing’ some of the
rivals’ ideas. After all, this is one of the ways in which sound intellectual prac
tices flourish and grow. In a nutshell, at the beginning of the debate sparked by
the publication of McCloskey’s The Rhetoric ofEconomics (1985), there was a
lot of noise due to the fact that, at least since the times of Plato and Aristotle,
the term ‘rhetoric’ had been used in two different senses: one positive and one
negative. According to the positive, or at least neutral sense (exemplified by
Aristotle) rhetoric amounts to everything that can be done in order to persuade
an audience. In this sense, rhetoric includes logic as well as anything else we
could call the ‘canons of rationality’, but is obviously not limited to these. The
negative sense (exemplified by Plato) explicitly took the term ‘rhetoric’ to
refer to those means of persuasion that are not logically (or ‘rationally’) valid.
There is no need to insist that this negative sense is the one that has become
more common in ordinary usage. McCloskey and other defenders of ‘eco
nomic’ or ‘scientific’ rhetoric tended therefore to be interpreted (and not to a
lesser extent because of the delectation these authors showed in debunking
such ‘myths’ as the — upper case — ‘Truth’, ‘Objectivity’, ‘Realism’, or
Rationality’) as telling that economic or, in general scientific, knowledge is

‘just’ the result of a set of persuasion strategies not at all related to the objec
tive truth of the claims of which economists or scientists were actually per
suaded. The Maki—McCloskey debate succeeded in making two points clear.
First, that ‘rhetoric’ was basically (and especially when the use of the ‘bad’
relativistic rhetoric in the pro-rhetoric proclamations was discounted) being
understood in the broad, positive sense, i.e.. the sense referring to the inescap
able fact that economic or scientific practices and discourses aim at persuasion.
Second, that persuasion strategies are not only constrained by contingent and
interest-driven rules (which would just reproduce the power status of each
individual or group participant in the ‘conversation’) but also by some ‘tran
scendental’ norms exemplified by some kind of Habermasian Sprachethik.
These include the goal of expressing the facts as they are — given the limits of
what we can know and express — and the norm commanding not to consciously
deceive others. These norms are usually implemented in different ways in dif
ferent contexts. The most plausible interpretation of the debate’s outcome is
that we now all agree (or so I assume) that science is a field of persuasion, and
that truth and objectivity are, in some relevant form, mandatory (though not
all-determining) constrains of the persuasion strategies that should be
employed.

A recent exemplification of this conclusion is Uskali N4äki’s paper on the
rhetoric of the neuroeconomics debate. There Mäki illustrates the use of some
strategies that he explicitly identifies as ‘rhetorical advantages’ (i.e., legitimate
references to standing scientific standards), and others that can be considered as
‘rhetorical excesses’ (i.e.. something more akin to ‘salesmanship promising’).
but that nevertheless might be ‘justified’ by taking into account the social and
cultural contexts of the disciplinary situation. This is mainly because

in contemporary science, such social success is a prerequisite for epistemic
success. The epistemic potentials of an emerging research programme
cannot be actualized (nor estimated) without mobilizing massive academic
resources in its support. Such resource mobilization requires overcoming the
resistance of prevailing disciplinary conventions.

(Mtki 2010: 114)

Regarding the other side of the debate, consider for example the following state
ment by McCloskey:

we are all realists of one kind or another (...) we are realists of whatever
sort because we all want to be able to use the rhetorical turn, ‘Such and such
is really the case, true’. We want to write history, for example, wie es
eigentlich gewesen.

(McCloskey 2003: 334)

Taking into account this proclamation (1 shall discuss in a moment the ‘anti-
realist’ tinge McCloskey immediately adds to it), we could even re-read the title
of the paper in which it appeared (‘You shouldn’t want a realism if you have a
rhetoric’) as meaning that ‘If you have a rhetoric, then you already have a
realism’ (or ‘all the realism you need’).

Nevertheless, from my point of view, the ‘rhetoric of science’ debate (see e.g.,
Gross 1990; Pera 1994) has left some very important questions unanswered. For
example: why are some persuasion strategies successful, i.e., why is it that people
happen to be actually convinced by them, instead of simply ignoring them? What
is the connection between the use of certain rhetoric strategies and the actual
attainment of other goals (i.e.. besides a scientist being successful at persuading
someone, is she also successful in reaching — thanks to this persuasion — those
goals for which the persuasion was an instrument, and what are the factors deter
mining this latter type of success)? Why is a rhetoric strategy more successful in
certain circumstances than in others (i.e.. can we get some understanding, not nec
essarily of something like a ‘universally valid rhetoric’, but at least of the factors
that explain why certain particular rhetorics function better or worse in certain par
ticular contexts)? Most of my own research has been devoted to illuminating some
or other corners of these intriguing questions through the construction of a family
of game-theoretic models of some persuasion-seeking activities of scientists.
However, my giving too much attention to the ‘persuasion’ side of these activities
may have led many readers to the conclusion that these models were just another
assault against the fortress of scientific rationality and objectivity. I have devoted a
recent paper (Zamora Bonilla 2010) to explaining in exactly what sense my game-
theoretic approach to scientific persuasion serves as a defense, rather than a criti
cism, of (lower-case?) objectivity and rationality. Nevertheless. I want to take this
opportunity to explore and clarif’ the connection of this approach with the ques
tion of scientific realism, which is the second (if not the most important) of the
topics on which Uskali Mäki’s work has focused.
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So, just in order to finish the framing of my discussion about realism within
the rhetoric debate and its unanswered questions, let me further comment on a
few of the rhetoricians’ statements on the topic. McCloskey, for example, says
in the paper just quoted that I’m denying that that there is a timeless Good
Argument for anything’ (2003: 331). Well, though not intending to fire all those
Platonist logicians or mathematicians that think and defend the universal validity
of many logical arguments from their departments, I would also accept McClos
key’s claim — at least in the sense that whether there is such a timeless Good
Argument is probably irrelevant to the working science. The problem is not
whether such an argument exists or not, but whether we can find an explanation
of why argument A is taken to be valid in context C. Even better if we can find a
general theory or model explaining, from the peculiarities of arbitrary contexts
and arguments, why certain arguments are more likely to be taken as valid in
certain contexts than other arguments, or why it is taken as valid in this context
rather than in different contexts. Below in the same page McCloskey adds a
science is a class of objects and a way of conversing about them, not a way of
knowing Truth now and forever’. But this is certainly not the whole truth:
science is not only that, for there are many ‘ways of conversing’ about the same
objects and most of these ‘ways’ are not considered by us as science.’ Hence,
the question is what is characteristic of the kinds of conversations that we call
‘science’, not as a universal demarcation criterion, but just as a description of
our use of the term? For example, people talking in the bar about the financial
crisis are just ‘having a conversation about a class of objects’, but what they do
is qualitatively different from what happens within a university seminar on mac
roeconomics (or so many of us think). Professional economists employ a specific
way of ‘conversation’ probably because they think that by doing so, the conclu
sions they will reach will have some properties that will make them different
from, and more valuable than, the outcomes of canteen chatter. I do not see any
reason to consider that it is an illegitimate question for one to ask what are these
properties of the claims that are the outcome of a scientific conversation, which
distinguish them from claims produced in other kinds of conversations, and
which scientists may consider as the reason that renders some ways of convers
ing’ more desirable and appropriate than others. I also do not see any reason to
doubt that these properties may often, if not always, be of some epistemic nature.
Furthermore, I do not see any reason to consider as illegitimate the question of
whether particular scientists or scientific communities are wrong about the actual
consequences of the use of some ‘conversation strategies’)

2 Realism without rhetoric

I turn now to another aspect of the ‘realism in economics’ debate in which
Uskali Mäki has been engaged in the last decades, one not directly connected
with the issue of rhetoric. No doubt, the most famous methodological thesis
amongst economists is the one popularized by Milton Friedman more than haIfa
century ago: it is not important that most of the assumptions of an economic

model (perfect competition, complete information, infinite divisibility of goods
and money, and so on) are obviously false as descriptions of reality — the only
important thing about economic models is that they provide successful predic
(ions (for example. about the evolution of price levels, quantities bought, interest
rates, etc.).2 The fact that these assumptions fail to satisfi the ‘realism’ criterion
is just the price to be paid for the mathematical tractability of the models, so that
we can actually manipulate these in order to derive specific predictions. In spite
of the attacks Friedman’s thesis suffered during the first decades after its publi
cation, its success amongst practitioners of economics was so astounding that it
has become commonplace to use it as a conversation stopper when the ‘unreal
ism’ of some aspects of a model is pointed out, particularly within the New
Classic school. It seemed as if anti-realism or instrumentalism had become
something like the natural epistemological position of economic science. The
situation changed in the nineties, mostly due to the (radically different) philo
sophical programs of Uskali Mäki and Tony Lawson.

One nice place to locate the most relevant aspects of this new realism debate
is in the criticism launched at these programs by Daniel Hausman (1998), in a
paper in which the author tried to show the irrelevance of realism as a philo
sophical thesis for economic science. Hausman’s argument is as follows. In the
first place, the debate about realism, both in classical and contemporary philo
sophy of science, has centered on the question of the objective existence of the
unobservable entities that some empirically successful theories presuppose (e.g.,
atoms, electrons, quarks, black holes, or genes). Within this debate there were
two paradigmatic positions. On the one hand, Hilary Putnam asserted that it
would be a miracle to assume that modern physical. chemical, or biological the
ories might be so empirically successful if the entities they assumed (or some
thing close enough) did not exist at all. On the other hand, Bas van Fraassen
noted that, since by definition we cannot observe unobservable entities, in
accepting a theory we must be satisfied with accepting the claim that the theory
has empirical success, and just ignore the question about the real existence of its
unobservable part.

