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Abstract

I am arguing that it is only by concentrating on the role of models in theory
construction, interpretation and change, that one can study the progress of science
sensibly. I define the level at which these models operate as a level above the purely
empirical (consisting of various systems in reality) but also indeed below that of the

fundamental formal theories (expressed linguistically). The esse ly multi-

interpretability of the theory at the general, abstract linguisti el, implies that it

can potentially make claims about systems in reality, oth particular one

model of it (constructural level); and from there system in reality. Clearly

then the level of fundamental theories gam ] Nancy Cartwright - in

cannot be studied without th ] ledge that these systems have one

he range (or other pole) of a

1. Introductio

One of the most powerful arguments against scientific realism is the so-called
argument from scientific revolutions. The argument centres around the seeming
contradiction implied by the following question: How is it possible, if scientific
realism is true, that the history of science abounds with examples of theories that
have had great predictive successes, but that were supposedly 'unmasked' eventually
by later science as being 'undeniably and totally false'? I want to offer a possible
answer to this question by formulating the outlines of a more 'sophisticated' scientific

realism which I will refer to as model-theoretic realism. I shall do this by analysing
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the relation of so-called 'correspondence between a scientific theory and reality’, for

which an exposition of the logical development of scientific theories is a prerequisite.

Worrall (1994) offers three possible ways in which scientific realists can approach
this argument. He and I choose the same option as the most plausible one, although
our approaches and even our interpretations of its possibilities differ. The option we
pick is '...to try to show that there is a "level" (below that of the fundamental theories
but above the purely empirical) at which there has been continuity or quasi-

continuity despite "scientific revolutions™ (Worrall 1994: xxv).

I interpret the purely empirical level as consisting of various s s in reality and

our interactions with them, while I view the level of 'the fi theories' as a

linguistically expressed, is the inescapable abstrac al nature of all linguistic

expressions. The reason why this emphasi ill become clearer when I

formulation o eories -logically, simply by emphasizing one-by-one the

real, conceptual a nguistic aspects of this developmental process. And, moreover,
I am not only claiming that there is interplay between these aspects; I require that

there must be interplay between them.

In order to explain these stages, the interplay between them, and their role in

formulating the outlines of a more sophisticated version of scientific realism as
clearly and intelligibly as possible, neat and explicit definitions of key terms are
needed. To do this, I will invoke the help of certain definitions and theorems of

mathematical Model Theory2, as exemplifications of my key notions. It must be
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understood that this does not imply that I am claiming that every theory must be
formulated in a formal language, or that a mathematical structure has to be defined
for every interpretation of a theory. I am rather, as already stated, implementing
these mathematical notions because of mathematics' special characteristics of
exactness and distinctness. And, since notions such as 'model'interpretation’,
'relation’, 'true' and so on, have been interpreted and applied in so many different
ways in philosophy of science over the years, and as they play key roles in my paper,
using the definitions of these notions as they are expounded in Model Theory, seems

onstruction of

to be a good idea. This mainly comes down to the fact that I see

in both its construction and its interpret
scientist's research as starting yStem distinguished in reality, moving

to a constructural level [ ienti formulate the particular intended

theory, as a linguistic de [ ended model. The important point is that

be seen as essentially multi-interpretable in the

the case with a al statement, its particular instances are only potentially

implied, not yet filléd in. This is what being general means.

Now I want to retrace this movement by moving the other way, that is, by starting
from the formulated theory and trying to analyse its relation -if any - with some
(systems in) reality. What happens if scientists become interested in a specific
theory?3 They must interpret the general theory in such a way that it becomes
meaningful to their (intended) research. And, I claim, they do this by creating or

constructing in their turn, certain conceptual context-specific models of the
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linguistically formulated theory. But that brings them only to the middle level of my
exposition. The last move that is needed - that is, from this constructural level to
systems in reality - is a second interpretation (say a mapping or linkage or
conformation) in the sense that the concepts in the context-specific models at the
constructural level, are given meanings in terms of entities and relations perceived in

systems in reality.

In short, I shall thus describe a scientific theory as a set of uninterpreted' statements,
lds the
ng - theory, and,

with the potential of being interpreted in any number of ways. This

promise of a variety of particular interpretations of that one - u

of a variety of particular linkages of those context-specific i tions (models) to

want to point out some of its important conseque e over-all objective still

being to lead to a more pliant and sophigti cientific realism.

(1) It has the potential to redefine, and n of correspondence
itself, as being much more than a sort of iterion for scientific
knowledge.

( 2) Applied to truth cfite ral, it hagwery obvious implications for any

( 4) Finally, it helpsto give a clearer over-all description of science as being a process
in which our knowledge of reality is neither incommensurable, disconnected
'‘pockets' of knowledge claims, nor simply boringly accumulative, but as rather being

somewhere in between.

