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Idealization within a Structuralist Perspective*

Abstract
This is a study of the concept of idealization in terms of the structuralist view of scientific the-
ories. In the structuralist literature, the notion of idealization has been commonly analyzed 
as a sort of model construction. A short overview of this is provided in the first part of the 
paper. The main aim of the paper is however to provide a reconstruction of Leszek Nowak’s 
account of idealization as a relation between structures. Other attempts at providing such an 
analysis are examined and compared. It will be shown that the present account amounts to 
considerable advantages. After a presentation of Nowak’s syntactic approach and its main 
problems, I will try to reconstruct his analysis in structuralist terms. Although intuitively well 
motivated, Nowak’s approach has some philosophical drawbacks associated to its essential-
ism, its syntacticism, and its counterfactual character. Our structuralist reconstruction will 
overcome these difficulties.
Keywords: idealization - Poznań approach - model construction - abstraction - counterfactuals - 
truth approximation

Resumen
El presente trabajo es un estudio del concepto de idealización en términos de la concepción 
estructuralista de las teorías. En la bibliografía estructuralista, la noción de idealización se 
ha analizado comúnmente en relación con la construcción de modelos. En la primera parte 
de este trabajo, se presenta un breve resumen de cómo ha sido tratada esta noción en el es-
tructuralismo. El principal propósito del artículo, sin embargo, es proporcionar una recons-
trucción, en términos estructuralistas, de la concepción de la idealización de Lezkez Nowak, 
uno de los filósofos más relevantes en el estudio de la idealización. En el artículo también se 
examinan y discuten otros intentos del estructuralismo de proporcionar tal reconstrucción, 
mostrándose cuáles son las principales aportaciones y ventajas de la presente. Tras presentar 
la concepción sintáctica de Nowak y sus principales problemas, se intenta llevar a cabo una 
reconstrucción de su análisis en términos de relaciones entre estructuras. Aunque intuitiva-
mente bien motivada, la concepción de Nowak de la idealización presenta varios inconve-
nientes asociados a su esencialismo, su sintacticismo y su carácter contrafáctico. Nuestra re-
construcción estructuralista pretende superar todas estas dificultades.
Palabras clave: idealización - escuela de Poznań - construcción de modelos - abstracción - con-
trafácticos - aproximación a la verdad
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1. Introduction
Though there is an unanimous consensus that idealization is an usual resource 
in scientific reasoning and an essential aspect in the construction of scientific 
theories, there is by no means the same consensus in the use of the word “ideali-
zation” and there is no unique systematic (formal or informal) way to treat such 
idealizations and to understand their role in the structure of scientific theories. 
According to Leszek Nowak, undoubtedly one of the authors who has contribu-
ted a great deal to putting the term in the middle of the philosophical discussion, 
we can distinguish five different approaches to idealization:

(1) idealization is a method of transforming raw empirical data into “scien-
tific facts”;

(2) idealization is a method of constructing scientific notions;
(3) idealization is a deliberate falsification which never attempts to be more 

than truthlike;
(4) idealization is a way to create a construction that would fall exactly under 

the mathematical formalism serving as a model for the imprecise external 
world;

(5) idealization consists in abstracting or separating what is essential in the 
appearance of a phenomenon.1

These are however very informal and imprecise characterizations. For example, 
what is it meant by “scientific fact” in (1)? Or what is it meant by “truthlike” in (3)? 
Many papers and books in the philosophy of science literature from the sixties un-
til now are devoted to this last question.2 It is not my purpose here to discuss the 
notion of “truthlikeness” nor the vague one of “scientific fact”, but to make preci-
se the ubiquitous concept of idealization (more particularly, in structuralist terms).

Judging by the classification above, it could be said that the term “idealiza-
tion” is an equivocal, ambiguous one and, in fact, there are many authors who 
advocate one or another idealization conception of the list from the point of 
view of different and sometimes seemingly opposed methodological approach-
es. But, although (1)-(5) have indeed led to different methodological proposals, I 
want to leave open the possibility of a mutual reconciliation of these five concep-
tions, because–according to their informal characterization–I do not see a contra-
diction among them.

Among the few formal (or semi-formal) attempts to reconstruct the notion 
of idealization, Nowak’s is one of the most prominent.3 Nowak’s view has been 
followed, not only in Poland, by the members of the so-called Poznań-School, 
but also by well known philosophers as Nancy Cartwright (1989), who essential-
ly agrees with him and adopts his account4 and has influenced many others as 

1 This classification and the formulation of these five conceptions of idealization correspond almost literally to 
Nowak (1992), pp. 9-10.

2 See Niiniluoto (1998) for an outline of the different accounts until the recent years.
3 See Nowak (1980, 1989, 1990, 1991a, 1991b, 1992, 1995, and 2000).
4 See essentially Cartwright (1989), pp. 202-204.
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well.5 Nowak sees in Galileo the introducer of idealization as the main method 
in the natural sciences (whereas Karl Marx would be the introducer of this meth-
od in the social sciences). In fact, many authors speak about “Galilean Idealiza-
tion”, understanding by that a process of counterfactual deformation or misrep-
resentation in the sense of consciously supposing that something false is the case 
for practical reasons (see McMullin 1985, Haase 1995 and, more recently, Weis-
berg 2007). We will offer a brief sketch of Nowak’s account later in this article.

Another possibility of representing idealization in formal terms is given by the 
idea of understanding idealization in modal-theoretical terms (this is also accept-
ed by Nowak 1991a), that is, by trying to represent counterfactual deformations 
as statements about possible worlds that are enough similar to a centered, fixed 
one, which is considered to be “the actual world”. Following this line of thought, 
some philosophers use possible worlds and modal logic to provide an analysis of 
idealized generalizations. For example Cohen (1989), who sees idealization as a 
form of inductive reasoning, claims that idealized generalizations are to be graded 
inductively by means of the method of “relevant variables” in terms of their 
respective degree of “legisimilitude” and this notion of “legisimilitude” can be 
analyzed in its turn in modal-theoretical terms. Ronald Laymon is also among the 
most important philosophers who have concerned themselves with the problem 
of idealization. In his many contributions,6 idealization is treated as a sort of ap-
proximation to the truth to a certain degree. Laymon (1982) explicitly admits a 
“converging counterfactual theory of confirmation”, according to which scientists 
would proceed as if they were developing more and more accurate descriptions 
of reality: “convergence to experimental values given more realistic treatments is 
then seen as confirming the theoretical basis of these calculations” (Laymon 1982, 
p. 115). Laymon does not explicitly provide a formal account in terms of modali-
ties, but this suggestion can surely be carried out, by providing an appropriate se-
mantics for the counterfactual conditionals involved. A Lewisian semantics could 
do the job, but no one has provided a formal account of idealization explicitly in 
these terms. In his most formal contribution, Laymon (1987) uses lattices (Scott 
domains) to provide a model of approximation and idealization in the testing of 
scientific theories. Following Laymon’s idea, Ibarra & Mormann (1994) present a 
reconstruction of the idealizations involved in the case of the law of simple pen-
dulum in structuralist terms.

Following with the formal approaches to idealization that try to take the 
counterfactual aspects into account, Rott’s contribution (1994) makes use of Pe-
ter Gärdenfors’s concept of epistemic importance and its application to the problem 
of the rational changes of belief. With the aim of offering an adequate analysis of 
the non-monotone character of theory change, Rott suggests treating a scientific 
theory as a set of statements (just as the classical concept) plus a relation of “theo-

5 The whole series of Rodopi’s volumes entitled “Idealization”, which belongs to the Studies in the Philosophy of 
Science and the Humanities, may serve as testimony.

6 See Laymon (1980, 1982, 1985, 1987, and 1989).
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retical importance”, concept introduced to make possible minimal revisions with-
in the content of a theory through counterfactual assumptions.

As interesting and fruitful as these approaches may be, I think they are not 
offering a general account of idealization in formal terms. Lattices (or Scott-do-
mains), as used by Laymon (1987), may be helpful as a way of representing ideali-
zation and Rott’s approach is surely interesting and fruitful in his attempt of 
giving a theoretical account of what we attempt to do in belief revision processes, 
particularly when counterfactual moves are involved with the aim of retaining 
part of the old and (partially) wrong theories. But they seem not good enough to 
capture the general aspects of idealization, mainly if we are interested in the na-
ture of this concept. In my opinion, the counterfactual aspect of idealization is 
better to be captured in terms of a modal semantics, but a sufficiently accurate 
approach in these terms has not yet been provided. I must say that I am now 
working on this particular issue, but in the present paper I am more interested 
in providing a general discussion of the concept and a structuralist analysis of it, 
mainly as understood by Nowak, which has been one of the main advocates of 
the concept.7

My plan for the next is, then, the following. In the following section, I will 
present a first approach to idealization by distinguishing between different lev-
els in which idealization can be realized in science. I will speak about a “hierar-
chy of idealization levels”, but this hierarchy must not be understood in a restric-
tive way. Section 3 focuses on the role of idealization in model construction and, 
more particularly, on the issue of the data models, which has attracted the atten-
tion of several semanticist and structuralist authors. In section 4, I will present a 
brief sketch of Nowak’s syntactic approach and try to reconstruct his analysis in 
structuralist terms. Finally, I will conclude with some general remarks.