In the second place. Hausman shows that economic theories do not refer. typi
cally at least, to unobservable entities’. it is true that some things in economics
might be taken as ‘unobservable’: Cobb—Douglas utility functions, macroeconomic
aggregates, or the ontological correlates of the different equilibrium concepts. But
all these concepts do not refer to entities that are ‘unobservable’ in principle (or
only observable with the help of sophisticated observation devices), but to things
that are plainly ‘observable’ and whose existence is nearly unquestionable. It is
only that the economic theories refer to them through strongly idealized or simpli
fled descriptions. Hausman therefore concludes that discussion on ‘realism’ in eco
nomics is not relevant, as long as everyone taking part in a theoretical economic
debate accepts the real existence of the entities the theories refer to. Hausman’s
general conclusion is thus ‘In economics, everybody is a realist’.

Uskali Mäki’s answer to these points is basically the following:3 In the first
place. Mäki insists in distinguishing realism’ (as a philosophical thesis about
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the most appropriate interpretation of scientific knowledge, or as a scientific
value in that the goal of science is to discover or to approach the truth about the
world and the really existing things) from ‘realisticness’ (as a property that sci
entific models, hypotheses or theories may have or may lack, i.e.. whether they
describe more or less correctly the truth or the really existing things). In the
second place, Mäki distinguishes idealization’ (as a deliberately exaggerated,
and hence false, representation of an entity or system) from ‘isolation’ (as the
omission to take into account some aspects of reality that are not considered rel
evant or important. though without asserting that these aspects do not actually
exist: an ‘isolation’ assumption. or a model based in one, is. hence, not necessar
ily false, but simply partial). In the third place. Mäki introduces the notion of
commonsensible’ as different from ‘observable’: whereas an entity is observa

ble depending on its relation to our perceptual capabilities. Mäki’s neologism
refers to things that are not really (or not necessarily) observable in the strict
sense, but that we ordinarily take as objectively real in our daily social behavior
(things such as ‘firms’, ‘preferences’. ‘government’, ‘money’, and so on). These
conceptual distinctions allow Mäki to express the following realist claims about
economics. First, the goal of economic science is to discover the essential
aspects of the working of the economic systems (aspects that our theories
describe thanks to conceptually isolating them). Second, in order to attain this
goal, it is often necessary to work with theories that contain J/se assumptions
(idealizations). Different types of falsities play different roles and, in general.
they serve to illustrate how different mechanisms function. Third. economic the
ories refer to commonsensibles and, hence. the question about non-observational
terms is not relevant. And last, but not least, economists should study the causal
processes involved in the working of real economic processes (‘the way the
world works ‘).

Going back to Hausman’s critique, we may say that, blinded by his attach
ment to the unobservability question as the most central one to realism, Hausman
ignores the fact that one important commitment for realist philosophers is that
the goal of science is truth, and not only empirical success. In the case of physics
and other natural science, this goal is approached via the hypothesis that unob
servable entities exist, but this is an instrument in the attainment of the real goal
(truth, or approximate truth). Stated otherwise, what counts for the realist is not
essentially whether what scientific theories talk about exist or not, but whether
what they say about the world is an illuminating and accurate description of
how the world rca/h’ is. From this point of view. a ‘realist’ critique to some eco
nomic theories must be taken as a denunciation of the failure of those theories in
describing the real working of the economy. The instrumentalist methodology
derived from Friedman’s slogan succeeded in making the economists immune to
such kinds of criticisms for some decades, but now it can be doubted whether
New Classical economics has had a predictive success so outstanding that either
it is a clear signal of the approximate truth of their assumptions about the real
economy’s working mechanisms, or it is irrelevant whether these assumptions
are basically right in the light of its clear predictive success. So. it seems that a

sensible recommendation for economic practice from a realist perspective is that
it is time to take seriously the effort of devising and using more truthlike (in
Popper’s sense) assumptions for economic theories (such as assumptions based
on observed behavior in the way of behavioral economics; on less idealized sta
tistical hypotheses, thus substituting representative agent assumptions by hypoth
eses about distributions of agent types; or on causal processes with multiple
equilibria based on evolutionary or network mechanisms).

3 The role of realism in science as a persuasion game

1 shall devote this last section to describing how the kind of realism defended
until this point coheres with the inferentialist model of scientific research I have
been elaborating elsewhere. According to this model,4 scientists try to persuade
their colleagues (and others) of the acceptability of some claims. The problem is
that since each researcher is trying to do the same, there seems to be no reason for
it to be rational for one scientist to accept a claim proposed by another instead of
just proposing a new claim herself. The ‘solution’ to this apparent paradox is that
the ‘game of persuasion’ must be played according to some rules. In some cases
these rules make it more or less compulsory for individual scientists to accept
some assertions, given what assertions have been accepted by them before, or
given what facts have publicly taken place. The assertions made by individual
researchers are thus subject to inferential rules (rules saying that, if you have
accepted such and such, or such and such has occurred, then you must accept
some further claims and reject some others). Imagine that each scientist is writing
in a ‘book’ all the assertions to which she commits herself (i.e., to which she
accepts that the inferential rules of her community are applicable, and on whose
acceptance by her she admits that the community can at least partially assess her
own competence as a scientist), and that the knowledge of what is written in each
researcher’s book is public. Hence the game-theoretic nature of scient(,llc
research arises because each scientist ‘.s pai-off depends on what is ‘written’ not
onh’ in her own hook, but a/so in the books ofeven other membe,’ of her com,nu
nitv. i.e., your pay-off depends on what your colleagues say about what you say
(for example. on how many of your colleagues have accepted a model or theory
proposed by you). This pay-off is generated by three different channels: an ‘inter
nal score’, an ‘external score’, and a ‘resource allocation mechanism’, all of
which are determined by norms. In the first place. any scientific community will
have adopted a set of methodological norms with which to assess the scientific
value of any set of commitments (i.e., of any possible ‘book’). The coherence of a
researcher’s book with respect to these norms (or, more precisely, the coherence
her colleagues say it has) will determine the internal score associated with that
book. Second. and in contrast to the case of everyday language games. in science
many propositions are attached to the name of a particular scientist, usually the
first who advanced them. One fundamental reward a scientist may receive is asso
ciated with the fate that the theses (laws, models, experimental results...) pro
posed by her have in the books of her colleagues. This ‘fame’ is what I call here
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her external score. The combination of the internal and the external score associ
ated with a book is its global score. Third, the community will work with a set of
rules for the allocation of resources that will determine how much money. what
facilities, what work conditions, what assistants, and so on. will be allotted to
each scientist, depending on her global score. So, it is basically the striving for a
high internal score (i.e., of being coherent with the methodological norms of your
community) that makes you accept or reject claims advanced by others, hence
raising or lowering their external scores.

Realism, as an epistemic value, enters into the picture through the considera
tion of both the inferential norms that have been adopted by a scientific commu
nity. as well as of the preferences of individual scientists. Rules are not an
absolute given, but we can assume that in each community they will have
evolved according to the preferences of its members, and the more common a
rule is across different communities, the more reasonable is the assumption that
it reflects a common preference of scientists. After all, scientists as a group are
free to establish the scientific rules they prefer, and, if they are rational, they will
tend to establish rules that (they think) will better promote their most preferred
goals. What are these goals then? What my approach suggests is to build differ
ent models assuming some or other preferences and constraints, and see which
models offer a picture more similar to real science. My own proposal has been
that the utility function of the toy scientists populating these models may be seen
as consisting of two main elements: a ‘social’ component, which is some func
tion of the success of a researcher’s proposed claims in the ‘books’ of others
(i.e.. ‘recognition’); and an ‘epistemic’ element, which can be modelled as a kind
of ‘empirical verisimilitude’ function, i.e., the scientists prefer. ceteris paribus,
to be recognized by having discovered theories with a higher level of verisimili
tude. and to be governed by inferential rules that lead them to accept claims they
think are highly verisimilar. rather than claims with a lower verisimilitude. A
theory has greater ‘empirical verisimilitude’, the better it is supported by the
highest possible amount of empirical information (or, if the empirical data are
taken to confirm the theory, the more contentful the theory is). Hence, ‘realism’
is defended in the sense not of a metaphysical’ theory. but as a conjecture about
the nature of the real goals of real researchers, namely the conjecture that they
aim (amongst other things) at theories, models and hypotheses that have a par
ticular kind of epistemic virtue, one that can be schematically captured through
some more or less simple definition of ‘empirical verisimilitude’. If you happen
to have different epistemic goals. then the only rational thing for you to do
would be to simply go to the scientists and try to persuade them that they
‘should’ replace their goals for the ones you personally prefer.

Just to give the feeling of the properties this notion of empirical verisimilitude
has. I shall start by defining a naive notion of verisimilitude (i.e.. one that does
not take into account the possibility of valuing falsified theories), and then
proceed to offer a couple of sophisticated definitions applicable to more realistic
cases. The naive definition asserts that the epistemic value of a theory depends
on two factors:

I how similar or coherent are the view of the world offered by the theory and
the view of the world that derives from our empirical evidence; and

2 how informative our empirical evidence is (for being coherent with a very
shallow empirical knowledge is not as indicative of ‘deep truth’ as being
coherent with a much richer corpus of empirical information).

