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Often we hear people saying things like: "What you are proposing 
may be theoretically true, but not practically," or: "This is only a theory, 
it has no bearing on reality." If we press somebody saying this, he or she 
may admit that theories refer to reality indirectly, but what they are di
rectly offering are mere models which only may have sorne resemblance 
with reality. Thus there is a certain pejorative use of the terms 'theory' 
and 'model'. I admit that theories usually have no direct impact o n real
ity, but that they should have, and often indeed have, an indirect one, 
namely via models. 

I'll argue that theories are so intimately connected with models that 
-in a certain sense- they even may be identified with models, or 
rather, classes of models. This is the basic idea of the so-called non
statement view of theories. To the extent to which this view is adequate 
the common sense is quite right in using 'theory' and 'model' inter
changingly. But, I'll argue, models also must be specified, we have to 
conceive of them. Thus, although theories are no stateme nts, but (loosely 
speaking) models, language comes into play nevertheless. 2 Also, of 

1 1 am grateful for critica! comments by Roberto TORREITI on an earlier version of 
this paper. By 'structuralism' 1 refer to the approach developed by Sneed, Stegmüller, 
and others, cf. esp. SNEED [71), STEGMÜLLER [761, BALZER 1 MOULINES 1 SNEED [87], 
and BALZER 1 MOULINES (eds.) !961; cf. also the bibliographies DIEDERICH 1 IBARRA 
1 MORMANN [89e1 and [94d]. 

2 The view proposed might be wrightly called a semantic view. Unfortunately this 
term is often used in a narrower sense, excluding structuralism, e.g. by F. SUPPE, cf. his 
[891 and my review [94c] and article !96a1. In order to avoid misunderstandings 1 there
fore prefer the expression model tbeoretic approacb to cover, i.a., structuralism, VAN 

9 
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course, a model should be modeling something, i.e., there are claims 
connected with models. Hence theories, although basically being mod
e ls, have a propositional side as well¡ the non-statement aspect has been 
overemphasized.3 

In this paper 1 am focusing on the smallest units of scientific theories, 
which structuralists call theory-elements.4 Usually severa! theory-elements 
combine to form what structu ralists call a theory-net. lt is these theory
nets which resemble most closely with actual scientific theories. (There 
even is a still higher unit considered in structuralism: so-called theory
holons, consisting of severa! theory-nets, and likely to be of a rather in
terdisciplinary character.5) The task, then, of the following explication is 
to express in set theoretical or model theoretical terms, what a theory
element is.6 (lt rnay be more appropriate to use category theory instead 
of set theory.7) 

Mode/s are structures satisfying certain conditions, usually called the 
a.xioms of a theory. Such structures typically comprise sets of higher logi
cal types. This has become clear already in the early 50ies when SUPPES 
and others have thoroughly axiomatized such elementary theories as 
classical partical mechanics. lt turned out that the structures which a 
theory is about are of the form 

(1) < Bp ... , Bh RP ... , Rn > 

where the B1 are certain "base sets," i.e., sets of objects of various sorts,B 
and the R1 certain relations. However, the relations typically are not be
tween elements of the B1 as such , but between elements of certain sets of 
higher order constructed out of these B1: power sets and direct products 

FRAASSEN's 'constructive ernpiricisrn', and Suppe's 'semantic view'. Cf. also the clarify
ing remarks in SCHEIBE 197], beginning of ch. n. 

3 Cf. SCHEIBE, op.cit., ch. 11, p. 46 (cf. sec. 111.1 , p. 85), and rny review, forthcorn-
ing in }GenPbilosSci . 

4 In the following 1 often say 'theory' instead of 'theory-elernent', for short. 

5 Cf. BALZER 1 MOULINES 1 SNEED [87], ch. VHI, sec. l. 

6 Cf. the appendix for a semi-formal explication of sorne key notions. HINST 1961 
gives a full -blown formal account. 

7 Cf. MORMANN [961. 
8 Usually sorne of the B, are mathematical sets. Within physical theories these serve 

as auxilfary base sets. But here we need not distinguish between genuine (or 
"principal") and auxiliary base sets. For e lucidating remarks on the interplay between 
physical and mathematical base sets cf. SCHEIBE, op.cit., ch. 11 , sec. 3. 
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and combinations of them. In other words , the structures (l) are o f a 
certain set-theoretical type, see Df. 4 , below. 