2. Different levels of idealization. The structuralist view
The apparent divergence between the different concepts of idealization examined at 
the beginning of section 1 may be in part caused by the fact that some of these con-
cepts capture different levels of idealization. Insofar as this is the case, there would 
not be contradiction between them. The present section is devoted to the pre-
sentation of what I call the “different levels of idealization”. As was the case in 
the previous sections, we shall focus our attention on physics. 

When one looks at the physics textbooks, it becomes clear that idealization 
takes place at different levels. They can be summarized in the following way, or at 
least I propose to do so:

(i) Selection of the relevant parameters: no system is really isolated from the 
rest of the world, but the great number of variables would make the inves-
tigation impossible, unless we neglect the influence of some of them. For 

7 For more reference to the counterfactual approach to idealization and its relation to Nowak’s account see 
Mormann (2007), Niiniluoto (2007), and Shaffer (2007).
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example, in the law of the pendulum, we do not take into account the po-
sition of the moon and in the law of the fall of the bodies we neglect air 
resistance. 

(ii) Simplifications introduced in the relevant parameters, as when we are stu-
dying the movement of satellites and make the ideal assumption that the 
surface of the Earth is perfectly spherical and that the density is constant 
inside it. 

(iii) Approximation among laws: we get new, more realistic versions of a law 
within a theory and the old law can then be considered as an “ideal case” 
of the new one, as in the case of the relation between the law for simple 
pendulum and its more concretized version that takes into account the am-
plitude. When the amplitude is small enough, it becomes a parameter that 
can be neglected.

(iv) Approximation between theories: old theories can be “derived” as ideal or 
limiting cases of the new theories. For instance, Kepler’s Laws of Planetary 
Motion as a limiting case of Newton’s Theory of Gravitation, or this last 
one as a limiting case of Einstein’s relativistic version. In such “derivations”, 
idealizations play an essential role.

(v) Simplification and approximation methods to deal with complicated equa-
tions for which it is very difficult to find analytical solutions: these include 
numerical methods and the approximation methods of governing equations.

Idealization in the sense of (i) and (ii) plays an essential role in what we may 
call “model construction” (construction of data models as well as of theoretical 
models) and is related to some important problems like the abstraction/idealiza-
tion distinction, the non-isolability of systems and ceteris paribus clauses.8 Ideali-
zations in the sense of (iii) are ideal versions of more concretized laws within a 
theory and, in the sense of (iv), are usually laws of an old theory which can be 
seen as ideal cases of laws of a newer and more accurate theory. In the sense of 
(iii) and (iv), idealization meets approximation (and the structuralist notion of 
specialization). One can even ask whether such cases as that of Kepler-Newton 
can be reconstructed more as a case of idealization (as Rott 1994 or the authors 
of the Poznań School) or more as a case of approximation (as Balzer, Moulines 
& Sneed 1987). The answer is that such cases can legitimately be reconstructed 
as cases of approximation and idealization as well. Note that to consider a par-
ticular example as a case of (iii) or as case (iv) means to consider the ideal case 
as a particular law within a theory or better as a different theory. It depends on 
how we want to reconstruct the case. It is a matter of pragmatics whether we 
take the law of ideal gases as an ideal case of the more concretized version for-
mulated by van der Waals within the same theory (thermodynamics) or as a case 

8 On the abstraction/idealization distinction see, for example, Harré (1970, 1989), Cartwright (1989), Dilworth 
(1989), Suppe (1989), pp. 94-96, Nowak (1990), Haase (1995), pp. 113-136, Hüttemann (1997), pp. 129-177, 
and Thomson-Jones (2005). On the relation of idealization to the isolation of systems see in particular Sklar 
(2000). And on the relation of idealization to ceteris paribus clauses see Kowalenko (2009).
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of approximation between two theories: the old Boyle-Mariotte theory of ideal 
gases and the newer one of van der Waals’ thermodynamics. According to the 
structuralist analysis of thermodynamics, Boyle-Mariotte’s law is more accurate-
ly reconstructed as a theory-element of the theory-net of thermodynamics (the 
“ideal-gas simple equilibrium thermodynamics”) and van der Waals’ version, as 
another theory-element (“van der Waals’ simple equilibrium thermodynamics”) 
of the same theory-net. Actually the relation between these two theory-elements 
is reconstructed as one of specialization and not of approximation.9 The Kepler-
Newton case is reconstructed as a relation of approximation between two theory-
elements, that of Kepler’s theory of planetary motion and that of Newton’s gra-
vitational classical particle mechanics (more properly a theory-element belonging 
to another theory-net). Idealization has then to do with both relations.10 Idealiza-
tion in the sense of (v) includes all mathematical tools for simplifying equations 
and finding approximated solutions.

The above classification of five levels coincides to a great extent with that of 
Balzer, Moulines & Sneed (1987). They distinguish among (1) model construction 
approximation, (2) application approximation, (3) law approximation, and (4) in-
tertheoretical approximation (Balzer, Moulines & Sneed 1987, p. 325). Besides 
the fact that they speak preferably about approximation, the only differences seem 
to be that we have added the (v)-level, included by the said authors in their type 
(3) and that we have not explicitly mentioned type (2) as a level of idealization; 
nevertheless this kind should be included in our levels (i) and (ii): just because we 
are aware of our idealizations by constructing data and theoretical models in the 
way we do it, we should recognize the idealized character of the application of our 
theory to reality. Type (2), application approximation, consists in subsuming a 
conceptually systematized collection of data, i.e., a data model of a particular phe-
nomenon that we want to explain, under a theoretical law, that is, under an “ac-
tual model” in structuralist terms. Model construction approximation (type 1) has 
to do with the construction of a “potential model” or a “partial potential model” 
out of the data model. Type (1) may be termed “pre-theoretical approximation”, 
because at this level only potential and partial potential models are considered. 
Types (2) and (3) are called “intratheoretical” to distinguish them from the type 
(4) or intertheoretical approximation. We have already said that the authors of 
An Architectonic put both approximation and idealization together, although when 
they speak about the relation between laws and theories, they use the term “ap-
proximation”: only when they consider the model construction, they use explicitly 
that of “idealization”. When they introduce the notions of theory-element, empiri-
cal claim or theory-net, they do it adding the adjective “idealized” to these labels 
in order to indicate that such notions are not realistic, because they do not take 
into account the fact that all empirical theories contain features of approximation.11

9 Balzer, Moulines & Sneed (1987), pp. 192-198.
10 For a more recent account of the relation between idealization and approximation see Liu (1999).
11 Balzer, Moulines & Sneed (1987), p. 89.
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Moulines & Straub (1994), who start from the structuralist foundations as ex-
posed in An Architectonic, explicitly distinguish between idealization and approxi-
mation, characterizing the first as any attempt to relate a scientific theory to the 
data, or to empirical reality, or even to another theory. The important idea is that 
idealization is more general than approximation: it is the attempt to relate the 
theory to the world through the construction of certain ideal structures. Approxi-
mation is more specifically viewed as a process of comparison of structures which 
are already idealized. Moulines (1996) begins with recognizing the plausibility of 
the assumption according to which idealization and approximation are more or 
less the same thing, the only difference being that they describe differently the 
same phenomenon: theoretical inaccuracy. In this sense, the idealization consist-
ing in characterizing the Earth as a perfect sphere would be just a paraphrase to 
express that this characterization is a good approximation of the geodesic values 
we would obtain if we measured the distance from the centre of the Earth to its 
surface point by point.12 But Moulines (1996) goes further and argues that this 
quasi-identification between the two concepts does not reflect all the possible 
(interesting) senses of idealization and right away proposes the same distinction 
found in Moulines & Straub (1994). His example now is the application of New-
ton’s gravitation theory to the (real) planetary system. In order to apply Newton’s 
theory we must make some idealizations, among them the assumption that the 
planets move as a set of particles on smooth paths. From the structuralist point 
of view, this means to reconstruct the planetary system as a potential model of 
Newton’s theory. Another question would be whether the planetary system fulfils 
Newton’s gravitation law, i.e., whether the planetary system is an actual model 
too. The last question is one of approximation and, as Moulines says, “[w]e may 
be successful in idealizing but fail in approximating”.13 The point of the struc-
turalists is that approximation is a more specific notion, a kind of idealization, 
but there are other sorts. The point I am arguing here is therefore similar, be-
cause, according to the conception sketched above, approximation is one of the 
levels at which idealization may occur, just a kind of idealization. My main contri-
bution will be to introduce a special relation between structures (not just a model 
construction) which is intended to capture Nowak’s concept of idealization but 
turning into a structuralist notion what originally was thought as a syntactic rela-
tion between statements (laws). This work will be carried out in section 4.