The coherence or similarity between propositions A and B can be defined as
p(A&B)/p(AvB). whereas the informativeness of a proposition A can be meas
ured by l!p(A). Hence, the naive definition of empirical verisimilitude would be
as follows:

Vs(H, E) = [p(H & E) / p(HVE)][l / p(E)) = p( H, E) / p(HvE) [Ii

Here are some consequences concerning the comparative valuation of theories
for agents whose epistemic utility function is as represented by definition [11:

I Respect for plausibility and for strength:

If p(H)=p(H’) and p(H, E)p(H’, E), or if p(H, E)=p(H’, E) and
p(H’)p(H), then Vs(H, E)< Vs(H’, E).

2 For theories explaining the data, the more probable. the better:

If H —E, then Vs(H. E)p(H)/p(E)2

(hence, if H f—H’, and H’ I—E, then Vs(H, E)/ Vs(H’. E)).

3 For theories verified by the data, the more informative, the better:

If E I—H,then Vs(H,E)1/p(H)

(hence, if E i—H, and H f—H’, then Vs(H’, E)< Vs(H, E); also as a corol
lary, I ‘s(Taut. E) = I).

4 Confirming a prediction increases verisimilitude (deterministic version):

If H I—F. then Vc(H, E)< Vs(H. E&F).

5 Confirming a prediction increases verisimilitude (probabilistic version):

If p(F. E)<p(F. H&E). then I’s(H, E) Is(H, E&F).

6 Confirming a prediction increases verisimilitude (conditional version):

If!! f—(E—+F). then I’s(H. E)( I’s(H. E&F).
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7 Partial verification (joining to a theory a hypothesis verified by the data,
increases the theory’s verisimilitude):

If E l—G, then Vs(H, E)< Vs(H&G, E).

8 Partial disconfirmation (the empirical evidence can help to disconfIrm one
part of a theory):

Ifp(G, H&E)<p(G, H), then Vs(H&G, E)< Vs(H, E).

9 Upper verisimilitude limits (‘unended quest’):

J/p(H)> Vs(H, E)< l/p(E).

10 Expected verisimilitude equals confirmation ratio:6

E[Vs(H, E)jp(H, E)/p(H)p(E, H)/p(E). [2J

Of course, this definition is ‘naive’ in the sense that it gives the value 0 to all falsi
fied theories (i.e., theories for which p(H, E)=0), and so it does not respect the
intuition that falsified theories can have different degrees of epistemic values, and
even be more valuable than some non-falsified theories. There are several possible
strategies to solve this problem. One would be to take into account margins of
approximation; let S” be the statement that asserts that ‘the actual state of the world
is within a margin of approximation u from some state in which S is true’. Then, a
plausible definition of approximate verisimilitude would be:

Avs(H, E) = max, Vs(H, E”). [3]

A different strategy would consist of taking into account the fact that the empiri
cal evidence usually consists of a finite set of mutually independent statements
E, (e.g., empirical laws). 1fF is the set of all possible conjunctions of Es’s, then a
definition of sophisticated verisimilitude would be:

SVs(H,E)=max66Vs(H,F). [4]

A theory will have a high degree of approximate verisimilitude, even if it has
been literally refuted, if it explains well the empirical evidence within a small
margin of approximation. It will have a high degree of sophisticated verisimili
tude if it explains most of the known empirical laws. Of course, this is just a
hypothetical proposal, and it would be interesting to contrast the predictions of
this model with those of other models based on different assumptions about the
preferences and constraints faced by scientists.

The commitment to realism must be seen, I insist, not so much as a philo
sophical thesis, but as a peculiarity of the values and/or the practices of scientists

themselves, who will deploy, or fail to do so, something like ‘revealed prefer
ence for realism’. 1 will conclude by giving three examples of how this ‘prefer
ence for realism’ can be manifest in the scientists’ choices.

When researchers expect that new relevant data will arrive, they tend to be
more ‘instrumentalist’. This is because they will take into consideration the
expected value of the theories’ verisimilitude — i.e., as calculated in [2] —

and it can be proved that, when we assume both a sophisticated utility func
tion like [4] and substitute Vs for its expected value, then adding a new
empirical discovery that contradicts the theory does not make the latter’s
expected value decrease (Zamora Bonilla 2002). In contrast, if new relevant
data are not expected, researchers will be more realist’. In this case, if a
prediction from a theory empirically fails, then the sophisticated verisimili
tude of the theory decreases. Stated in other terms: when developing and
testing a theory or family of theories for the first times, the acknowledge
ment that these theories are empirically falsified is not a concern for the
researchers — only ‘successes’ count. In contrast, when the field is ‘mature’
having fewer falsifications counts as a virtue. I have called this ‘the Lakatos
principle’.7This point shows that a ‘revealed preference for realism’ is not
just a truism, but that there are behaviors that reflect a different epistemic
preference. In this case, realism is defended as an essential component of
the scientists’ epistemic utility functions because their instrumentalist’
behavior is shown to be just a short-term consequence of the type ofcontext
in which more realistic theories are looked for.

2 As definition [31 suggests, the verisimilitude of a theory may also be evaluated
by researchers not directly on the basis of the ‘literal claim’ it makes, but on an
appropriate qualjfication of it, i.e., one that takes into account that the theory is
not trying to literally describe the world, but to give an approximate, idealized,
or otherwise ‘suitably deformed’ description, one that allows the consideration
of what are taken to be the relevant aspects of the world, and also to make cal
culations and inferences easier. This provides room for much of what Uskali
Mäki has been working on for two decades regarding the irrealism’ problem.8

3 Finally, here is the main connection I see between my definitions of verisimili
tude and the idea of rhetoric being an essential element of scientific practice.
There are only three ways of increasing the value of a theory that already
explains the data well: first, by discovering new independent data that corrobo
rate the theory (new empirical successes); second, by increasing the prior prob
ability of the theory; and third, by decreasing the prior probability of the
already explained facts.9 The first of these ways allows us to observe a distinc
tion between the role empirical data play in a realist and in a merely empiricist
or confirmationist approach: in the latter, there is no intrinsic reason why new
empirical data are looked for; i.e., once we have a set of empirical data, they
generate a value for the posterior probability (or degree of confirmation) of the
theories, and that’s all. It can be the case that we happen to discover new data,
but there is no reason based on our epistemic utility function that would lead us
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to want to have more data or to actively pursue it. In the realist case, discover
ing new data (i.e., new ‘empirical truths’) is a way of increasing the verisimili
tude of the theories (if these happen to explain the new data well). But what
about the second and third ways? Does not this ‘changing prior probabilities’
sound exactly the opposite of honest realism? Well, let’s see.

My point is that the fact that the practice of’manipulating’ prior (or ‘unconditional’)
probabilities to affect the epistemic value of scientific claims, is a nice example to
observe the interconnection of rhetoric and realism. Note that the verisimilitude of a
theory T that successfully explains empirical evidence E equals p(T)Ip(E2.Hence,
in principle, what a scientists attempts to do to perform well in a game whose rules
promote the maximization of that value, is to find a theory that (I) has a high uncon
ditional probability (i.e., its probability not taking into account the empirical data),
and that (2) from it we can deduce empirical facts whose unconditional probability
is as low as possible. These two goals are usually in conflict: in order to explain
many things well, theories must have a low prior probability (this is a truism: if T
entails E, then p(7)p(E)), and this trade-off is basically what makes the game of
science dfficult and exciting!) However, this is just a trade-ofE i.e., a constraint and
not a logical contradiction, and so, what is important is the theory being as likely’
as it can be, taking into account how ‘unlikely’ are the facts it explains. So, a way to
make your theory more valuable from the point of view of your colleagues is to
show by means of any plausible arguments why the principles and hypotheses on
which your theory is based are not too unlikely (or are even a matter of fact!), and
also to show that the facts the theory explains are extremely unlikely. Arguing for
the strangeness of the facts you have been able to explain, and for the platitudeness
of the ideas on which your theory is based, serves thus to score the theory higher in
the valuations your colleagues make.’°

We might call these kinds of arguments, whose function is to modify the prior
or unconditional probability of one statement. ‘rhetoric’.” Yet they are rhetoric
neither in the negative sense we saw in Section I (for they are not ‘irrational’ or
‘not logically valid’), nor in the positive sense according to which everything in
language usage is rhetoric (for they are only one part of the arguments that sci
entists employ), but I think the restriction of the term ‘rhetoric’ to this type of
arguments is more consistent with the common usage: arguments that are ration
ally appropriate, but that are neither proposed as logico-mathematical proofs, nor
as supplying additional empirical support. Many arguments in science are of this
kind. They are clear examples of small-case realism, i.e., of the fact that scien
tists look for theories and models that seem verisimilar to them. It also explains
why. after a scientific revolution, a lot of work is done by scientists (and in this
case, often also by philosophers) that consists in something like discussing ‘the
metaphysical foundations’. i.e.. in showing that the principles of the new para
digm are not so strange after all, nor are the ones of the old paradigm so obvious.
Lastly, the existence and instrumental value of these types of arguments does not
entail that ant’ theory may have am’ epistemic value we want. Rather, the con
trary: whether an argument succeeds or fails to modife our or our colleague’s

prior probabilities is just a matter of fact, and so we cannot manipulate the epis
temic value ofa theory at will. Therefore, these types of rhetorical arguments are
in fact examples of’rhetoric at the service of realism’.