The typification of a theory's structures is but a first step . It doesn't 
say an"Ything specific about such structures . This is only done by indicat
ing a estructure) species I to which the structures should betong, see 

Df. 6. It is he re where the theory's "axioms" come in to play (a 1 , .•• , a,); 
they form the 'set-theoretic predicate' defining the species9 A species is 
something like a concept of higher logical order.IO Thus we may simply 
say that the theory's models are the structures falling under this concept, 
i.e ., belonging to the respective species (Df. 7 ) . Since one and the same 
class of structures may be the class of models of different species, we 
better identify a theory not with a species but with the class of its mod
els. We thereby abstract, so to speak, from d iffere nt axiomatizations of 
the same theory. Hence, in a first approximation, a theory may be re
garded as a system ofmode/s(Df. 7).11 

However, there are two necessary complications. One is that a theory 
typically applies to structures not individually but as combined in a spe
cific way. This trait is modelled by the notion of a constraint, see Df. 5. 
1'11 return to this point later.12 Thus, in a second approximatio n, a theory 
may be regarded as a pair <M,C>, i.e ., as a kernel in the sense of Df. 8, 
where M is a system of models and C a constraint of the same type. 

The o the r complication comes in from the distinctio n of theoretical 
and non-theoretical entities. Although this is one of the main constitue nts 
of structuralism, there still are ongoing controversies over this notion . 1 
do not want to enter these discussions he re . 1 just leave room for such a 
distinction by introducing sub-types (Df. 9) and allowing the so-called 
domain of intended applications of a kernel to be of a "smaller" type 
than the kerne l itself (Df. 10). The standard structuralist account formally 
separates the introduction of the theoretical 1 non-theoretical distinction 
from conceiving of applications, e .g. by first introducing "theory-cores" 
<M,C,MPP>, where MPP is a class of structures of the "smaller" type, the n 

9 For a purely set-theoretical definition cf. HINST, op. cit. 

10 Cf. TORRETI1 [90), sec. 2.8.4. 

11 Note, however, thatthis notion involves sorne axiomatization. 

12 There are severa( reasons for introducing constraints, first of all compatibility re
quirements in (the usual) case of various applications, but also the possibility of genu
ine second order laws, e.g. in thermodynamics (cf. BALZER 1 MOULINES 1 SNEED [87], 
III .5.4). 
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adding a domain A of intended applications of that type to form theory
elements.13 Besides avoiding a certain redundancy in typification 14 my 
main reason for deviating from this line is that 1 am convinced that 
theoreticity is a deeply pragmatic notion and thus comes into play only 
when applying a kernel. Also 1 would like to leave open the possibility 
that in a full-blown theory (a "theory-net" in the structuralist jargon) one 
and the same kernel is applied to structures of different sub-types, i.e., a 
component R1 may be regarded as theoretical in sorne applications and 
as non-theoretical in others. (1 suppress, in this paper, what structuralists 
capture by the idea of links, i.e. , a further component, built into theory
elements, to establish certain relations to other theory-elements. Thus 1 

am conceiving here of theory-elements as monads, so to speak, not 
reaching out to others.15) 

Although a theory-element T, consisting of a kernel and a domain A, 
in itself is no statement, it has a propositional side as well in that it is 
canonically connected with a claim, namely with 

(2) A E Con(T), 

where Con(T) is the "content" associated with T (cf. Df. 10). The state
ment (2) is sometimes called the theory element's "empírica! claim." 
However, the cognitive status of (2) depends on how, if at all, A con
nects with reality 1 the phenomena, cf. below. 

Note, that 1 have allowed for the possibility that there are no 
"theoretical" components at all. In this case a theory-element would just 
be a pair <M,C>,A> with A of the same type as M, connected with the 

claim 'A E PouM.nC. If there are also no constraints, 16 the kernel, the 
theory-element, and its claim may be identifieéi with just M, <M,A>, and 

'A~M', respectively; i.e., we are back toa kind of model theoretical ver
sien of a pre-structuralist conception of theory. 