3. Model construction and data systems
Recent contributions have revealed how complicated the relation between pheno-
mena and theory may be.14 For example, Bogen & Woodward (1988, 1992 and 

12 Moulines (1996), pp. 158-159.
13 Moulines (1996), p.160.
14 Bogen & Woodward (1988, 1992 and 2003), Mayo (1996), Cartwright (1999), Giere (1999), Woodward 

(2000), Bailer-Jones (2009).
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2003) point out the difference between phenomena and data by highlighting that 
a large number of causal factors usually play a crucial role in experiments depen-
ding on the specific experimental setup, on the kind of apparatuses that are em-
ployed in the measuring procedures and on the different methods involved in 
data processing and data analysis. The idea that theories are not confronted direc-
tly with brute experience, i.e., with raw and unordered data, but with structures 
of highly idealized data, the so-called data models, constructed out of the analysis 
of the raw data, is traced back to Patrick Suppes (1962), who took an example 
from learning theory as a case study. Suppes restricts the data models to those as-
pects of the experiment which have a parametric analogue in the theory. Models 
of data are designed to incorporate all the information about the experiment 
which can be used in statistical tests of the adequacy of the theory. But, at the 
same time, the empirical testing of a theory involves other models and conditio-
ns at different levels: theories of error, models of experiment and experimental 
design, ceteris paribus conditions, which typically involve important idealizations 
(Suppes 1962, pp. 258-259). More recently, Mayo (1996) and Harris (1999) have re-
sorted to a similar distinction and have equally argued for a hierarchy of models.

The idea of “data model”, as introduced by Suppes in the context of the sta-
tistical analysis of data, was soon followed by the authors of the semantic con-
ception of theories–as particularly defended by van Fraassen (1980) and Suppe 
(1989)–and by the advocates of the Structuralist View. More recently, van Fraas-
sen (2008) has distinguished between data models and surface models and con-
tends that theories are really confronted with surface models; this distinction is 
new (it does not appear in van Fraassen 1980). Data models are those that summa-
rize the relative frequencies that we find in nature and surface models idealize this 
summary to replace those frequencies by measures with a continuous range of values 
(see van Fraassen 2008, p. 167). The structures that are embeddable in theoreti-
cal models are the surface models. Van Fraassen further distinguishes between 
observable phenomena and appearances. He introduces the triple distinction 
theory-phenomena-appearances as a result of defending the autonomy of experi-
ment and a pragmatic account of scientific representation. The observable phe-
nomena underlie the appearances and the appearances are the outcome of the 
measurement procedures as recorded in various data models. Appearances are 
said to represent phenomena and are embeddable in theoretical models.

In recent years, Moulines (2005 and 2007) has presented an illuminating 
study of the relation of idealization to model construction and the characteriza-
tion of the data models. For Moulines, idealization should be distinguished from 
approximation: idealization has to do with model construction, whereas approxi-
mation is a relation between already constructed (idealized) models. Moulines’s 
approach begins with an observation about what is the starting point of scienti-
fic research. Scientists seem to start with a particular experiential situation (ES) 
which at the very beginning is to be described in ordinary language. But it is be-
cause of the vagueness and uncertainty of identity criteria for ES that scientists 
should refine and modify these descriptions of ES by constituting an operational 
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base (OB) for ES. By means of such an OB, which mainly consists of systematic 
and public observation and manipulation of medium-sized objects, ES is trans-
formed into an intersubjectively controlled experiential situation (ICES). It is im-
portant to see that the connection between ES, OB and ICES is not a necessary 
one and that there is no one-to-one correspondence even among OB and ICES: 
the same OB (or a different one) may serve to determine other ICESs. The essen-
tial is that the scientific community has decided by an intersubjectively control 
led process to transform the ES into a certain ICES. The construction of ICESs 
then depends on the community of scientists, or on a group of them. ICESs are 
to be codified and represented by correspondent data models. This also takes pla-
ce within the community of scientists: it is the community that decides (partly 
by convention, partly by normalized and established procedures) to accept cer-
tain axioms in virtue of which the ICESs are represented in a certain way. So the 
construction of the data models has to do with the presentation of certain axioms 
or statements which are to be admitted by convention. These axioms include spe-
cifications about how the universe of discourse of our data models must be. The 
group of scientists surely has elaborated a theory to be identified with the class 
of its models, M(T). For any structure x ∈ M(T), x should satisfy the laws of the 
theory. The application of theory T to reality cannot be done in a direct way, but 
via data models. Once we have constructed the data models, our task consists of 
trying to embed them as substructures of the theory.

The elements and different steps of the process can then be summarized in 
the following way (see Moulines 2005, pp. 326 and ff. and Moulines 2007, pp. 
261 and ff.):

(1) scientists are confronted with an experiential situation (ES)
(2) scientists redefine the ES through an operational base (OB)
(3) scientists become an intersubjectively controlled experiential situation 

(ICES)
(4) construction of the data model corresponding to the ICES
(5) embedding of the data model under the theory, which is synonymous 

with the claim “the ICES can be subsumed under the theory”.
Let us illustrate Moulines’ account with examples. By conceptualizing the ES as 
a certain ICES and by constructing a data model corresponding to this ICES, the 
scientist goes from the ordinary language to the theoretical one and tries to con-
struct from the hard data a corresponding data structure which can be embedded 
into his theory. By the process of conceptualization, idealizations and approxima-
tions usually take place. In the case of classical particle mechanics, macroscopic 
bodies are seen as particles without taking into account their color, form or mag-
nitude (extension), their paths are considered continuous and their position are 
to be represented as points in a vector space. In the original description theoreti-
cal concepts do not take place, though the concepts we use may be theoretical 
with respect to other theories presupposed by the theory we now use and try to 
test. In structuralist terms, we first construct the data models and then we try to 
subsume them under the partial potential models of our theory. Finally, we ex-
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tend the structures obtained in this way, if it is possible, as actual models of the 
theory. The relation between the data model and the partial potential models of 
our theory should be that of the model-theoretical concept of substructure. Re-
call that a structure ′M  = 〈 ′D1 ,…, ′Rn 〉 is a substructure of M = 〈D1,…, Rn〉 iff ′D1  ⊆

 D1,…, ′Rn
 

⊆  Rn, where some components of the substructure ′M may be 
empty. Data models are always finite and what we do is to state the hypothesis 
that our theory can subsume these data. The idea behind our hypothesis is that 
for each data model mD 

∈ MD from the class of the data models there is an actu-
al model m ∈ M(T) such that m can be made to correspond to mD in the sense 
just specified. This relation between structures can be blurred and, then, what we 
have is an approximation version of the same statement relative to certain met-
rics d and degree of accuracy ε, namely: for each data model mD 

∈ MD from the 
class of the data models there is an actual model m ∈ M(T) and there is an ap-
proximation m* to m such that d(m*, mD) ≤ ε and m* can be made to corre-
spond to mD in the appropriate sense. This idea can be found more precisely for-
mulated in Balzer (1997), chapter 3.15

Some authors have questioned the idea that models of the phenomena are ar-
rived at as deidealizations of theoretical models.16 It is well-known that the same 
data model can be embedded into different theoretical models, but this fact can-
not be confused with the idealization-concretization process at the theoretical 
level. To invoke the first fact, which leads to the problem of underdetermination 
of the theory by the data, cannot serve as an argument against the idealization-
concretization process and against the idea that as more correction terms are in-
troduced, the (theoretical) model becomes more realistic (in relation to the data 
model)–just as Cartwright, Shomar & Suárez (1995) seem to argue.17 The problem 
of underdetermination has been used as a weapon against scientific realism and 
in fact can be used to argue against the thesis that the idealization-concretiza-
tion method provides us with an argument in favor of scientific realism, but not 
against the method itself as a way of approaching the data structures in a more 
realistic way. On the other hand, there are interesting answers to the anti-realis-
tic arguments based on the underdetermination problem which give some hope 
to the realists.18

4. Nowak’s account of idealization  
and its structuralist reconstruction

Nowak’s account of idealization, which is the core of the Poznań-School appro-
ach, was presented as a book in English for the first time in 1980 as a systematic 

15 See also Balzer, Moulines & Sneed (1987), chapter 2 for the concept of partial potential model and chapter 7 
for the relation of approximation.

16 See for instance Cartwright, Shomar & Suárez (1995).
17 Cartwright, Shomar & Suárez (1995), p. 142. See also Morrison & Morgan (1999).
18 See Psillos (1999), Chapter 8. A well-known paper about the problem is Laudan & Leplin (1991).
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interpretation of the Marxian idea of science, but it goes back to his many En-
glish and Polish papers published in the seventies. Although not belonging to 
the School, Krajewski’s (1977) contribution to the study of the correspondence 
principle is very close to the ground ideas developed by Nowak and his followers. 
Further contributions were Zielinska’s (1990), Kupracz’s (1992) and Paprzycka’s 
(1992). Nowak’s approach was also very criticized in Poland and gave raise to a vi-
vid controversy.19 Nowak received two sorts of criticism: on one side, some Mar-
xist authors criticized him–perhaps with a certain dogmatism–for misinterpreting 
Marx’s own ideas on methodology; on the other, he was criticized on philosophi-
cal grounds and for logical inaccuracies.20 Only this second sort of criticism will 
deserve our attention later.