In conclusion, the model of science I have presented above allows us to make
sense of small-case realism by showing what is exactly meant by saying that
realism is not so much a philosophical problem as a value or goal for flesh-and-
bone scientists. If philosophers try to oppose this move by considering that it
goes too far, or not far enough, on the Route 666 of relativism, the only reasona
ble answer is to invite them to consider their own epistemic preferences. and to
show how they think scientists ought to behave in the pursuit of those alternative
epistemic goals. i.e.. what would they do in order to ‘reveal’ those epistemic
preferences. After all. de epistemicibus gustibus non esi disputandum.

Or is there?
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Notes

I After all. McCloskey herself has often produced these kinds of critical arguments
when criticizing some of the ideas and practices of economists (e.g.. McCloskey
(1997): McCloskey and Ziliak (2008).

2 See Mäki (2009) for both Friedman’s original methodological piece and a set of
reflections upon its impact on the philosophy and methodology of economics.

3 See. e.g.. Maki (1994).
4 For a more complete version. see Zaniora Bonilla (2006b).
5 For details and proofs, see Zamora Bonilla(.1996. forthcoming).
6 The proof assumes that E can be decomposed into points of negligible probability.

EIG(H. E)] is calculated ith the formula p(x)G(H. E)+., .11p(x)G(H. E.
7 Cf the definition of ‘theoretical progress’ in Lakatos 1978, p.66.
8 See. e.g.. Mäki (1994) and, for a recent proposal. Mäki (forthcoming).
9 1 understand ‘prior’ as opposed to ‘conditional’. rather than as opposed to ‘posterior’.

10 This is hat I have called ‘I3ayesian tinkering’ in Zamora Bonilla (forthcoming).
II In a different sense, I have used in Zamora Bonilla (2006a) the term ‘rhetoric’ to refer

to the strategic use of language. i.e., the strategic decision of choosing one proposi
tion or conjunction of propositions. instead of another one. to describe the result of
‘your experiments or observations.
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12 How to be critical and realist
about economics’

Jaakko Kuorikoski and Petri Ylikoski

1 Introduction

Scientific realists take science seriously. First, they take the epistemic aims of
science seriously. For realists, the main epistemic goal of science is to under
stand the world and how it works. While instrumentalists put the emphasis on
prediction and practical applicability, realists think that this is not enough.
Science should also aim to explain things. Second, realists take science seriously
by setting high standards for the ultimate evaluation of scientific claims. While
social constructivists and other non-realists might be satisfied with the consensus
of the relevant community, realists think that scientists should be more ambi
tious: they should attempt to get things right. For realists, most scientific claims
are about things that exist independently of the epistemic activities of scientists.
According to realists, scientific statements are truth-apt: it makes sense to talk
about their truth and falsity even if the entities mentioned in such statements are
about the unobservable. The third indication of realists taking science seriously
is the emphasis they put on the critical evaluation of current epistemic practices.
The explanatory goals of science and the non-epistemic notion of truth give real
ists the standard according to which our methodological ideas should be evalu
ated. For a realist, it is entirely possible that the principles of evidential and
explanatory reasoning employed within a scientific field are inappropriate for the
goals of science.

The above characterization provides the general spirit of scientific realism.
When realists begin to articulate the details of their position, a lot of variation is
possible. Consequently, scientific realism is not a monolithic doctrine. There are a
number of different ways to be a scientific realist. Given this background, it is sur
prising that one specific formulation of realism dominates the discursive landscape
in the social sciences. This approach is called critical realism. While there are
some differences between different advocates of critical realism, its central ideas
and arguments derive from the early work of Roy Bhaskar (1975, 1979). who in
turn was inspired by the work of Rom Harré (1970. 1975). In economics the main
advocate of critical realism has been Tony Lawson (1997. 2003). Although critical
realism in economics is certainly a broader movement with some internal doctrinal
variation, we limit our discussion to its most important representative.
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Verisimilitude and the scientific strategy of 
economic theory 

Jesus I? Zamora Bonilla 

Abstract Methodological norms in economic theorizing are interpreted as 
rational strategies to optimize some epistemic utility functions. A definition of 
'empirical verisimilitude' is defended as a plausible interpretation of the epistemic 
preferences of researchers. Some salient differences between the scientific 
strategies of physics and of economics are derived from the comparison of 
the relative costs associated with each strategy. The classical discussion about the 
'realism of assumptions' in economics is also considered under the light of the 
concept of 'empirical verisimilitude'. 

Keywords: economic methodology, verisimilitude, realism, instrumentalism, 
rhetoric, economics of science 

1 METHODOLOGICAL NORMS AND EPISTEMIC 
UTILITIES 

According to the growing economic approach to scientific research, scientists 
should be considered as rational agents pursuing a utility function under con- 
ditions of uncertainty, interdependence and limited resources. ' Science would 
so be seen as a more or less complex game, and its salient institutional features 
would be interpreted as 'equilibrium solutions' to that game. Furthermore, 
from the economist's point of view the exercise of understanding his own 
discipline with the help of his own analytical tools is an excellent opportunity 
to scrutinize the power of these tools and to become more self-conscious 
about his own practice. A big effort has been devoted in the past years to offer 
acceptable economic explanations of scientific institutions (though the task 
is still very far from completed), developing an interesting and stimulating 
alternative approach, or at least a complementary one, to that of sociology of 
science (either 'classical', 'Mertonian', 'radical', or 'deconstructionist'); 
but very little has been done to understand from the economic-theoretical 
point of view such central scientific rules or 'institutions' that were the 
topic, not of sociology of science, but of methodology. I refer, obviously, to 
rules about theory choice and model building, about the value of 
experiments and observations as tests of those models and theories, about the 
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relative importance of prediction, explanation and understanding, and so 
forth. 

A plausible interpretation of these methodological norms is that they are 
simply conventional indications about the epistemic value of several alterna- 
tives, assuming that this notion of 'epistemic value' is an essential element of 
the scientists' utility functions. That is, we can assume that, ceterisparibus, a 
researcher will prefer that theory, model or set of data which has for him the 
highest possible epistemic value. Of course, different scientists may have 
different 'epistemic utility functions' (that is, a different epistemic element of 
their utility functions), but this does not preclude at all the possibility of 
explaining their different methodological preferences on the ground of their 
own epistemic values. It seems also plausible to see 'schools' within a single 
discipline, not only as groups defending similar theories, but mainly as sets of 
people sharing methodological and epistemic preferences different from the 
ones shared by other groups. On the other hand, since the researchers' utilities 
depend also on other kinds of things (prestige, income, credibility, power, 
practical uses of their discoveries), their individual choices can many times be 
inconsistent with the maximization of epistemic values; but, if these values are 
seen as an essential goal of the collective enterprise of science, it seems 
reasonable to expect some kind of institutional enforcement of some method- 
ological rules (for example, through formal education, review mechanisms, 
and so on). I will not pursue here an explanation of how this enforcement can 
be made effective, though I believe that this topic is one of the most exciting 
problems for the new economics of science. 

The idea of an epistemic utility is not a new one in methodology of ~c ience ;~  
it was proposed by Carl Hempel at the beginning of the 1960s, and developed 
by some followers of Rudolf Carnap's confirmationist approach and of the 
Bayesian explication of scientific reasoning; within these schools, the main 
epistemic utility associated with a scientific theory would be its truth, whose 
expected value is defined as the theory's degree of confirmation by the 
empirical evidence. From a different point of view, and following an idea of 
Karl Popper, several authors have also interpreted the idea of verisimilitude or 
closeness to the full truth as a plausible goal of scientific research, and hence 
as a reasonable 'epistemic utility' for those who share a realist (rather than an 
instrumentalist or empiricist) interpretation of scientific knowledge. Some 
interesting work has been made both from the Bayesian approach and from 
the truthlikeness program to show that some methodological norms usually 
followed (or, at least, preached) in scientific research can be derived from 
some definitions of those epistemic utilities; but nothing as ambitious as 
a 'complete' theory of the scientific method has been developed until now 
following these appealing lines. 

I will examine in the following section some problems of the referred 
approaches, and will offer a different description of the epistemic goal of 
scientific research, a description somehow intermediate between empiricism 
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and realism, and which, I think, captures better some essential elements of the 
epistemic preferences of real scientists. Of course, my aim in this paper is not 
to offer such a 'complete' account of the scientific method, nor of the method 
of economics, but simply to use my description of the epistemic utility 
function to illuminate a typical feature of economic theorizing, namely, its 
habitual disdain for empirical testing (which I will try to explain in section 3), 
as well as the classical discussion about the irrelevance of the 'realism of 
assumptions' (section 4). 