2. The composition of a scientific theory

I will start by explaining in more detail the three (main) overlapping and mutually
dependent - stages of the logical development of a (scientific) theory, that I have

already mentioned in the previous section. I will use a rational reconstruction of the
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development of Newton's theory of sola[ systems (in particular) to illustrate my

explanations concretely.

Newton wanted to do research about the movement of the planets in our solar
system. But, since he couldn't study all the complexities of this system as it manifests
itself in the manifold of reality, he identified the details necessary for his research
goal, by abstracting from tiffs system in reality only those specific features in which
he was interested. He would have discarded, for instance, the fact that the sun's rays

are hot, that Mars seems to be reddish in colour, and so on, Thus, eyén the

in their tarnhare guided by so-called thematic preferences (Holton, 1995). Among

these prefere nndamental presuppositions, held consciously or

unconsciously, show up in the motivation of scientists actual day..to-day work
as well as in the end product (Holton 1995:456) are to be found. Einstein spoke in
this sense of free coventions (Ibid: 464). Examples of the preferences or conventions
which particularly guided his theory construction are ... the primacy of formal (rather
than materialistic or mechanistic) explanation, unity or unification, cosmological
scale in the applicability of laws, logical parsimony and necessity, symmetry, as long
as possible, simplicity, causality (in essentially the Newtonian sense), completeness

and exhaustiveness, continuum, and of course constancy and invariance. These
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themata, to which Einstein was obstinately devoted, explain why he would continue
his work in a given direction even when the tests against experience were difficult
and unavailable (as in General Theory of Relativity), or, conversely, why he refused
to accept theories well supported by phenomena, but, as in the case of Bohr's
quantum mechanics, based on presuppositions opposite to his own, namely
discontinuity, inherent probabilism, and the abandonment of completeness in the

description of phenomena' (Ibid: 457).

Back to Newton. Based on his research (i.e. his laws) and its implications, he would

have attempted - possibly many times to articulate the content s model and the

formulation of his findings - be it in a formal lan, atural language or a

combination of the two. This I identify lar systems in this case).

of its formulation in language, and because ment from a level where
certain abstractions have alreg i ef it would have an inherently general
oduction, generality always implies
y of ways to interpret any general
statement. I therefore thinkief [ om the system in the real world to the

of the degrees of comparison of 'general'.

can be explained e or less unproblematically, because such an explanation is
analogous to explaining a mathematical interpretation of a formal language
statement. The second jump, though of roughly the same type as the previous one, is
much more problematic, mainly because of three reasons. I shall expound on them in

subsection 3.2 below.

3.1 The move from the theory to its interpretations or models
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As promised in Section 1, I will employ certain model-theoretic notions to illustrate
as intelligibly as possible, some of the possible implications of the particular model of
the development and interpretation of a scientific theory I am proposing. I will
concentrate on the treatment in mathematical logic of the relationship between, on
one hand, expressions; which for the purposes of this paper, I like to think of as the
formal-linguistic form of a theory and, on the other, mathematical structures
realizing these expressions - which I am thinking of as models determined by the

various contexts in which one theory can be applied by the various scientists

interpreting it, and which assign reference to the signs and sent of the theory.

I shall begin by informally explaining the notions of interpr, nd model as they

language L. Now, in this language, L, there will ther things-an infinite,
etters. Then, it is possible

meaning to the symbols in

language.

Coming then to th€motion of a 'model’ of a sentence in the language, I want to
emphasize the special meaning - an epistemological (rather than an ontological)

meaning - which is ascribed to the notion of truth in Model Theory.

If every free occurrence of variables in a formula in language L, refers to an element
in the domain of an interpretation of L. by means of a specific valuation (which is a
simple function ascribing one value from the domain to each variable in L) it
becomes possible to define the notion of a model. A model of this formula will be an

interpretation under which that formula is true by the specific valuation defined for
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its (the formula's) variables. For example, consider the formula Pxy. If P is
interpreted as the relation < and if x and y are given the values of 3 and 5
respectively, then we say that Pxy is true under that interpretation and we say that
formula Pxy in language L is satisfied by the valuation in the domain of
interpretation U, ascribing the given values to variables x and y. (Because 3 is indeed

smaller than 5.)

Now, a sentence is a formula with no free occurrence of variables. But this definition

(of the truth of a formula) implies that a sentence will either be tru

sentences we may speak of truth under an interpretation

valuations. And, a set of sentences is true under an inte

is true.

This implies of course, that it is the set g
and the definition of the relations on tl
sentence - or a set of sentences - in lang
under interpretation U ( 1) idg true under interpretation U2. The

pistemological one in the sense of

interpretation of e structure of which will be determined by the particular
context in which this scientist is working. This context, in its turn, will be determined
by the scientist's research, intentions and objectives and may thus, in principle, differ
from the context(s) in which any other scientist(s), interested in the same theory, are
working. (See Footnote 3 again.) Let's from now on call Newton the 'original

scientist' and any other scientists considering his theory interpreter-scientists'.