An excellent survey of the idealizational approach to science is Nowak’s 
(1992), which presents an overview of the different contributions and applica-
tions to case studies. Nowakowa’s (1994) is also a suitable introduction to the 
main ideas of the School. Nowak & Nowakowa (2000) collects many papers of 
Nowak, his wife or even of both, some of which had not appeared in English 
earlier, or at all.21 The book contains also an exhaustive bibliography on idealiza-
tion. Brzezinski et al. (2007) presents a recent collection of different essays pre-
sented in honor of Prof. Nowak. All of them discuss different aspects of his phi-
losophy, but the book is mainly dedicated to the concept of idealization.

Nowak and his followers adopt a syntactic view on idealization by analyzing it 
as a relation between lawlike statements. A law (in the present context) will typi-
cally have the form of a universally quantified statement (Nowak and followers 
use first-order logic, but this is not an essential point) and theories are supposed 
to be classes of such statements. Nowak’s account of the idealization-concretiza-
tion process can be presented in the following way. We can start from the most 
idealized law (T

k
) to the least one (T

0
). Let be x to denote a given “real system” (in 

Nowak’s words). “Real systems” are here to be understood as individuals belong-
ing to the domain of the theory: real systems are (particular examples of) conduc-
tors in the case of the theory of electricity or gases in the case of the theory of 
gases. They then constitute the ontology of the theory. Let F(x) be a magnitude 
or a quality of x, H 1(x),...,H n (x) some parameter functions which F(x) necessary de-
pends on, p

k
,...p

1
 the parameter functions which can be taken into account in the 

progressive concretizations of the most idealized law T
k
, f

k
,..., f

0
 the laws through 

which we can determine the value of F(x), and assume that x belongs to a class 
R which constitutes the empirical domain of that system and that all these func-
tions are real-valued. When Nowak says that H(x) plays the role of a necessary fac-
tor, he is assuming that there are factors which cannot be neglected, which neces-
sarily (in some sense of necessity) determine the value of F(x). He does not specify 

´

19 Unfortunately almost all the authors who took part in the discussion wrote their contributions only in 
Polish.

20 See Krajewski (1977), p. 22.
21 Nowak (1992) is also included in the book (see pp. 109-184).

´

´
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what he has in mind and in fact this is one of the critical points which have been 
noticed by his commentators. Essentialism is a characteristic aspect of Nowak’s 
position. He ascribes this distinction between essential and adventitious factors 
to Marx’s Capital and considers it a fundamental feature of the method of ideali-
zation.22 This is a first controversial point, because it seems clear to me that we 
can support an idealizational approach without defending any such metaphysi-
cal thesis. According to Nowak, there are usually more than one essential fac-
tor (maybe many) and even among the essential factors a hierarchy can be distin-
guished according to their degree of influence.23 For the sake of simplicity, let us 
suppose that there is only one of such necessary factors.

Returning to our point of departure: the structure of idealized laws is that 
of a conditional statement, in which the antecedent contains some idealizations 
(which typically have the form: for certain x certain parameter function assumes 
the value 0, 1 or infinity). We have here a second point of controversy, namely 
that of the interpretation of such conditionals. If we assume they are material con-
ditionals, then we come to the well-known problem that they are always (trivial-
ly) true (because ideal conditions are false). So it seems more natural to interpret 
such conditionals as counterfactuals.24 But this does not seem to be Nowak’s in-
terpretation and on the other hand neither he nor his followers present any analy-
sis of such counterfactuals at all. The most idealized law, Tk, contains k idealizing 
or counterfactual assumptions: p

k
(x) = 0,..., p

1
(x) = 0. The next, less idealized one, 

Tk-1, must contain k −1 idealizing assumptions, etc. Ti is said to be “the immediate 
idealization” of Ti-1 and, conversely, Ti-1 

is “the immediate concretization” of Ti:
25

(T) F(x) = fk(H(x)).
(Tk) R(x) ∧ p1(x) = 0 ∧…∧ pk-1(x) = 0 ∧ pk(x) = 0 ⇒ F(x) = fk(H(x)).
(Tk-1) R(x) ∧ p1(x) = 0 ∧…∧ pk-1(x) = 0 ∧ pk(x) ≠ 0 ⇒ F(x) = fk-1(H(x), pk(x)).
(Tk-2) R(x) ∧ p1(x) = 0 ∧…∧ pk-2(x) = 0 ∧ pk-1(x) ≠ 0 ∧ pk(x) ≠ 0 ⇒ F(x) = fk-2(H(x), 
pk(x), pk-1(x)).
............................................................................................................................
(Ti) R(x) ∧ p1(x) = 0 ∧…∧ pi(x) = 0 ∧ pi+1(x) ≠ 0 ∧…∧ pk-1(x) ≠ 0 ∧ p(x) ≠ 0 ⇒ 
F(x) = fi(H(x), pk(x),…, pi+1(x)).
............................................................................................................................
(T0) R(x) ∧ p1(x) ≠ 0 ∧…∧ pk(x) ≠ 0 ⇒ F(x) = f0(H(x), pk(x), pk-1(x),..., p1(x)).

Obviously this scheme does not cover all forms of idealizing laws, but capture the 
general idea of the process. There are two important points to be noticed. One 
is the interpretation of ‘⇒’. If we interpret this connective as a material condi-
tional, as in fact it seems that Nowak and his followers have done, idealizations 
become vacuously true statements. It seems therefore that the conditional must 

22 Nowak (1980), p. 95.
23 See Nowak (1980), pp. 97-98.
24 Compare Niiniluoto (1999), p. 137.
25 These are not Nowak’s terms, but mine, because I interpret that the idealization relation is transitive.



Idealization within a Structuralist Perspective  | 77

be counterfactual.26 The second point is the fact that it is surely intended that 
the idealization relation is transitive, that is, Tk is an idealization of Tk-1 

but also of 
Tk-2, which is the immediate concretization of Tk-1. It also seems that Nowak’s cha-
racterization implies a linear sequentiality of factors which are supposed to be or-
dered according to their degree of importance. But, if my interpretation is correct, 
Nowak’s analysis would become too restrictive, because we can neglect whichever 
of the factors we think to be negligible in a given time. Nowak’s characterization 
can also be interpreted in the sense that it is a reconstruction made a posteriori by 
the philosopher of science, who simply orders the factors just according to the 
chronological order in which they were discovered by the scientist. According to 
the Poznań-School Conception, Tk-1 pass asymptotically into Tk when for each x, 
pk(x) tends to zero.27 Normally, even T0 is not met in empirical sciences. Instead, 
the scientist introduces corrections in order to approximate the value of F. In this 
case, we introduce approximations of idealizations instead of concretizations.

Nowak’s account of idealization is certainly an interesting achievement in phi-
losophy of science and his idea is intuitively valid. This notwithstanding, Nowak’s 
approach has some difficulties. We are going to see now the problems which–in 
my opinion–render unsatisfactory the Poznań-School conception of idealization. 
The objections can be summarized in the following way:

(1) The Poznań-School approach to idealization is too much depending on 
the classical view of scientific theories. It is true that, for instance, Nowak 
(1972) criticizes Nagel’s account as inadequate and incomplete on the 
ground that his model does not cover idealizations as an important part 
of scientific method, but only on an empirical basis and that, for Nowak, 
this is so because of the positivistic view to which Nagel is still subjected. 
But it is also true that Nowak’s idealization presupposes the classical con-
ception of theory according to which theories are classes of statements 
and that idealization is basically reconstructed as a relation between sta-
tements. Our first objection is surely not a problem per se, but it becomes 
a difficulty for all those philosophers who argue that to treat scientific 
theories just as classes of statements is an insufficient or even a wrong way 
of reconstructing their logical structure.

(2) Nowak’s analysis seems to be not sufficiently general, since the neglected 
parameters can take other values than 0, and not sufficiently accurate, be-
cause it does not say, for instance, how the functions fk and fk-1 

are related 
for one to be part in an idealization of the other.

(3) If my interpretation of Nowak is correct and it presupposes a linear ordering 
of idealizations-concretizations, that is, it presupposes that there is a linear 
ordering of parameters according to their influence, then his characteri-
zation does not seem to be accurate. Why should it not be legitimate to 
take a different parameter for the idealization (for example, if we do not 

26 See, for instance, Niiniluoto (1999), p. 137.
27 Nowak does not specify any metric or topology.
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know how much influent it is). It also presupposes a notion of essentia-
lity of factors which, as Paprzycki & Paprzycka (1992) have correctly po-
inted out, needs at least a more precise definition. Nowak’s further ideas 
presuppose also a distinction between ideal and real objects and leads to 
a metaphysical conception of science which is, in my opinion, something 
suspicious.28

(4) Since ideal conditions are manifestly false, we can not use the material 
conditional to formalize an idealizational law, but a counterfactual con-
ditional. But this leads to the well-known problem of the analysis of such 
conditionals. Nowak and his followers do not seem to say anything about 
this.

(5) Nowak and his followers do not seem to recognize the role of approxima-
tion as another important relation between laws, but rather as a method 
of comparison of the values of the parameters appearing in the laws. 

(6) My last objection is the most important one and has to do with the fact 
that Nowak’s analysis does not seem to grasp well enough the difference 
between an intratheoretical idealization and an intertheoretical one. His 
analysis seems to be more an attempt at characterizing the relation of in-
tratheoretical idealization (as idealization between lawlike statements of a 
given theory) or at least it is not enough clear which theory each idealiza-
tional statement belongs to. In which theories these statements should be 
satisfied? 