2 SOME EPISTEMIC UTILITIES 

2.1 Confirmationist approaches 

Though the idea of epistemic utility has already been exploited in method- 
ology, its 'returns' have still not been very high. In the first place, the notion of 
degree of confirmation and its derivatives (defended in the confirmationist 
and Bayesian approaches') suffer from a radical flaw when the empirical 
evidence contradicts the theory which is being evaluated. If we assume that 
the epistemic utility of scientific researchers isp(T,E), where E is the empirical 
evidence and Tis a theory or hypothesis, then all refuted theories will have the 
minimum epistemic value. This contradicts the common idea that a series 
of refuted theories can show some epistemic progress: for example, we can 
rationally believe that Newton's theory of gravitation is better than the 
Keplerian model of the solar system, which is better than Copernicus', which 
is better than Ptolemy's; all these four theories have been contradicted by 
further empirical research, and so their degree of confirmation is simply zero, 
though some epistemic progress seems to exist in their temporal sequence. 
The situation is not better with another common 'epistemic utility', 
confirmation excess: p(TE) - p(T). In this case, the value of an empirically 
refuted theory will be simply - p(T); so, for example, Newton's theory will 
have less value than its conjunction with any independent statement, even if 
this is also false or absurd. If we take seriously the idea that all interesting 
scientific theories are false, either because they include idealizations or 
simplifications, or because they will have sooner or later some empirical 
anomalies, then the confirmationist and Bayesian approaches offer a poor 
indication about the real epistemic value of these theories. 

2.2 Verisimilitude 

For the verisimilitude program things are a little better. Since the logical 
refutation of Popper's original definitions of verisimilitude at the beginning of 
the 1970s, a large number of alternative definitions have been proposed. Two 
of the most appealing ones are those of Ilkka Niiniluoto and Theo Kuipers. 
The first has made a reasonable distinction between the actual closeness to the 
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truth of a theory and the estimated value of this closeness under some 
empirical e ~ i d e n c e . ~  The former is an inverse function of the 'distances in the 
logical space' between the possible states of the world allowed by the theory 
and the actual state of the world; the latter is simply the statistical expectation 
to the first function. Though Niiniluoto's concepts allow to say that a refuted 
theory has a very high level of truthlikeness or expected truthlikeness, or is 
more verisimilar than another refuted theory, it suffers from two important 
problems: in the first place, according to his definitions, the verisimilitude of a 
theory will be essentially dependent on the language in which it is expressed; I 

that is, if t(A) and t(B) are the translations of A and B to a different language, it 
can be the case thatA has more verisimilitude -either actual or expected - than 
B, while t(B) is more truthlike than t(A). In the second place, his definition 
of estimated verisimilitude has not allowed thus far to derive interesting 
methodological rules, and so, it is of little use either to understand the actual 
development of science, or to give us indications about how to make theory 
choices which are efficient in the pursuit of truth. 

Theo Kuipers has offered some semantic definitions of veri~imilitude.~ 
According to the simplest one, a theory A is closer to the truth than another 
theory B if and only if all theoretically possible systems ('models' in the 
terminology of formal semantics, not in the economic sense) which make 
B true also make A true, and all theoretically possible systems incompatible 
with A are also incompatible with B (and there is some theoretically possible 
system compatible with A which is not compatible with B, or some impossible 
system compatible with B and not compatible with A). Kuipers' idea is 
especially interesting because he replaces the notion of 'factual truth' for that 
of 'theoretical truth': the aim of scientific theories would not be to discover 
individual 'facts', but laws or regularities about the world.6 From this 
definition it is possible to prove that, if all known empirical laws derivable 
from B are also derivable fromA and there is some law derivable fromA which 
refutes B, then it is still possible that A is closer to the truth than B, but it is not 
possible that B is closer to the truth than A (stated in more Popperian terms: the 
meta-hypothesis 'A is closer to the truth than B' has been 'corroborated', in the 
sense that it has resisted the attempts to falsify it; the proof is based on the 
assumption that the set of all theoretically possible models is a subset of every 
confirmed empirical law, that is, on the assumption that these empirical laws 
are true). Hence, the hypothetico-deductive method would be consistent with 
the aim of getting theories which were closer and closer to the truth. 

Unfortunately, it is also possible to prove that, in many interesting cases, 
comparisons of verisimilitude can not be made according to Kuipers' defini- 
tion. For example, if A and B are mutually incompatible theories, and both 
have been empirically refuted (in the sense that all their models fail to obey at 
least one known empirical law), then the set of systems which make A true, the 
set of those which make B true, and the 'theoretical truth', will be pair-wise 
disjoint, and neither A nor B can be closer to the truth than the other, whatever 

D
ow

nl
oa

de
d 

by
 [

T
he

 U
ni

ve
rs

ity
 o

f 
B

ri
tis

h 
C

ol
um

bi
a]

 a
t 2

2:
59

 1
8 

N
ov

em
be

r 
20

14
 



Versimilitude and the scientific strategy of economic theory 335 

the relative number of successes of those theories. The same occurs if A entails 
a law which is not entailed by B, and B entails a law which is not entailed by A. 

2.3 Empirical verisimilitude 

As we have seen, neither the confirmationist approach nor the verisimilitude 
program seem to have supplied some 'epistemic utility' which is able to 
illuminate the actual course of science, or, at least, which is appropriate to 
be used as a normative criterion of epistemic rationality. I have proposed else- 
where to explore a different possibility, one in some way intermediate between 
realism and empiricism, and which I propose to call 'empirical verisimili- 
t ~ d e ' ; ~  according to this concept, the epistemic value of a theory depends 
essentially on two factors: 

1 the similarity between the image of the world offered by the theory and the 
image of the world which derives from the known empirical regularities, 
and 

2 the amount of information about the world that those regularities provide 
(which can be recursively defined as the empirical verisimilitude of the 
propositions stating those regularities, assessed through a still 'more 
empirical' set of statements). 

This is a 'compromise' between empiricism and realism because, in the first 
place, the value of a theory is assessed basically through our empirical knowl- 
edge. But, on the other hand, a theory does not automatically lose its value if it 
is falsified, since a false theory can offer a description of the empirical facts 
more or less close to the true description of these facts. Moreover, this 'empiri- 
cal knowledge' is simply constituted by the most verisimilar hypothesis about 
what in a certain process of research is taken as given, and this can refer to 
macroscopic, common-sense objects, or to highly 'theoretical' entities. 

A possible formalization of this idea is the following: let T be a theory or 
hypothesis, and let E be a collection of empirical regularities about those 
aspects of the world that T tries to explain (I will refer with E sometimes to a 
set of statements, and other times to the conjunction of those statements); let B 
represent the 'background knowledge' or 'basic presuppositions' of a scientist 
or a scientific community, including metaphysical, heuristic or ontological 
principles, aesthetic preferences, moral or ideological principles, and so on; 
letp be aprobability function, and, finally, let XU represent the assertion that X 
is true under the margin of approximation u. Hence, we can define: 

1 i) Sim(TE) = p(T&E,B)/p(TvE, B) 
ii) Inf (X) = lIp(X, B) 
iii) Vs,(TE) = Sim(T E)Inf(E) = p(T E&B)lp(TvE,B) 
iv) Vs,(T,E,u,v) = Vs,(T,E") 
V) VsJ(T E) = max ( F  c E) Vs,(T F )  
vi) Vs, (T, E, u, v)  = max (F  c E) Vs,(T, F"). 
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From these definitions it is possible to derive a set of methodological norms 
(in the sense explicated in section 1) which are reasonable representations of 
some very common methodological attitudes. For example, with function Vs,, 
the empirical verisimilitude of a theory increases if it is corroborated by a new 
empirical finding, if both its degree of confirmation and its likelihood in- 
crease, if a new fact is found such that it is more probable under T&E than 
under E alone, etc. Regarding the comparison of two theories, if both are con- 
firmed by the empirical evidence, then the most informative (the less prob- 
able) will be the most verisimilar, but if both entail E, then the most probable 
will be the most verisimilar; when one of them is better confirmed than the 
other and is also less probable, then it will be more verisimilar; and if one of 
them has more likelihood and is more probable than the other, then it will also 
be more verisimilar. Another interesting consequence from the definition of 
Vs, is that the maximum empirical verisimilitude that T can receive (or E can 
give) is Inf(T) (resp., Inf(E)), which forces to look for still less probable 
theories ('bold' ones, in Popper's terms) and for new informative empirical 
findings. Finally, the expected value of Vs,(TE) is p(T&E,B)/p(T,B)p(E,B) = 
p(T,E&B)/p(TB) = p(E,T&B)/p(E,B), a typical Bayesian measure, which can 
be taken into account by scientists especially in those circumstances when 
new and unknown empirical results are expected. Unfortunately, Vs, has the 
same problem which invalidated the degree of confirmation as a measure of 
epistemic utility: it has the zero value for every refuted theory. 

The other functions do not suffer from this problem. Vs,, Vs, and Vs, ex- 
ploit the idea that the similarity between E and T depends basically on the 
similarity between the different states of the world consistent with each propo- 
sition, and on the relation between T and each empirical regularity which 
characterizes E. From Vs,, besides some of the results commented above 
(sometimes more or less reformulated), it is also possible to derive the follow- 
ing fundamental theorem: 

2 Suppose that all the empirical facts in E are statistically independent of 
each other, and that the only possible connections between each one and T 
are the following: either it is entailed by T, or its negation is entailed by T,  
or it is statistically independent of T (and the same for S). Under this 
assumption, if T entails all the empirical facts in E entailed by S, S is 
refuted by all the empirical facts that refute T, and p(S,B) 5 p(T,B), then 
Vs,(S, E) 5 Vs,(T E). 