For the sake of clarity, I want to emphasize that these interpretations or models are

constructed within specific contexts. The model is a specific interpretation of the
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theory in which all its (the theory's) sentences are true. But, I see the same role for
thematic preferences, personal motivations and research goals here as in the
construction of the intended model. Thus, one must distinguish between model and
context, in the sense that thematic preferences shape the contexts in which scientists
work, and these contexts, in their turn, shape the construction of specific

interpretations or models of theories.

If, in analogy to the mathematical notions set out above, I thus take the set of axioms,

Z,to be Newton's theory of solar systems expressed formally, I can miith the following

example illustrate the use of different models to interpret one t . Until 1820, a

group of 'interpreter-scientists' of Newton's law of gravitati is three laws of

good solution to the problem. So, scie

eighth planet, and thus the constructio

in the formulation of the theory become apparent via different models of it.

3.2 The move from the models of the theory to reality

In moving now to the so-called 'second jump', that is, from the constructural level to

systems in reality, I want to emphasize the following;:
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(a) This jump - from the constructural level to some system in reality -is often
mistaken for a jump' from the scientific theory itself to - an aspect of - reality. Thus,

in the process, the constructural, middle level is entirely ignored.

(b) This second jump is the relation which traditionally addresses the problematic
notion of so-called 'correspondence’ between concepts named by the terms in a

theory and entities in reality.

(c) The first jump is a jump to some context-specific model or interpretation which

the person interpreting the theory constructs (creates), but the se jump is to an

aspect of reality already existing (in a certain sense) which na y complicates the

nature of the jump.4

Here, I think, a comment on the use of the term cons i iate. It is
meant to refer to the two main features of this ley, ns are
being created (the contextspecific models) and ipSfructural, composition
which has a direct relation to the truth criteria of t text-specific model - is

determined context-specifically?

Then, more specifically, concerning the ion between a context-

specific model and an aspect of reality, th ing: This relation too, is analogous
to that of a mathematicald ucted for interpreting the sentences in
some formal language i del(s) are given 'real world' meanings
odels that can potentially exist at this
each other, so the mappings of their terms onto

fer and so there may even be different systems to

about scientific ons resulting in so-called 'paradigm' - or theory - shifts
unanswerable within a strict (scientific) realist context. The reason for this is simply
that according to a realist view, the terms of a predictively successful theory will refer
to some entity(ies) in the real world. But, if this theory is later claimed to have been
radically false, the question about the adequacy of this relation, which supposedly

mapped the terms of the theory onto entities in reality, arises.

As I have pointed out briefly above, the problem here is that the co-ordinating role of

this constructural level, operating between the theory and (systems in) reality is
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ignored. If this level is taken into account, however, the problem becomes rather

more trivial. More about this in the next section.

4. Conclusion

4.1 General

The claim carrying the most weight in this paper, is that the most important feature
of a theory. is its potential to be interpreted in a multiplicity of context-specific
models. This multiplicity doesn't provide evidence for anti-realist allegations of

contradictions - in the sense of the argument from scientific revo ns - but, on the

contrary, has the promise of coming closer to a better - I hop re encompassing

description of nature.

My claim, therefore, is that theories should be seen ich, via
their potential models, are given empirical meani i uch as theyare

applied (semantically) to certain specific, contex r, limited areas of
empirical reality, via context-specific models of the lanations and predictions
provided by a theory do not make claif e unique way, fixed
beforehand once and for all in some mi anguage to reality, but are
indeed very much a function of the parti odel in use in some particular context
at the time. I therefore seg as mapping limited, context-particular
sections of any system vducing simplifying (via abstraction)
assumptions which are & moved - in the light of its models'

respective predi
4.2 Modg

(i) The triekyanotion of correspondence

I have already @ d on the nature of the relation of correspondence' between

the terms of a theo¥y and reality, and I have, most importantly, pointed out that this
relation is actually between the constructural level of context-specific models of the
theory and systems in reality. The reason why this is so important is that it is the
variability or variety of models of the theory possible( 6) at the constructural level,
which explains so many of the problems philosophers have with scientific realism.
And, of course if one 'jumps' straight from the theory to reality this mediating or co-

ordinating middle level is completely bypassed.
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Why is this middle level a level of mediation? It is the first step in a particular
application of the general theory, and it promises a further specific characterisation
because some of its context-specific models may refer to even more specific entities
in some system of reality. Thus, it mediates between the general and the particular,
and it offers the possibility of inverting the initial action of abstraction from a system

in reality which led to the theory at the formal-linguistic level in the first place.