After thus having neatly wrapped the theory's claim it is, may be, 
time to unwrap it a little bit again. Recall that A is a set of structures 
without the genuine theoretical components of the theory. Thus each 

l3 1 use 'A ' instead of the Slrucluralisls' '1' in order 10 suggest an interpretability in 
VAN FRAASSEN's 1enns as well, cf. below. 

l4 The dispensability of Mw connects with that of MI" cf. below. 

15 Cf. MOULINES 1 POLANSKI [96]. 
l6 No contraints: thal amounts lo the same as constraints C:= PowStrt\10}. 
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ae A may represent a part, o r an aspect, of reality which is described by 
means prior to the theory in question. In terms of VAN FRAASSEN (or as 

1 reco~struct his ideas)17, each ae A should be isomorphic to sorne phe

nomenon <¡>, belonging to a realm of phenomena, <l>: <pe<l>, <p""a. But to 
represent something by a set of structures, A, is not yet explaining it, i.e., 
not yet 'saving the phenomena'. The theory does not claim something 
about A as such, but only as a set of sub-structuresl8 of models of the 
theory. In structuralist terms the theory claims the existence of a set of 

models which have the ae A as substructures and which together fulfill 
the constraints. If, for the mo ment, we forget about van Fraassen's 
"isomorphy condition," the theory's claim, in his view, seems to be much 

simpler: There is a model which comprises all ae A as substructures: 

(3) (3J.Le M )('v' ae A)(a~J.L), 

instead of the structuralist's 

( 4) ('v' ae A)(3J.LE M)(a~Jl) , 

"plus constraints." 

(Here "!;;" denotes "is substructure of.") 

As is well known from elementary logic, (3) is a stronger claim than 
(4), ifwe forget about constraints. What structuralists have mode lled by 
this notion are the connections between the various applications of a 
theory. In van Fraassen's (3) these connections are depicted by the "one 
model condition." Isn't that much simpler than the clumsy structuralist 
concept of constraints? And also more natural? After all, if we regard the 
models of a theory as p ossible worlds, the theory's claim should be that 
the actual world (under certain aspects) is one of these possible worlds, 
and (3) seems to claim just this. A short reflection , however, may show 
that it is van Fraassen's rendering of a theory's claim which is clumsier: 

If a theory is successfully applied to a domain A(t) at time t and in

tended to be applied to a larger domain A(f) :::> A(t) at time t'>t, it does 
not suffice to check the additional ae A(f)\A( t) independently from the 

17 Cf. esp. his [80]. 

18 1 here use van Fraassen's term, although 1 suspect that what he refers to in this 
context is what model theorists sometimes call reducts, while "sub-structures" in model 
theory are structures of the same type as the structures whereof they are sub-structures, 
such as subgroups of groups. 
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already established applications in A(l). The new applications must, in 
van Fraassen's terms, be isomorphically embedded into one model that 
also covers A(l). This may be true for a certain model which would not 
work for a differently enlarged A• (neither including, nor being included 
in, A(f) and vice versa. Thus all conceivable domains A to which actually 
(platonically) the theory can successfully be applied, may not be ordered 
chain-like, and their union may not itself be a domain for successful ap
plication. Hence, the 'empirical development' of a theory by expansion 
of its domain of application may not, in general, be conceived of as the 

exhaustion of one maximum domain of actual applicability, say ~- That 
a theory is applicable to A may thus not be expressed by the inclusion 

statement A~.,. but only by a clumsier membership statement Ae 5l, 

where ~ is the class of all domains to which the theory actually is appli
cable.19 -Also structuralism better reflects the factual plurality of sci
ence. 

Those of you who are familiar with the structuralist approach cer
tainly have wondered why 1 didn't mention so-called potenlial models so 
far. The reason simply is: 1 don't think they are necessary. A further rea
son is: 1 find the usual account of potential models~ not very convinc
ing. Also it is open to criticism like that of TORRETTI in his Creative 
Understanding (1990).21 Torretti proposes a different account, and 1 am 
going to propose a still different one just for the case that, nevertheless, 
there should come up any need for the concept of potential models. The 
problem behind this confusing situation probably is that there are severa/ 
explicanda for this concept. The idea with which the structuralist expli
cation started is that 

(i) the potential models specify the conceptualframeof a theory. 