The proof is based on a lemma which asserts that, given the idealizing 
assumptions expressed in the first part of the theorem, then the value of 
Vs,(T E) is p(T B)/p(C(E, T),B)p((C(E, T)&I(E, T))vTB), where C(E, T)  and 
I(E,T) represent, respectively, those regularities in E which are explained by T 
and those which are statistically independent of T. 

Assuming that p(TB) is 'small' with respect to both p(C(E,T),B) and 
p(I(E,T),B) (that is, if universal theories are always much less probable a 
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priori than any conjunction of empirical regularities), then Vs,(TE) and 
Vs4(T,E) can be approximated respectively by: 

3 i) Vs,(TE) = p(T,B)l(p(C(E, T),B)2p(I(E, T),B)). 
ii) Vs4(T E) = p(Tu, B)I(p(C(Ev, Tu),B)2p(l(Ev, Tu), B)). 

We can interpret the denominator of these expressions as indicating that, 
though it is good for a theory both to explain the empirical facts and not to be 
falsified by them, the former is still better than the latter. 

Theorem 2 allows us to understand a common methodological attitude 
among scientists, one that is difficult to explain from other formal recon- 
structions of the scientific method. It is the fact that a higher empirical success 
is not a suficient condition for preferring one theory to another; that is, a 
theory may have proved its superiority in terms of the amount of facts 
explained by it and of its resistance to falsification, but many scientists may 
still prefer an 'empirically inferior' theory, even recognizing its 'inferiority', 
provided that the empirically more successful theory has a very low prior 
probability in comparison with the less successful one. Since 'revolutionary' 
theories usually contain hypotheses which are contrary to the background 
presuppositions of the 'old' scientific community, they can be rejected by 
many researchers even if these theories explain successfully many of the 
'anomalies of the old paradigm' (to use Thomas Kuhn's classic terms). This 
means that, if Vs, (or some close epistemic utility function) represent correctly 
the 'institutional' methodological preferences of scientists, these will search 
for theories which are not only empirically successful, but also 'plausible' or 
'realistic' from their metaphysic, ontological or heuristic points of view. This 
reinforces my interpretation of those functions as measures of 'empirical 
verisimilitude', and not only as measures of empirical support. 

On the other hand, if the empirical data are accumulating at a high rate, it is 
possible to substitute in Vs, the occurrence of Vs, for its expected value (that 
is, E(x E F)Vs,(Tx)p(x,F), where the x's are the minimal points into which the 
logical space can be divided). If we call Vs, the resulting measure, it is possible 
to prove that, under the assumptions of theorem (2), Vs,( T,E) = l/p(C(T,E),B). 
Hence, if a theory explains at least all the facts explained by another (i. e., if 
C(TE) includes C(S,E)), then the former will seem at least as close to the truth 
as the latter, independently of the cases where they are falsified, and inde- 
pendently of their prior probability. This seems to be consistent with Lakatos' 
indication that, during the first stages of a scientific research program (when 
the number of new empirical findings is growing at a high rate), falsifications 
are not taken into account, only confirmations. 

3 IS ECONOMIC THEORY TOO THEORETICAL? 

The general methodological norms derivable from measures Vs, and Vs, are, 
from my point of view, close enough to the common ideas about the nature of 
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scientific meth6d to allow us to take them as more or less acceptable (though 
strongly simplified and idealized) descriptions of the epistemic element in the 
scientists' utility functions. This does not imply that all scientists have the 
same epistemic utility function, since the values of our Vs's will depend on 
each researcher's subjective probabilities and background presuppositions. 
But, if my hypothesis is true, scientists will look for theories which: (1) are 
'highly plausible' according to their background presuppositions; (2) have 
many and important empirical successes, and (3) have few empirical failures. 
Note especially that the second requirement usually goes against the first one: 
in order to explain many and strong empirical laws, a theory must be logically 
strong, and hence, it will have a low prior probability. This fact is not a 
contradiction, but an essential trade-off in scientific theorizing. It simply 
means that finding out a highly verisimilar theory is not an easy task, since one 
need look for simple, realistic and elegant principles with one eye, and for 
strong empirical predictions with the other. 

The idea I am going to defend in this section is that we can employ these 
utility functions to show that methodological differences among scientific 
disciplines can exist because the relative costs of each methodological deci- 
sion are different in each discipline. 

Scientific researchers are human subjects who must choose one single 
option in every situation they confront; they must choose what lines of 
research to pursue, what problems to tackle, which known techniques to apply, 
which new ones to learn, what empirical observations or experiments to make, 
and so on. Obviously, each individual researcher will tend to take that decision 
which gives to him a higher level of 'utility', though it is reasonable to expect 
that, from the 'institutional' point of view, the best decision, and so, the one 
which will tend to be socially sanctioned, will be that which produces a higher 
'epistemic value' (if this is not so, we can think of a 'failure' of the corres- 
ponding institution). In any case, all those decisions will have different 
expected 'returns' (both for the individual and for his scientific community) 
depending on the peculiarities of the objects under study in each discipline, on 
the theoretical, observational and experimental techniques available, and also 
on the different background presuppositions of each scientific community. 
This means that, even if two disciplines share the same epistemic utility func- 
tion, each one will tend to use a different combination of methods as long as 
they confront different relative costs. 

For the sake of simplicity, imagine that a scientist has only two possible 
'instruments' to choose between them: theoretical refinements and empirical 
testing, to which some amount of effort can be devoted in continuous quanti- 
ties TR and ET. Some differences between two disciplines (say, economics and 
physics) can be explained because of the different rates of return associated 
with each combination of these instruments. I will refer here to 'theoretical 
economics' and 'theoretical physics', that is, to the work of those researchers 
whose explicit aim is to find out a 'theory' about a certain aspect of the world;8 
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Versimilitude and the scientific strategy of economic theory 339 

I will also assume that these researchers try to find out a theory which has the 
highest possible value of Vs, or Vs,. The horizontal axis of Figure 1 indicates 
the amount of effort devoted to the empirical testing of the devised theories, 
that is, the attempt to derive testable empirical consequences from them and to 
indicate the empirical data which could be used to test them; if these attempts 
are successful, they will make it to increase the denominator of the expression 
of Vs, (as approximated in (3)). The vertical axis represents the amount of 
effort devoted to theoretical refinements, that is, to attempts to make the 
theory more plausible, i.e., more consistent with the discipline's background 
presuppositions; this will make it to increase the value of the numerator of Vs,. 
For each combination of ET and TR there will be a certain expected level of 
verisimilitude associated with it. It is reasonable to assume that the curves of 
constant expected verisimilitude must be decreasing (since a lesser amount of 
effort devoted to one instrument has to be compensated with a higher effort 
devoted to the other one) and convex (indicating decreasing marginal returns 
of each instrument: equal increments in the use of one instrument allow to 
substitute decreasing amounts of the effort devoted to the other one). Figure 1 
also shows that, at any point of the ET-TR space, the iso-expected veri- 
similitude curve of physics passing through that point will have a steeper slope 
than the curve corresponding to economics; this is due to the fact that an 
equivalent decrease of effort devoted to theoretical refinement will be easier to 

verisimilitude 

Figure I 
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compensate in physics with some additional effort devoted to testing than in 
economics (that is, in general it is less costly to devise strong and successful 
empirical tests in the former than in the latter, while we can suppose that 
successful theoretical refinements have more or less the same cost in each 
discipline; of course, the expected level of verisimilitude associated to one 
point of the ET-TR space need not be the same in both disciplines: it is 
reasonable to suppose that it is higher in physics than in  economic^).^ 

Assuming that the same total amount of effort can be expended by a 
physicist and an economist, both will have the same 'budget constraint' (a 
straight line with slope equal to -I), and their optimal choices will be those 
represented in figure 2, where EP', TRe, E P  and TRl' are respectively the 
amounts of effort in each scientific instrument chosen by economists and by 
physicists. The obvious conclusion is that the theoretical economist will 
devote more effort to theoretical refinements than the theoretical physicist, 
and less effort to empirical testing. It is important to note that the same utility 
function is assumed both to represent the epistemic preferences of physicists 
and those of economists; so, this methodological difference is due, according 
to the argument, only to the difference in the relative costs of empirical testing 
in both disciplines. 

This can be taken as a peculiar defense of the position usually known as 
'physics envy': the reason why economists have particular methodological 
practices is not that their epistemic preferences are essentially different from 
those of natural scientists; they simply confront a different set of constraints in 
their research processes. Economists try to discover and explain true, 
permanent, meaningful and objective facts about the world, just like any other 
natural or social scientist, but this does not entail that they should imitate the 
others' strategies. Economists, simply, are doing the best they can in the 
maximization of verisimilitude with the instruments they have and the kind of 
stuff they confront. Then, if the relative costs of empirical and theoretical 
(successful) research in economics and in physics are as I have supposed, then 
the hypothesis that both disciplines attempt to maximize the value of Vs, or 
Vs, not only explains the acceptance of several methodological rules of theory 
choice, but also some differences in the methodological patterns which we can 
observe in those sciences. 