(i) Truth criteria

It is precisely this feature of the logical development of scientific t ies which

enables less naturalistically inclined philosophies of science tg hold on to some

version of realism in the following referential [Hans Radd term] way. In a

specific interpretations. Reference is i i d relations in the context-

specific model. But that is all. It is wit criteria, which can be

entities and relations in systemiS i pbe appraised for the first time because

only then will it be the p ity which will determine when and if

representational (in the sense of perfect mirroring of reality).

Having said this about truth, and having taken into account that the relation of
reference is built into the structure of any truth criterion (regardless of whether the
structure which is referred to, leads to the satisfaction of this truth criterion or not),
it should be evident that the referential relation too, has to be understood in model-
theoretic terms. Reference in a model-theoretic context is something far removed

from absolute universal relations of reference between language terms in a theory
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and entities and relations in reality. The linguistic terms in the theory refer to entities
and relations in the context-specific model, and these stand in some referential
relation to entities and relations in some system of reality. Therefore, if one takes the
complexity of the constructural level and its promise of various possible links to
systems in reality into account, it becomes clear that all that can be said about
reference to reality is that some model-specific terms may refer to system-specific

entities and relations in reality, but the nature of these entities and relations

(iii) The argument from scientific revolutions

The formal-linguistic level, however, cannot for th Nancy
Cartwright (1983) seems to be advocating], be ed to organize and

classify knowledge in the efficient manner which recise calculations possible.
Explanations and predictions are thus i e theory, but only
potentially, because of the theory's ab
scientific knowledge can only be expres

some contextspecific modela

e sets of preferences. Much rather, communication is
er to agreement or disagreement. Einstein and Niels
they differed, and moreover, they knew why they differed
so that the differenge’between their respective sets of thematic preferences did not
imply any form of incommensurability. The process of science has an evolutionary,

cumulative character, rather than a discontinuous authoritarian one.

In this respect then, the reason why model-theoretic realism offers a possible
counter-argument to the argument from scientific revolutions (or why it at least
softens the implications for scientific realism), is that it describes a theory (or
paradigm) shift not in terms of incommensurability (gila Kuhn)7 but rather in terms

of continuity at the constructural level. It is simply the case that, because of the
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epistemological notion of truth generated by this level, it offers the possibility that a
so-called discarded theory may still have models in which that theory can be true. It
is an interpretation of Newton's theory that is still used to send people to the moon -

although his theory has been (supposedly) discarded in favour of that of Einstein's.
(iv) The process of science

The metaphor of a clock( 8) adequately describes my view of the process of science.
Take the hour-hand to represent scientific theories at the general linguistic level, the

the

minute-hand to represent context-specific models of these theorie
constructural level, and, finally, the second-hand to represent irical data at the

level of reality. I claim then that the progress of science - i he three levels -

illustrated by the relationship between

theoretic sense, I think it is clear then th ¥ process of science in terms

of incommensurable disco s theo is simply too extreme and in a

sense, much too simple
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1. The words or guage, as they are written or spoken, do not seem to play
any role in my mechanism of thought. The physical entities which seem to serve as
elements in thought are certain signs and more or less clear images which can be
"voluntarily" reproduced and combined .... taken from a psychological viewpoint,
this eombinatory play seems to be the essential feature in productive thought -
before there is any connection with logical construction in words or other kinds of

signs which can be communicated to others' (Einstein 1954: 25, 26.)

2. For formal background see Tarski, A. (1956) and Bridge, J. (1977).
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3. Note that the original formulator of the theory may be among these interested
scientists - for instance, she may be simply looking at some other aspect of reality.
The particularity of each model does not imply subjectivity, but rather

intersubjectivity in the sense of communicability.

4. Let me briefly make one comment on the sense in which I claim reality to be
'already existing'. I acknowledge that the notion of reality' is influenced by the
interplay between accepted scientific theories and experiences of reality and in this

sense I allow the notion of reality as being changeable (in the sensgfef having

certain 'constructedfeatures), although this does not imply th notion of reality

unchangeable blueprint of the universe, and sec mapping is not between

models at the

features of scientific deve t, emphasized already in the thirties by

id (1984). Thus it becomes possible to analyse the

level offers the ch to analyse more clearly this co-enriching relationship
between science and reality, because its nature offers the possibility of studying the
place of recurrent socio-historical factors in theoretical change from within a
realist framework and thus to acknowledge possible interplay between systems in

reality and scientific (context-specific) models of theories.

6. Possible worlds'is meant not in Lewis's sense of fantastical worlds existing, but

simply in the sense of every 'possible world' potentially mapping some aspect of
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reality at the constructural level. Margolis: '"There are no "possible worlds", other

than the actual world, that exist de re' (Margolis 1995:105).
7. Lakatos, I. and Musgrave, A. (1970).

8. I have J. Heidema from the Department of Mathematics, Applied Mathematics
and Astronomy at the University of South Africa, to thank for this metaphor.
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