This goes along with the idea that 

(ii) potential models are non-commilting/ vacuous in the sense that every 
structure intended for application can be extended to a potential 
model. 

Torretti's proposal refers to a theory's development in a so-called theory
net: 

19 TI1is argument is taken over from my [96al, p.19. 

~ Cf. BALZER 1 MOULINES 1 SNEED [87], ch. l. 

21 TORRETil [90), cf. below. 
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(iii)Potential models of a theory-net are just the models of its basic ele
ment which serves as a frame. 

Let•s choose, as an example, the one Torretti chooses, which also is a 
kind of paradigmatic example of the strucuturalist approach: classicle 
partic/e mechanics (CPMll). In a simplified version the "axioms" for ap
propriate systems <P, T,s, mj> are: 

(1) Pis finite and non-empty, 

(2) TE Int(R), 

(3) s: PJ<T~ R 3 (twice differentiable), 

(4) m: P~ R•, 

(5) f: Px T ~ R 3
, 

(6) J-m·s. 

Evidently (6) is the only genuine law, while (1)-(5) just categorize the 
five components of an alleged system of classical mechanics. Only 
quintuples satisfying (1)-(5) we would want to put to a test whether they 
really are mechanical systems. In this sense (1)-(5) are only conceptual, 
while (6) is propositional (lawlike). The traditional structuralist approach 
therefore takes (1)-(5) as defining potential models, while models are 
those potential models which (also) satisfy (6). Thus it seems that the 
demarcation can easily be drawn. In general, however, it is not at all self
understanding which of the conditions defining models are substantial 
and which are not. BALZER 1 MOULINES 1 SNEED try to draw the line 
between conditions which, like (1)-(5), refer to just one component 
each, so-called cbaracterizations, and those which connect severa! com
ponents, like (6). However, as Torretti has shown convincingly, there are 
severe problems connected with this idea.23 Quite generally, I would say, 
this attempt dwells too heavily on the particular way the models are de
fined. 

My main argument against this propasa! relates to the explicandum 
(ii). Characterizations like (1)-(5) may still be too restrictive to fulfill (ii). 
We might for instance want to include among tentative applications more 
bizarre motions than (3) allows. In general, the domain A chosen for ap-

22 Op. cit., 3.4; cf. BALZER 1 MOULJNES 1 SNEED [87], 1113. 
23 Op. cit., 3.3. 
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plication should possibly be any set of systems of an appropriate sub

type p (i.e., any subset of St1{p)). 

Hence, the "projection" of the class of potential models, MP, should 

cover the whole class of structures of type p: 

(1) 1\M) ;¿ St1{p). 

Now, if we do not want to exclude the limiting case, r=id, i.e., the case 
where there are no theoretical components at all , we have to choose the 

widest possible candidate for MP, i.e., St1(:r:) itself. Thus my radical pro
posa( is 

(11) MP:• St1{t). 

It is evident that this proposal does not have to enter the concepts of 
a kernel: it doesn't at all refer to a particular theory or species.24 And it is 
compatable with Torretti's propasa( insofar typical basic elements 
(frames) may be vacuous, like CPM, in that they do not impose any ef

fective restrictions: if 1{M) - St1{p), then, of course, MP := M meets re
quirement (1). 

My proposal (11) also matches my deviation in defining constraints. 
Usually constraints are regarded as subsets of Pou(M¡), i.e., are defined 
with respect to a structure species.25 In accordance with (II) 1 prefer the 
purely set-theoretical Df. 5. Constraints, by the way, may be an obstacle 
to Torretti's solution, if they are not "wide enough": they should not nar
row down the frame and therefore should be taken in my more general 
sense. Also, if potential models are to specify the conceptual frame of a 
theory, one wonders why they are not defmed with respect to constraints 
as weii.26 Hence, the usual account doesn't convincingly fulfill idea (i). 

24 Cf. HINST 1961, Def. 3.23. 

25 Cf., e .g., BALZER 1 MOULINES 1 SNEED [871, 11.2.3. -HJNST [96] , p. 252, does, 
in effect, define constraints as 1 do. 