So, coming back to the question with which this section began ('is 
economic theory too theoretical?'), from the fact that economic theory is more 
theoretical and less empirical than theoretical physics, it does not follow 
necessarily that it is also too theoretical and too little influenced by empirical 
testing. It would not make it necessarily 'better' with some different 
combination of theory and testing, since this choice would lead to a lesser 
expected verisimilitude than that reached through the optimal choice in figure 
2. Given the nature of economic facts, transferring to empirical testing some 
part of the effort devoted to theoretical refinements would not warrant that 
economic theories become better from the epistemic point of view.I0 
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TR Economics 

Iso expected 
verisimilitude 

Figure 2 

4 REALISM AND VERISIMILITUDE IN ECONOMICS 

Milton Friedman's classical prescription of devoting much effort to finding 
out successful predictions, and much less to justifying the 'realism' (or, as it 
has been suggested by Uskali Maki, the 'realisticness') of the economic 
models' assumptions, seems to be particularly conflicting with the conclusion 
of the past section." I have interpreted the search for successful predictions as 
an attempt to maximize the value of the denominator of Vs, or Vs, for some 
given theory, and we can read Friedman's recommendation as telling that what 
economists should do would be to choose the 'right comer solution' in figure 
2, or some point close to it. But, if the 'epistemic returns' of each strategy are 
as depicted in figure 1, it will be more efficient for the maximization of Vs, or 
Vs, to follow some 'mixed' strategy, even one more skewed towards the left 
comer. This means that, besides some reasonable degree of empirical success, 
economic theories will normally tend to be defended on the ground of their 
consistency and similarity with the background presuppositions of the disci- 
pline (or of each economic school), and this is a highly theoretical work.12 

The numerators of Vs, and Vs, in ( 3 )  were, respectively, p(T B )  andp(T", B).  
Maximizing these quantities can be reasonably interpreted as maximizing the 
degree of realisticness of the theory, not in the (Popperian) sense of its 'close- 
ness to the full - and unknown - truth', but in the less obscure sense of its 

D
ow

nl
oa

de
d 

by
 [

T
he

 U
ni

ve
rs

ity
 o

f 
B

ri
tis

h 
C

ol
um

bi
a]

 a
t 2

2:
59

 1
8 

N
ov

em
be

r 
20

14
 



342 Articles 

coherence with our basic beliefs about the working of the economic system 
and about the desirable formal structure of economic models (recall that B 
comprises not only ontological but also ideological and heuristic assump- 
tions). The second expression (p(Tu,B)) takes also into account that, though 
theory T may be surely false according to our background presuppositions 
(because it contains simplifications, idealizations, or other counterfactual 
assumptions) it can nevertheless offer a description of reality similar to what 
one basically assumes about the world, and the prior probability of Tu can be 
high even if the margin of approximation u is more or less small. So, even a 
very formalized and stylized economic model can still be very 'plausible' for 
many economists if its assumptions are consistent with three basic ideas: the 
identification of individual rationality with expected utility maximization; 
the assumption that a stable equilibrium obtains; and the idea that certain 
mathematical concepts and techniques offer a description of the economic 
situation not very far from the way things essentially are. The elements of 
reality which are more contradictory with the idealized structure of the model 
are usually considered 'less relevant', in such a way that their suppression in 
the model is not seen as a big departure from reality. For example, the 
assumptions of price-taker agents and one-price in competitive markets, of 
rational expectations in new classical macroeconomics, or of more or less ad 
hoe utility functions in the economics of information, all of these are seen as 
unacceptably strong idealizations by many heterodox economists, but simply 
as approximately true descriptions of the world by many mainstream scholars. 
This means that the underlying definition of the margins of approximation u 
will be basically school-dependent, and we can take it as an essential element 
of the 'basic presuppositions' of each school (that is, as an element of B).13 

It is interesting to note that one of Friedman's main arguments to defend the 
acceptability of the maximization hypothesis is that the market will eliminate, 
through a process of 'natural selection', those entrepreneurs who do not 
choose that strategy which leads them to make maximum profits; so, we can 
expect that the market will be populated mainly by profit-maximizing firms, 
even if their managers do not consciously intend to make optimum profits. 
But no empirical proof of this argument is offered in Friedman's essay. So, the 
value of this argument depends solely on its consistency with our basic 
knowledge of the functioning of the market. Stated in our formal framework, 
Friedman's aim is to show that, even if our background ideas (B) are in contra- 
diction with the hypothesis 'entrepreneurs try to make maximum profits' (H), 
the probability of the proposition 'entrepreneurs act as if they tried to maxi- 
mize profits' (Hu) given B is, instead, very high. 

The consistency between the empirical consequences of a theory and our 
observations of reality are, of course, another important element to assess the 
epistemic value of that theory. In fact, it can also be argued that a theory is said 
to be 'realistic' if, among other things, it makes correct predictions.I4 For, if 
two theories have the same degree of prior probability, but one of them makes 
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much better predictions than the other, then the former will obviously offer a 
description of the known facts 'closer to the truth' than the latter. The expres- 
sion of Vs, also takes into account that, in order to reach a high epistemic 
value, it is not strictly necessary to have a full coincidence between the 
theory's predictions and the empirical observations: the theory can simply 
make predictions which are close enough to the observed facts (v being the 
acceptable margin of approximation). But, in any case, if the effort directed 
towards the discovery of successful predictions is less productive in 
economics in terms of verisimilitude than the elaboration of elegant models 
and mathematical proofs, it is reasonable to expect that theoretical economists 

I 
will devote less effort to that kind of activity than other scientists. 

The fact that increasing p(T,B) or p(Tu,B) is a good strategy for the maxi- 
mization of the verisimilitude of T has contributed to create the impression 
that economic theory is a deductive science (rather than an 'inductive' or 
'hypothetico-deductive' one). This is due to the fact that the best way of 
increasing the prior probability of T is simply to show that it derives from B 
(since, in this case, p(T,B) equals one). If the main postulates of economic 
theory derive from common sense, from casual experience or from a priori 
judgements (as it was defended by most prominent economists in the Classical 
School and by some others in the present), then no amount of empirical testing 
would be necessary. But in that case economic theory would offer simply a 
conceptualization of empirical facts, not an explanation of them. For example, 
one can try to transform economic hypotheses into formal theorems, as Adam 
Smith's 'invisible hand' and Walras' 'general equilibrium' ideas were trans- 
formed into Arrow and Debreu's proof of the first fundamental theorem of 
welfare economics. In a case like this, we would have the left corner solution 
in figure 2. This extreme solution is also a too extreme one. Perhaps Friedman 
was thinking of such 'apriorist' approaches to economics when he proclaimed 
the necessity of more empirical testing, though he exaggerated in saying that 
this testing alone was the only source of epistemic value for economic theories 
and models. 

Finally I shall indicate some connections between my conclusions and 
several recent approaches to economic methodology. In the first place, the 
difference between the strategies of maximizing the denominator or the 
numerator of the expressions in (3) is similar to the difference indicated by 
Uskali Maki between 'empirical' and 'ontological' constraints on economic 
theorising.15 Economic theories must be 'realistic' in the sense of employing 
assumptions as close as possible to what we know about the working of 
the economy, as well as in the sense of offering detailed descriptions of some 
'hidden' structure of the economic system (note that what is 'hidden' are the 
connections between economic facts, not some kind of 'theoretical' economic 
entities). Obviously, the acceptability of the hypotheses about such 'hidden' 
structure must be also assessed mainly by their empirical success. Further- 
more, both in physics and in economics, once a theory about some 
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'unobserved' reality has reached a satisfactory level of empirical verisimili- 
tude, it can be taken as a 'datum' to be explained by a still 'deeper' theory. 
Unfortunately for the economics profession, physicists have been more suc- 
cessful in finding out such verisimilar theories at different levels of 'depth'. 

Uskali Maki has been also one of the few economic methodologists who 
have tried to make an interesting use of the concept of verisimilitude. In a short 
contribution to a book on falsificationism in ec~nomics , '~  he has attempted 'to 
outline an idea of how an economist with essentialist intuitions might view 
scientific progress as increasing truthlikeness'. His idea (which he calls 'esse- 
similitude') is basically that of maximizing 'likeness or closeness to the truth 
about essences or ontic cores in the ec~nomy ' , '~  where these 'cores' are seen 
as deeper and deeper 'layers' of the real systems under study. I guess that my 
definitions of empirical verisimilitude offer an acceptable formal recon- 
struction of some of the intuitions behind Maki's proposal, since they can be 
interpreted as 'the degree in which a theory seems to have approximately 
captured the essential elements of a given reality'. These 'essential elements' 
are, simply, what our basic presuppositions tell us a priori about the economic 
system plus what our experience has shown a posteriori as strong regularities 
about that system (and, the stronger they are, the more 'essential'); obviously, 
a theory can only have a high value of Vs, or Vs, by being highly compatible 
with those presuppositions and by entailing many known regularities as strong 
as possible (remember that this last requisite tends to favor theories which are 
'deeper', and hence, less probable a priori). Finally, note also that, as in the 
case of Kuipers' definition of verisimilitude, my own definitions do not refer 
to the closeness of a theory to the actual state of the world, but to its closeness 
to a set of lawlike propositions (some of them discovered by means of 
reflection and some empirically). 