For other kinds of criticisms see Krajewski (1977) and Haase (1995).29 After having 
sketched my objections to Nowak’s idealizational approach, I want to focus the 
rest of the section on the reconstruction of Nowak’s ideas in structuralist terms.

Nowak (1989), (1990) and (1991) presents an analysis of the phenomenon of 
idealization in terms of the notion of counterfactual deformation. Ibarra & Mor-
mann (1994) reconstruct Nowak’s idea of counterfactual deformation by intro-
ducing it as a relation between structures: (potential) models are presented not in 
the usual way, but adding to the base sets and relations a new component which 
consists of the carriers U1,…, Up of the relations f1,…, fp so that each fi is a subset 
of Ui. Potential models are then of the form: x = 〈A1,…, An, f1,…, fp, U1,…, Up〉. 
We can then define:

Def. 1: If x = 〈A, f, U〉 is a (potential) model, then x′  is a soft counterfactual defor-
mation of x iff there exists f ′  such that x′  = 〈A, f ′ , U ′ 〉, and x′  is a hard coun-
terfactual deformation of x iff there exist f ′  and U ′  sucht that x′  = 〈A, f ′ , U ′ 〉, 
where U ≠ U ′ .

The relation of concretization/idealization is defined as a relation between theory-
elements in terms of that of counterfactual deformation operator in this way:

28 See Krajewski (1977), pp. 25-28.
29 See Krajewski (1977), chapter 1; Haase (1995), chapter 2, section 2.1.4, in particular p. 101 for a survey.
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Def. 2: If T = 〈K, I〉 is a theory-element, K = 〈M, Mp, Mpp, r, C〉, where Mp has 
as elements structures of the form 〈A, f, U〉, a counterfactual deformation operator d 
of T is a map d: Mp →  Mp of the following form: 

(1) d(〈A, f, U〉) = 〈A, f ′ , U ′ 〉, where f ′  and U′ are as above
(2) dd = d
(3) d[M] ⊆  M

U can be identical to U ′ or not, so that d(〈A, f ′ , U ′ 〉) can be either a soft coun-
terfactual deformation or a hard one. Conditions (i) and (ii) seem well motivat-
ed. Condition (ii) says that d is idempotent: the double application of a counter-
factual deformation operator does not yield anything new. But what about con-
dition (iii)? The idea is that d should be a projection which preserves the actual 
models. They argue: “The purpose of counterfactual deformation is to transform 
a ‘good’ potential model into an actual one” (Ibarra & Mormann 1994, p. 187). 
The role of counterfactual deformation operators is then “to eliminate certain 
factualities that hinder potential models from being actual ones” (Ibarra & Mor-
mann 1994, p. 187). They are thinking of examples such as that of assuming that 
the bob of a pendulum is a mass-point. This seems to be the case within this ex-
ample, but there are other examples of idealization in which our ideal conditions 
contradict the axioms of the theory. For instance, the supposition made in rela-
tivity physics (by Einstein and others) according to which there are rigid bodies (in 
the classical sense). This contradicts the principles of relativity. Newton neglect-
ed the influence of the attraction of the Sun by the planets despite the fact that 
it contradicts his actio-reactio principle. So I think condition (iii) is only accept-
able for a particular kind of counterfactual deformations: those which are used to 
characterize the theoretical domain and are contingently false with respect to the 
actual facts, just as in the case of the pendulum. It is interesting to make an ob-
servation here. The case of the supposition of the mass-point in classical mechan-
ics is self-contradictory only when we have the concepts of gravitational potential 
and gravitational mass. Newton was aware of the impossibility of fact of the mass-
points, but his argument is only philosophical: 

The qualities of bodies, which admit neither intensification nor remission of degrees, 
and which are found to belong to all bodies within reach of our experiments, are to 
be esteemed the universal qualities of all bodies whatsoever. [...] the extension, 
hardness, impenetrability, mobility, and inertia of the whole, result from the ex-
tension, hardness, impenetrability, mobility, and inertia of the parts (Newton 
1687[1934], vol. II, pp. 398-399; my italics). 

Ideal conditions that strictly speaking condradict the theory in which such suppo-
sitions are made are typical when we try to derive an old theory from the new, 
more precise one. Newton made them when he attempted to derive Kepler’s laws 
from his own theory. Ibarra and Mormann’s reconstruction then seems not suita-
ble for intertheoretical cases in particular. 

Ibarra & Mormann (1994) suggest to assume that the set of counterfactual 
deformation operators for a theory-element is (at least) a semilattice, that is, that 
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the composition of d satisfies the property of commutativity. Ibarra and Mor-
mann also require idempotence and associativity (which is always guaranteed in 
the composition of functions). This suggestion seems also well motivated and 
tries also to mirror Laymon’s account. They then define: 

Def. 3: A theory-element T with an idealization structure D, denoted by 〈K, I, D〉, is 
a theory-element 〈K, I〉 endowed with a semilattice D of counterfactual deforma-
tion operators defined on Mp. Provided a partial order 〈D, ≤〉 between the ele-
ments of D, where ≤ is a relation defined in this way: d ≤ ′d  iff there is a ′d  
such that d = ′d , 〈D, ≤〉 induces in a natural way a partial order on Mp: x ≤ y 
iff there is a d ∈  D with d(x) = y. The idea behind it is that we want to become 
more idealized theories by applying progressively more counterfactual deforma-
tion operators: if x ≤ y, we then say that y is an idealization of x or, conversely, 
that x is a concretization of y.
Def. 4: If T = 〈K, I, D〉 and ′r   = 〈 ′K , ′I , ′D 〉 are theory-elements with idealiza-
tion structures, T is called a concretization of ′T  (we write: T ≤ ′T ) iff:

(1) K = 〈M, ′pM , ′ppM , ′r 〉, ′K  = 〈 ′r , ′pM , ′ppM , ′r 〉
(2) D ⊆ ′D  
(3) for all potential models x ∈ ′pM  for which there is a counterfactual defor-

mation operator ′d ∈ ′D  such that ′d (x) ∈ ′M  there is a counterfactual 
deformation operator d ∈  D with d ≤ ′d  such that d(x) ∈ M.

(4) I = ′I .

(I have introduced some small changes in Ibarra and Mormann’s definitions.)

Let us briefly comment both definitions. Conditions (2) and (3) of Def. 4 should 
preclude that the counterfactual deformations of the idealized theory are stron-
ger than those of the concretized theory and that is well motivated. But condi-
tions (1) and (4) are too strong, if we want–as I think Nowak does–to take inter-
theoretical cases into account, because the new, more precise theories have ex-
tended their set of intended applications: think of the Newton-Kepler case, whe-
re Newton’s theory is intended to be applied not only to planetary systems–as 
in the case of Kepler’s celestial mechanics–but to all mechanical systems. (1) is 
also too strong, because the new theories usually have also extended their com-
ponents, they are even structures of a different similarity type, as in the Kepler-
Newton case. I believe Nowak and his followers attempted at covering also these 
cases. Therefore, I conclude Ibarra and Mormann’s analysis is not even appro-
priate as a reconstruction of Nowak’s ideas. Recently, Mormann (2007) explores 
the relation between idealization, representation and counterfactual deformation 
in the framework of a possible worlds-account. I will not discuss his approach in 
the present article, because it has not explicitly to do with the aim at providing a 
structuralist reconstruction of Nowak’s ideas.

Similarly, Haase (1995) and (1996) has provided a structuralist analysis of 
the notion of idealization which is very close, and in fact is also based upon, 
Nowak’s typology of deformational procedures. Both idealization and abstraction 
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are for Hasse the most important methods of what she generally calls (in ger-
man) “Veränderungen von Repräsentationen” (alterations of representations). 
For Haase, representations can be of a formal nature: formalizations of a theory 
in a given language which is sufficient for representing all the complexity of the 
theory, but there can also be mental, “experimental” (which could be formulat-
ed as physical models of a certain kind) and even other kinds of representation–
Haase is not very precise in this point–. In the present context, the important 
point is that to each representation always corresponds a universe of discourse. 
She then defines a relation of idealization to hold between universes in the fol-
lowing terms:30 Rij ⊆  Ui ×  ′U j (for 1 ≤ i ≤ m and 1 ≤ j ≤ n) is an idealization re-
lation iff there are families of universes U and ′U  such that U is a family of non-
empty and non-idealized universes–that is, universes to which it has been applied 
an operation of idealization in the sense of Nowak–, ′U  is a family of non-empty 
idealized universes, and U ∩  ′U  ≠ ∅ . This means that for the objects within 
the universes of the families related by idealization must hold the counterfactual 
deformation method of idealization in the sense of Nowak. Haase distinguishes 
between a non-idealized representation (RI) and an idealized representation (RII) 
and defends a pragmatic conception of Galilean idealization. In this sense, her 
definition of “idealized representation” is more subtle, because it includes the 
reference to the scientific community of a certain period in the history of science 
and the concept of intention. In such terms, she defines two relations between 
representations: one of idealization and the other of abstraction, the main dif-
ference being that the relation of abstraction is made in terms of a selection of 
characteristics (“Merkmale”) or properties (parameters if you want) just as in case 
of Nowak. Whereas the relation of idealization implies the application of a coun-
terfactual deformation procedure, that of abstraction does not requires that.31 
The same objections could be raised to Haase’s analysis as in the case of Nowak’s 
new account. The principal objection would be that it does not seem accurate 
enough to reduce the idealization relation between two theories merely to a rela-
tion among their universes of discourse, because the deformation procedures are 
to be applied to the specifications of the theoretical domains and these specifi-
cations usually belong to the axioms of a theory. Idealization as intertheoretical 
relation involves therefore more a relation between statements (as in the case of 
the Poznań School) or between the statements used to determine a certain class 
of structures (if we follow the structuralist approach). But, in any case, a positive 
contribution of Hasse’s account seems to be the incorporation of a pragmatic ele-
ment which surely should to be taken into account in a more complete analysis 
of idealization. These pragmatic aspects of idealization can easily be incorporated 
in a structuralist version of Nowak’s idealization.