26 In the spirit of defining potential models by singling out the "characterizing" 
clauses within the definition of models, one would wam to pul the (restrictions of the 
second leve!) "characte rizing" conditions within the definition of constraints into the 
definition of potential models as well, i.e ., constraints, like models, are methodologi
cally prior to potential models. 
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Semi-Formal Appendix 

The following "definitions" are highly abstract and sketchy. They are 
not int~nded to sufficiently characterize the respective concepts. Esp. the 
last one, Df. 10, is best to be regarded as being partial, i.e., giving only 
necessary conditions for something to be a theory-element or its claim. 
Otherwise all kinds of weird structures would count as "models," 
"constraints," "theory-elements, " and so on. But relevant pieces of real
life theories should be reconstructable along the indicated lines. 

Df. 1: If 1 is a positive integer, 1-echelons are recursively defined 
schemes: 

(i) each numeral i, 1 ~ i ~ 1, is a /-echelon, 

(ii) if a is a /-echelon, so is >Potm<, 

(iii) if 0'1 and 0'2 are /-echelons, so is >(cr1xcr)<. 
(Take '>' and '<' as Quinean "comer quotes. ") 

Df. 2 : If a is a /-echelon and B , ... , B are sets, the echelon set a (B , ... ,B) 
1 1 1 ( 

is defined correspondingly. 

Df. 3: If /and nare positive integers and 0'1, ... , cr, /-echelons, 

t :- </, 0'11 ... , cr,> is a type (of orderord(t) :"' n). 

Df. 4: If t ~ <1, 0' 11 ... , cr,> is a type and B 11 ... ,B¡,RJ , ... ,R,. are sets, 

<B1, ••• , B1,R, ... ,R,.> is a structure of type t 

iff R,E a~B11 ... ,B) for all i, 1 ~ i~ n . 

Str(t) is the class of structures of type t . 

Df. 5 : If t is a type and e~ Pow Str(t), Cis a constraintof type t 

iff (i) e is non-empty, 

CiD 0 ~ e, 
(iii) {x) E efor all x E Str(t ). 

Probably all "real-life" theories' constraints are also "transitive, " i.e., 
obey also the condition 

(iv) lf X~ Y E C, then X E e 
(cf TORRETTI [90], p. 301, n . 27). -There might be a problem in case 

Str(t) is a proper class (cf. Hinst [96), pp. 252 f.) . 
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Df. 6 : If 't is a type and a 11 ••. ,a ,, for sorne positive integer s, are set

theoretical formulas "applicable" to structures of type 't, <'t,a11 ... ,a,> is a 

(structure) species of type 't. (A Jess sloppy account should, of course, 
include invariant cond itions; cf. e.g. HINST [961, p . 244ff, or SCHEIBE 
[97], sec. 11.3, pp. 65f.) · 

Df. 7: lf L = <'t,aw .. ,a , > is a species and }E St1('t) , y is a model of L iff 
all a ,, 1 ~ j ~ s, "apply" to y. M od(L) is the class of models of L· M is a 

system of models iff there is a species L such that M = MocKD . 

Df. 8 : If M is a system of models and Ca constraint of the same type, 
~-<M,C> is a kernel(of that type). 

Df. 9 : If 't = <l,crw .. ,cr,;> is a type, p a positive integer ~n, and p is ob

tained from 't by deleting all but p of the cr,, p is a sub-type of 't (of order 

p). A pair <'t,p> thus induces a function r : St7('t)~Str(p), which deletes 
the respective relations in structures; ' r is also to denote higher leve! 
functions corresponding to r. 

Df. 10: If ~- <M,C> is a kernel, its content is Con K :=Pow MnC. If K is 

of type 't, p a sub-type of 't, and 

A <;;;; Str(p) a set (representing a) "domain of intended applications," then 

T :-< ~A> is a theory-element with content Coñf :- r Con~and claim 

'Ae Corff', where r is the "projecting" function induced by <'t,p>. 
(BALZER 1 MOULINES 1 SNEED [87] would call such a T an "idealized 
theory-element" (without links), because it doesn't comprise a compo
nent for approximations; cf. their definition D II-17, p . 89, entering D 
VII-8, p . 352.) 

University of Hamburg, Germany 
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