In the second place, and regarding the work of Deirdre McCloskey,18 the 
approach followed in this paper allows us to give a definite sense to the expres- 
sion 'rhetoric', and hence, to see 'persuasion' as a rational strategy in the 
maximisation of verisimilitude. I propose to include under the term 'rhetoric' 
all those arguments directed towards the modification of prior probabilities; 
since the probability functions employed in this paper have been assumed to 
be subjective, they can be changed through the use of many kinds of strategy. 
For example, if you did not know that T can be derived from B, but accept a 
proof of such a derivation laer, your subjective value of p(TB) will pass from 
some number lesser than one to one; this proof can be a formal one (like the 
transformation of the 'invisible hand' hypothesis into the first fundamental 
theorem of welfare economics), or an informal one (like Alchian's and 
Friedman's 'proof' that the market will tend to select the profit maximasing 
firms). In other cases, a mere change of wording can serve sometimes to shift 
downwards or upwards someone's subjective prior probabilities: think, for 
example, of the refrasing of 'natural rate of unemployment' into 'non acceler- 
ating inflation rate of unemployment', or of 'profit' into 'surplus'. As long as 
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all these strategies can make it higher or lower the value of p(T,B), they can be 
used to affect the verisimilitude that each researcher assigns to theory T. In this 
sense, rhetoric should not be seen as a strategy opposite to that of increasing 
the realisticness of economic models, but rather as a very useful way to do just 
this, as Maki has recently suggested.lY 

Lastly, my criticism of instrumentalist methodology in economics has 
also some interesting connections with Hausman's diagnosis of the economic 
method. According to Hausman, mainstream economic theory has been 
governed since the times of the classics by the strategies of 'inexactness', 
which he accepts, and 'separateness', which he ~ r i t i c i ses .~~  As I understand 
these strategies (which I will not try to interpret in depth here), the former 
amounts to the recognition that economic reality is too complicated to be des- 
cribed in detail by tractable economic theories; so, these theories will 
necessarily offer inexact (and sometimes very inexact) descriptions of the 
facts. The strategy of separateness amounts to the refusal to explore alter- 
native causal hypotheses, different from the 'individualist-rationality-with- 
equilibrium' assumption of most economic models. Hausman suggests2' that, 
though inexactness can not be totally avoided, some of its negative con- 
sequences could by alleviated through the use of richer empirical methods; 
from the point of view of the model I have developed in section 3, the use of 
new empirical methods would make the iso-expected verisimilitude curves of 
economics more sloped, moving towards the right the optimal choice in 
Figure 2, and, on the other hand, it would increase the height of each curve, 
and accordingly the maximum expected verisimilitude reachable with a given 
amount of effort. With respect to separateness, Hausman's recommendation is 
to explore new theoretical possibilities; this would be equivalent to putting 
under scrutiny the background presuppositions of economic schools, espec- 
ially of mainstream economics. In any case, both of Hausman's suggestions 
would be something like an 'external shock' in the model of section 3, and 
so, it is difficult to see how the economics profession could undertake 'endo- 
genously' such a revolutionary change in its tools and its basic pre- 
suppositions. 

5 CONCLUSION 

In spite of its increasing mathematical sophistication, economic theory is 
a branch of science much different from physics; the main source of this 
difference is not the impossibility of building up economic models in an 
axiomatic fashion, nor the supposed fact that the epistemic aims of economics 
are not the same as those of physics. I have assumed in this paper that all 
science has the same fundamental epistemic aim: maximization of empirical 
verisimilitude, which basically depends on the prior plausibility of each 
theory and of its degree of empirical success. From this assumption I have 
shown that methodological differences between scientific disciplines can be 
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explained by the different 'rates of return' that each methodological strategy 
may have in each discipline. In particular, it is rational to expect that economic 
theory is less empirical than those branches of natural science where success- 
ful strong predictions are easier to make. This means that increasing the 
plausibility of the economic models' assumptions, (i.e. increasing their 
'realisticness') will usually be a reasonable strategy for the maximization of 
the verisimilitude of economic theories. Rhetoric, for example, can be taken as 
an instrument, among others, to carry out this strategy, and not as something 
running against the pursuit of 'realisticness'. 

Jesh  P. Zamora Bonilla 
Department of Economics, Universidad Carlos III de Madrid, 

Spain 
jpzb @ eco. uc3m.e~ 
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NOTES 

1 Two brief summaries of the key issues in the field are Dasgupta and David (1994) 
and Stephan (1996). A longer survey of the main problems is Wible (1998). From 
a more philosophical perspective, see also Kitcher (1993 ch. 8). Some 'classic' 
attempts to model scientific decisions in an economic fashion are Peirce (1879), 
Boland (19711, Sneed (1989) and Goldman and Shaked (1991). 

2 See Niiniluoto (1987 ch. 12) for a survey of the concept's history. 
3 One of the most complete and convincing expositions is Howson and Urbach 

(1989). 
4 See esp. Niiniluoto (1987). For a survey of the recent work on verisimilitude, see 

Niiniluoto (1998). 
5 See, for example, Kuipers (1992) and (1996). 
6 Of course, the notion of 'theoretical possibility' is far from being clearly defin- 

able, but I will not discuss it here. 
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See Zamora Bonilla (1996) and (1997). 
Most economists throughout the world are not theoretical economists, that is, 
they do not have the aim of devising and establishing theories or abstract models; 
they simply try to apply some tools derived from economic theory or from statis- 
tics to explain, understand or predict economic facts, or to make some economic 
prescriptions (I owe this observation to Uskali Maki). Of course, the work of 
these 'empirical economists' is the main source of facts to be used in the testing of 
theories and models, but this is not the 'effort' I am referring to when I talk about 
'empirical testing'; by this expression I mean the work of deriving testable 
predictions and indicating the data which could be relevant for that testing. 
One anonymous referee indicated that empirical testing is actually not cheaper in 
physics than in economics: many experiments, especially in high-energy physics, 
are incredibly expensive, indeed! Besides the fact that most experiments in 
physics are not so expensive, one can also argue that the 'total' cost of an experi- 
ment is not an appropriate measure; what is important is the 'unit' cost of an 
increase in lIp(C(E,T)): one can reasonably doubt that one million dollars spent 
on economic experiments or observations may produce the same amount of 
strong empirical regularities than the same money devoted to physical or chemi- 
cal experiments. On the other hand, what I am analyzing is the choice of the 
theoretical scientists, who must choose between increasing his theory's veri- 
similitude by 'polishing' it formally and conceptually, and doing it by deriving 
predictions from it; the cost (in money units) of testing these predictions will not 
affect his choice as long as this cost is assumed by the experimenters; the 
theoretician's costs I am referring to are, instead, 'psychic' costs (such as effort 
and time). 

In any case, I think we can make the prediction that, as the costs of experi- 
mentation in certain branches of natural sciences rise disproportionately, the ratio 
of 'theoretical refinements' to 'empirical research' will also grow in them. 
Economic theory would be too theoretical if its practitioners chose an amount of 
effort in theoretical refinements still higher than TRe. Obviously, if we take 
into account not only the epistemic part of the economists' utility functions, it is 
certainly possible that they face a system of incentives which tend to over- , 
estimate theoretical work, but this should be interpreted as a failure of the 
institutional mechanisms which sanction the 'right' methodological attitudes of 
the theoretical economists' profession (see Mayer (1993) for a convincing argu- 
ment in favor of the existence of this failure). I will not discuss here whether such 
perverse incentives exist or not; my point is simply that being less empirical than 
physics or other natural sciences is not a sufficient reason to assert that economic 
theory is too theoretical. 
Friedman (1953). 
We can also read Friedman's thesis as defending that iso-expected verisimilitude 
lines in figure 1 are vertical; these lines would represent the epistemic utility 
function of a typical instrumentalist. But the consistency of the methodological 
rules derivable from Vs, and Vs, with some common methodological attitudes 
indicates, from my point of view, that real scientific researchers (including 
economists) are actually not so instrumentalist at all. 
Take also into account that these margins can not usually be defined quanti- 
tatively and precisely, but only in a very qualitative and informal fashion. 
This is, for example, one of the senses of 'realisticness' examinedin M&i (1994), 
p. 242. I am using the term 'prediction' to cover whatever empirically testable 
consequence of an economic theory or model, not necessarily one directed 
towards the future. 
See Maki (forthcoming), whose ideas have strongly influenced this paper. 

D
ow

nl
oa

de
d 

by
 [

T
he

 U
ni

ve
rs

ity
 o

f 
B

ri
tis

h 
C

ol
um

bi
a]

 a
t 2

2:
59

 1
8 

N
ov

em
be

r 
20

14
 



348 Articles 

16 See Maki (1991). 
17 Op. cit., p. 89. 
18 See McCloskey (1985). 
19 See Maki (1995). On the other hand, I think that rhetoric may still have another 

important role within economic theorizing (and within scientific theorizing in 
general), which is related to the fact that the verisimilitude of a theory depends 
essentially upon the basicpresuppositions ( 'B')  of each 'school'. This role would 
be to help us in the discussion about which presuppositions are more reasonable. 
For example, we could discuss whether the acceptability of an economic model 
should depend more on the realisticness of its assumptions than on its mathe- 
matical elegance, whether the existence of a general equilibrium should be taken 
for granted in macroeconomic models or not, whether politicians should be 
described as mere 'rent maximizes' in order to understand the influence of the 
government into the economy, and so on. I think that, in general, the arguments 
supporting one position or another in those discussions have to be 'rhetoric', in 
the sense that they are lastly grounded neither on logical proofs nor on empirical 
data. 

20 See Hausman (1992), pp. 90 ff. 
21 Hausman (1992), pp. 2 5 3 4 .  
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