Comparisons between the Poznań-School approach to idealization and the 
structuralist conception have been made by Kuokkanen (1988), Hamminga 

30 Haase (1995), p. 124.
31 Haase (1995), pp. 128-129.
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(1989), Kuokkanen & Tuomivaara (1992) and Balzer & Zoubek (1994). See also 
Haase (1995) and (1996). As I cannot here comment all of them, I will only 
present my own structuralist reconstruction and results, which are in part based 
on the work of these authors. I am particularly indebted to Balzer & Zoubek 
(1994) and Kuokkanen & Tuomivaara (1992). I will later mention the main dif-
ferences between the account of these authors and my own account. In what fol-
lows I suppose a certain familiarity with the structuralist methods.

Let θ be the similarity type for structures of the form: 〈 ′D1 ,…, ′Rn 〉 is a sub-
structure of M = 〈D1,…, Dr, A1,…, Am, R1,…, Rn, p1,…, pi〉, where D1,…, D

r
 are 

base-sets, A1,…, Am are auxiliary base-sets, R1,…, Rn are functions, relations or 
constants over D1,…, Am, and p1( x ),…, pi( x ) ∈ R (where 0 < i < k and R = Aj, 
for some j = 1,…, m), where p

1
,…, p

i
 are distinguished parameter functions which 

can be neglected under certain conditions, or what is the same, the different 
factors introduced by the successive concretizations. The domains of these func-
tions are subsets of some of the base-sets D1,…, Dr. Let θ′  be an expansion of 
θ, 〈D1,…, Dr, A1,…, Am, R1,…, Rn, p1,…, pi, pi+1〉, in order to include one factor 
more. Let T be a given theory understood as a certain class {m: m = 〈D1,…, Dr, 
A1,…, Am, R1,…, Rn, p1,…, pi〉} which satisfies some axioms linking the different 
components of the θ-structures. Let now ′T  be another theory, understood in 
the same way, as a certain class of θ-structures. Let M(T) and M( ′T ) be the class-
es of those structures which satisfy the axioms of T and ′T  respectively, and I(T) 
and I( ′T ), the classes of the intended applications of T and ′T , respectively. In 
M( ′T ), p

i+1
 takes a value greater than 0 (for each x). Let red: Str(θ′) → Str(θ) be the 

“reduct” function which for each m = 〈D1,…, Dr, A1,…, Am, R1,…, Rn, p1,…, pi, 
pi+1〉 gives the structure red(m) = 〈D1,…, Dr, A1,…, Am, R1,…, Rn, p1,…, pi〉.

Let M* := {〈D1,…, Dr, A1,…, Am, R1,…, Rn, p1,…, pi, pi+1〉 ∈ Mp( ′T ): ∀ x
(p1( x ) ≥ 0 ∧…∧ pi+1( x ) ≥ 0)}.

I disagree with Balzer’s and Zoubek’s reconstruction in a first point: while 
they take distinguished values (real numbers) of the parameter functions as com-
ponents of the structures, I prefer to take the parameter functions themselves. So 
pi,…, pi+1 are the parameter functions which we can idealize and nRR ,...,1  the 
main relations and functions which are necessarily to be taken into account (in 
Nowak’s terminology). The difference between main or essential factors and se-
condary factors (those that can be successively neglected, i.e., that can be “idea-
lized”) is also presupposed in Kuokkanen & Tuomivaara (1992, pp. 79-80). But 
this sort of essentialism could be easily skipped from the present account.

Then we can define:
Def. 5: T is an idealization of ′T  (and hence that ′T  is a concretization of T) iff:

(i) I(T) ⊂ red[I( ′T )] 
(ii) red[M( ′T )] ∩ M(T) = ∅
(iii) ∀m ∈ Str(θ)(m ∈ M(T) ↔ ∃m*(m* = 〈D1,…, Dr, A1,…, Am, R1,…, Rn, 

p1,…, pi, pi+1〉 ∈ M( ′T ) ∧  ∀ x (
1

*
i

mp
+

)( x ) = 0) ∧ red(m*) = m).
The essential point in this structuralist reconstruction of the Poznań account is 
that, instead of classes of formulas, we have classes of models. The models of the 
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concretized theory contain the parameter function which is taken for the first 
time into account, while in the models of the corresponding idealized theory 
this same parameter function turns out to be a constant function which always 
yields the value zero (or another constant value) and hence it becomes to be 
negligible. Then the process of concretization can be reconstructed in the fol-
lowing way: We can get the non-idealized theory ′T  as the class of structures 
which take into account the new parameter from the idealized theory T, which 
is viewed as the reduction by the function red of the class of structures ′T . This 
transition must satisfy conditions (i)-(iii). Condition (i) says that the intended ap-
plications of the idealized theory are exactly the same of the concretized theory, 
except only that this second theory takes a new factor into account; this means 
that the concretized theory has more intended applications than the idealized 
one. Condition (ii) says that the concretized theory and the idealized one are dra-
matically different with respect to their actual models, although they coincide en-
tirely with respect to their potential models (the potential models of the idealized 
theory are simply reductions by r of the potential models of the concretized theo-
ry). This is so, because according to the concretized theory it is not possible for a 
real system to be a model of the concretized theory without taking into account 
a certain relevant factor, which is not taken into account by the idealized theory. 
Condition (iii) says that M(T) can be seen as the “reduct” of that part of M* in 
which the new parameter equals zero, being the laws of M(T) the same as those 
of M( ′T ) in this special case. A similar counterpart is lacking in Kuokkanen & 
Tuomivaara’s (1992) approach. The main difference between their and my own 
account is that, in my case, idealized structures can be obtained as reducts of 
more concretized structures by means of an idealized assumption consisting in 
stating that certain factor can be neglected, whereas in the case of Kuokkanen 
and Tuomivaara the same factors are always present in the structures (those con-
cretized and those idealized as well). It is an alleged advantage of my account that 
it can represent the idealization process by means of an operation (the “reduct” 
function) and, at the same time, to make clearer the difference between ideal-
ization and de-idealization at the level of the mathematical structures. As a re-
construction of Nowak’s approach my account reveals to be better too, because 
idealized and concretized structures can be easily presented in this way as those 
structures satisfying certain idealized and concretized statements as formulated by 
Nowak. Now let us see how this reconstruction allows us to overcome the main 
difficulties associated with Nowak’s approach. Nowak’s essentialism can easily be 
skipped from the structuralist account, as the idealization relation is a relation 
between structures already available, i.e., previously constructed. The idealization 
can then be seen basically as a relation between theory-elements just as any other 
intertheoretical relation. And no further essentialist consideration should neces-
sarily be introduced in this framework. The idea of understanding idealization as 
a relation between structures seems to be better motivated if we think of ideal-
ization as a relation among theories better than among sentences or statements. 
Although Nowak’s original intuition was not in terms of counterfactuals, it cer-
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tainly has a counterfactual character that could be formally captured by a mod-
al framework, but no such framework has yet been provided and it is not clear 
that such a framework, in case it could be provided, can be general enough to be 
applied to scientific theories. Contrary to this, the structuralist view is a powerful 
tool of representing scientific theories and it is already available. Finally, the dis-
tinction between idealization as model construction and idealization as intertheo-
retical relation can be shown in a much easier way within the structuralist perspec-
tive. The other difficulties have to do with the lack of generality of Nowak’s ac-
count, which is too restrictive because of the nature of the parameters involved, 
but this difficulty can also be resolved by modifying the definition in an appro-
priate way.

Now we focus on the empirical confirmation problem. As we know, the em-
pirical claim of a theory T says: I(T) ⊆ r[M(T)]. We can ask for a similar condi-
tion for idealized theories according to which the idealized theory can be shown 
to be empirically correct. At least, the following result can be proved: that the 
empirical claim of an idealized theory follows from a condition imposed on its 
set of intended applications, namely that there is an expansion of this set which 
is included in the reduct of the class of the M*-structures in which the factor pi+1 
takes the value 0. Let T id ′T  denote that T is an idealization of ′T :32

Theorem 1. T id ′T ∧  ∃Y(Y ⊆ r[M* – {m: m ∈ Mp( ′T ) ∧ 
1i

mp
+

 = 0}] ∧ I(T) ⊆ 
red[Y]) →  I(T) ⊆ [M(T)].

Proof: It is easy if we notice that
(+) red[M* ∩ {m: m ∈ Mp( ′T ) ∧ 

1i

mp
+

 = 0}] ⊆ M(T), because 
if m ∈ red[M* ∩ {m: m ∈ Mp( ′T ) ∧ 

1i

mp
+

 = 0}], then there is a m* ∈ M* 
such that 

1

*
i

mp
+

 = 0 and red(m*) = m. Therefore, m ∈ M(T).
By (+), r[red[M* ∩ {m: m ∈ Mp( ′T ) ∧ 

1i

mp
+

 = 0}] ⊆ r[M(T)], whence
(++) red[r[M* ∩ {m: m ∈ Mp( ′T ) ∧ 

1i

mp
+

 = 0}] ⊆ r[M(T)].
Since by assumption I(T) ⊆ red[Y] and red[Y] ⊆ red[[M* ∩ {m: m ∈ Mp( ′T ) ∧ 

1i

mp
+

 = 0}]],
we obtain by (++): I(T) ⊆ [M(T)].

In order to make an account of the approximations, ATi, of the idealization-
al statements, we can construct–following the suggestion of Balzer & Zoubek 
(1994)–a continuos sequence of models in which the value of the parameter in-
troduced by the concretized theory becomes closer and closer to zero (or another 
constant). Let us only sketch (without giving any precise formalization) how it 
would look. We should consider the class {m

i
 ∈ M*: ∀ x (

1

*
i

mp
+

)( x ) = r ∧ | r
 
– 0 | 

≤ ε}, that is, where r ∈ R is a certain real number satisfying the property of being 
“small enough”. For each different r ∈ R satisfying this property, we become a se-
quence of models m

i
 (of their reducts) converging to some model m ∈ M(T). Let 

U be a topology on Str(θ). Then we can say that there is an “idealizational con-

32 Compare this result with that of Balzer & Zoubek (1994), Theorem 1.b., p. 68.
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vergence” of T to ′T  with respect to topology U if T is an idealization of ′T  in 
the former sense and there exists a sequence of models {m

i
} such that each m

i
 = 

〈D1,…, Rn, pi+1〉 ∈ M*, for each x  there exists a real number r such that pi+1( x ) = 
r and r → 0 with respect to the natural topology in R, and red(m

i
) → m with res-

pect to U.33 Furthermore, there is an intimate connection between the empirical 
claim of preceding models in the sequence and the empirical claim of the most 
idealized mode. The connection is the following: we can say that the most ideal-
ized theory is empirically adequate, even if it is not possible to show this directly, 
by showing that its concretized versions (the preceding models in the sequence) 
are empirically adequate. Though I will not show this as a separate theorem, I 
think it would be easy to show this taking into account the preceding consider-
ations (this is work for another article).

What should this convergence show? Or what should this iterative procedure of 
successively applying idealizations and concretizations mean? Well, science seems to 
grow by trying to make the laws and theories we have more precise. Sometimes it 
is necessary to correct them and empirical investigation leads us to extend the do-
main of our theories. New theories can be applied to a greater domain of entities 
and old theories can be shown to be valid for a restricted subclass of this domain 
when we make certain counterfactual (idealizing) assumptions. Under these ideal 
conditions, it is possible to somehow derive old theories from the new ones. A pa-
radigmatic case of this seems to be that of Kepler-Newton, which is typically taken as 
an example of an approximative intertheoretical relation (though also involving 
idealizing assumptions). The concretization process usually means to formulate 
tentative hypotheses stating whether a certain (new) factor has or doesn’t have an 
appreciable influence on our computations, on our laws. These concretizations 
can be made years or centuries after a theory has been formulated, as in the case 
of Newton trying to derive Kepler’s laws from his own gravitational theory. But 
they can also be made immediately as a way of testing our hypotheses. The idea-
lization-concretization process, understood as the process which leads from idea-
lizations by constructing models to the concretizations which make our theories 
more accurate, seems to be the essence of scientific method. The accuracy of our 
theoretical models must be understood as the degree to which our theoretical 
models approach the data. Idealizations can then be justified by showing how 
they lead to more accurate theories by the converse relation, i.e., that of concreti-
zation. As Laymon puts it: 

[i]f it can be shown that more realistic initial conditions will lead via theory to 
correspondingly more accurate predictions, then the original highly idealized 
initial conditions are justified in the sense that they provided the starting po-
int for a successful confirmational process (Laymon 1982, p. 115).

 

The well-known puzzle of how to confirm idealizations can be solved in its turn 

33 Recall that a sequence in a space Y is a map φ: Z → Y and that we say that φ “converges to” y
0 
if ∀U(y

0
) ∃N∀n 

n ≥ N: φ(n) ∈ U, where U(y
0
) is a neighborhood of y

0
. For sequences of reals, φ→y

0
 becomes: ∀ε > 0 ∃N ∀n 

≥ N: φ(n) ∈ B(y
0
, ε), where B(y

0
, ε) is defined as the set {y: d(y,y

0
) < ε}. See Dugundji (1966), p. 209.
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by invoking the concept of approximation: it is argued that it is “impossible” to 
test idealizations, because their antecedents (ideal conditions) are never realisa-
ble. To this objection we can reply: maybe idealizations themselves cannot be di-
rectly confirmed, but the statements in which it is stated that the idealized fac-
tors do not assume the limit value, but approach to it, these statements can usually be 
easily confirmed. We merely need to experimentally reproduce a situation which 
approaches that of the ideal or limit conditions and try to show whether the ide-
alized law approximately holds. There is another kind of justification for the use 
of idealizations: they should allow for practical computability. In intertheorical 
cases, such as the Kepler-Newton and the Newton-Einstein relations, the practical 
computability allowed by the idealized theory enable us to use the old laws in some 
restricted domains and to a certain degree of accuracy. Science always impels us to find 
the best explanation of a phenomenon. In the present context, this turns into try-
ing to find the best concretized form of a certain law or theory, which is proved 
to be only approximately true. In many paradigmatic cases of “revolution” in sci-
ence, we have a new theory which ideally tries (1) to explain the anomalies of the 
old theory, (2) to explain the same successful empirical consequences as the old 
theory, (3) to have more predictive power, and (4) if it is possible, to be applica-
ble to a much broader empirical domain of entities. Theories which were well ac-
cepted in the past and that are proved to be approximately true according to the 
new and more precise ones should not be rejected. They can still be applicable in 
a restricted domain. In these cases, it is desirable that the new theories can pro-
vide a theoretical explanation of the fact that the old theory is still successful to 
some extent. For example, Newton accepted Kepler’s laws as empirical generaliza-
tions holding only approximately and arrived at his theory of gravitation in part 
trying to give a theoretical explanation for these laws. And Einstein tried to give 
a formulation for the gravitation field equations which could explain the success-
ful part of Newton’s theory. These considerations seem to me in accordance with 
Kuipers’ (2007) reflections on the relation of idealization to truth approximation 
(he also understands this notion as a relation between idealized structures). 

5. Conclusion
The comparison between the two accounts, Nowak’s and that of the structural-
ist view, shows that Nowak’s original formulation in terms of the syntactic view 
is inadequate for methodological purposes. At the same time, our structuralist re-
construction indicates the relevance of the concept of idealization as a specific re-
lation between structures distinct both from the notion of idealization as model 
construction and from the concept of approximation. As we have shown, this par-
ticular kind of idealization, which Nowak tried to capture with his own analysis, 
can also be formalized in structuralist terms. In this sense, our work should be 
added to that of Balzer & Zoubek’s (1994), who similarly endorse a structuralist 
version of Nowak’s concept of idealization. In further publications I will provide 
some historical examples that can be reconstructed according to my own account.



Idealization within a Structuralist Perspective  | 87

Bibliografía

Bailer-Jones, D. (2009), Scientific Models in Philosophy of Science, Pittsburgh: University of 
Pittsburgh Press.

Balzer, W. (1997), Die Wissenschaft und ihre Methoden. Grundsätze der Wissenschaftstheorie. Ein 
Lehrbuch, Freiburg/München: Verlag Karl Alber.

Balzer, W., Moulines, C.U. and J.D. Sneed (1987), An Architectonic for Science. The Structuralist 
Program, Dordrecht: Reidel.

Balzer, W. and G. Zoubek (1994), “Structuralist Aspects of Idealization”, in Kuokkanen (1994), 
pp. 57-79. 

Bogen, J. and J. Woodward (1988), “Saving the Phenomena”, The Philosophical Review 97: 303-
352.

Bogen, J. and J. Woodward (1992), “Observations, theories, and the evolution of the human 
spirit”, Philosophy of Science 59: 590-611.

Bogen, J. and J. Woodward (2003), “Evading the IRS”, Poznań Studies in the Philosophy of the Sci-
ences and the Humanities 20: 223-256.

Brzeziński, J., Coniglione, F., Kuipers, T. and L. Nowak (eds.) (1990a), Idealization I: General 
Problems, Poznań Studies in the Philosophy of the Sciences and the Humanities, vol. 16, 
Amsterdam, Atlanta, GA: Rodopi.

Brzeziński, J., Coniglione, F., Kuipers, T. and L. Nowak (eds.) (1990b), Idealization II: Forms and 
Applications, Poznań Studies in the Philosophy of the Sciences and the Humanities, vol. 
17, Amsterdam, Atlanta, GA: Rodopi.

Brzeziński, J. and L. Nowak (eds.) (1992), Idealization III: Approximation and Truth, Poznań 
Studies in the Philosophy of the Sciences and the Humanities, vol. 25, Amsterdam, Atlan-
ta, GA: Rodopi.

Brzeziński, J., Klawiter, J.A., Kuipers, Th., Łastowski, K., Paprzycka K. and P. Przybysz (eds.) 
(2007), The Courage of Doing Philosophy: Essays Presented to Leszek Nowak, Amsterdam: Rodopi. 

Cartwright, N. (1989), Nature’s Capacities and their Measurement, Oxford: Clarendon Press.

Cartwright, N. (1999), The Dappled World. A Study of the Boundaries of Science, Cambridge: 
Cambridge University Press.

Cartwright, N., Shomar, T. and M. Suárez (1995), “The Tool Box of Science”, in Herfel, 
Krajewski, Niiniluoto & Wojcicki (1995), pp. 137-149.

Cohen, L.J. (1989), “Idealisation as a form of Inductive Reasoning”, in Brzeziński et al. (1990a), 
pp. 153-166.

Dilworth, C. (1989), “Idealization and the Abstractive-Theoretical Model of Scientific Explana-
tion”, in Brzezinski et al. (1990a), pp. 167-181.

Dilworth, C. (ed.) (1992), Idealization IV: Intelligibility in Science, Poznań Studies in the Philoso-
phy of the Sciences and the Humanities, vol. 26, Amsterdam, Atlanta, GA: Rodopi.

Dugundji, J. (1966), Topology, Boston: Allyn and Bacon.

Ellis, B. (1992), “Idealization in Science”, in Dilworth (1992), pp. 265-282.

Giere, R. (1999), “Using Models to Represent Reality”, in Magnani, Nersessian & Thagard 
(1999), pp. 41-57.



88 | Xavier de Donato Rodríguez

Haase, M. (1995), Galileische Idealisierung. Ein pragmatisches Konzept, Berlin: Walter de Gruyter.

Haase, M. (1996), “Pragmatic Idealization and Structuralist Reconstruction of Theories”, Jour-
nal for General Philosophy of Science 27: 215-234.

Hamminga, B. (1989), “Sneed versus Nowak: an Illustration in Economics”, Erkenntnis 30: 
247-265.

Harré, R. (1970), The Principles of Scientific Thinking, Chicago: University of Chicago Press.

Harré, R. (1989), “Idealization in Scientific Practice”, in Brzeziński et al. (1990a), pp. 183-191.

Harris, T. (1999), “A Hierarchy of Models and Electron Microscopy”, in Magnani, Nersessian 
& Thagard (1999), pp. 139-148.

Herfel, W., Krajewski, W., Niiniluoto, I. and R. Wojcicki (eds.) (1995), Theories and Models in 
Scientific Processes, Amsterdam: Rodopi.

Hüttemann, A. (1997), Idealisierungen und das Ziel der Physik. Eine Untersuchung zum Realismus, Em-
pirismus und Konstruktivismus in der Wissenschaftstheorie, Berlin/ New York: Walter de Gruyter. 

Ibarra, A. and Th. Mormann (1994), “Counterfactual Deformation and Idealization in a Struc-
turalist Framework”, in Kuokkanen (1994), pp. 81-94.

Kowalenko, R. (2009), “How (Not) to Think About Idealisation and Ceteris Paribus Laws”, Syn-
these 167: 183-201.

Krajewski, W. (1977), Correspondence Principle and Growth of Science, Dordrecht: Reidel.

Kuipers, Th. (2007), “On Two Types of Idealization and Concretization: The Case of Truth 
Approximation”, in Brzeziński et al. (2007), pp. 75-102.

Kuokkanen, M. (1988), “The Poznań School Methodology of Idealization and Concretization 
from the Point of View of a revised Structuralist Theory Conception”, Erkenntnis 28: 97-115.

Kuokkanen, M. (ed.) (1994), Idealization VII: Structuralism, Idealization and Approximation. 
Poznań Studies in the Philosophy of the Sciences and the Humanities, vol. 42, Amster-
dam, Atlanta, GA: Rodopi.

Kuokkanen, M. and T. Tuomivaara (1992), “On the Structure of Idealizations. Explorations in 
the Poznań School Methodology of Science”, in Brzeziński & Nowak (1992), pp. 67-102.

Kupracz, A. (1992), “Testing and Correspondence”, in Brzeziński & Nowak (1992), pp. 127-144.

Laudan, L. and J. Leplin (1991), “Empirical equivalence and Underdetermination”, The Jour-
nal of Philosophy 88: 449-472.

Laymon, R. (1980), “Idealization, Explanation and Confirmation”, in Asquith, P. and R. Giere 
(eds.), Proceedings of the 1980 Biennal Meeting of the Philosophy of Science Association, Michi-
gan: East Lansing, vol.1, 1980, pp. 336-352.

Laymon, R. (1982), “Scientific Realism and the Hierarchical Counterfactual Path from Data to 
Theory”, in Asquith, P. and T. Nickles (eds.), Proceedings of the 1982 Biennal Meeting of the 
Philosophy of Science Association, Michigan: East Lansing, vol.1, 1982, pp. 107-121.

Laymon, R. (1985), “Idealizations and the Testing of Theories by Experimentation”, in 
Achinstein, P. and O. Hannaway (eds.), Experiment and Observation in Modern science, Bos-
ton: MIT Press and Bradford Books, 1985, pp. 147-173.

Laymon, R. (1987), “Using Scott Domains to Explicate the Notions of Approximate and Ideal-
ized Data”, Philosophy of Science 54: 194-221.

Laymon, R. (1989), “Applied Idealized Scientific Theories to Engineering”, Synthese 81: 353-371.

Liu, Ch. (1999), “Approximation, Idealization, and the Laws of Nature”, Synthese 118: 229-256.



Idealization within a Structuralist Perspective  | 89

Magnani, L., Nersessian, N.J. and P. Thagard (eds.) (1999), Model-Based Reasoning in Scientific 
Discovery, N.Y.: Plenum Publishers.

Mayo, D.G. (1996), Error and the Growth of Experimental Knowledge, Chicago: University of 
Chicago Press.

McMullin, E. (1985), “Galilean Idealization”, Studies in the History and Philosophy of Science 16: 
247-273.

Mormann, Th. (2007), “Representations, Possible Worlds, and the Idealizational Approach to 
Science”, in Brzezinski et al. (2007), pp. 273-302.

Morrison, M. and M. Morgan (eds.) (1999), Models as Mediators, Cambridge: Cambridge 
University Press.

Moulines, C.U. (1996), “Structuralist Models, Idealization, and Approximation”, in Hegsel-
mann, R., Mueller, U. and K.G. Troitzsch (eds.) (1996), Modelling and Simulation in the So-
cial Sciences from the Philosophy of Science Point of View, Dordrecht/Boston/London: Kluwer 
Academic Publishers, pp. 157-167.

Moulines, C.U. (2005), “Models of Data, Theoretical Models, and Ontology: A Structuralist 
Perspective”, in Hoffmann, M.H.G., Lenhard, J. y F. Seeger (eds.), Activity and Sign, New 
York: Springer, pp. 325-333. 

Moulines, C.U. (2007), “Model Construction, Idealization, and Scientific Ontology”, in 
Brzezinski et al. (2007), pp. 257-271.

Moulines, C.U. and R. Straub (1994), “Approximation and Idealization from the Structuralist 
Point of View”, in Kuokkanen (1994), pp. 25-48.

Newton, I. (1687[1934]), Philosophíæ Naturalis Principia Mathematica, London: S. Pepys. (Re-
vised English translation by Florian Cajori: Mathematical Principles of Natural Philosophy 
and His System of the World, vols. I and II, Berkeley/Los Angeles/London: University of 
California Press, 1934.)

Niiniluoto, I. (1998), “Verisimilitude: The Third Period”, British Journal for the Philosophy of Science 
49: 1-29.

Niiniluoto, I. (1999), Critical Scientific Realism, Oxford: Oxford University Press.

Niiniluoto, I. (2007), “Idealization, Counterfactuals, and Truthlikeness”, in Brzeziński et al. 
(2007), pp. 179-204.

Nowak, L. (1972), “Laws of Science, Theories, Measurement (Comments on Ernest Nagel’s 
The Structure of Science)”, Philosophy of Science 39: 533-547.

Nowak, L. (1979), “Idealization and rationalization. An analysis of the anti-naturalist pro-
gramme”, Epistemologia II, numero speciale/special issue: 283-306.

Nowak, L. (1980), The Structure of Idealization: Towards a Systematic Interpretation of the Marxian 
Idea of Science, Dordrecht: Reidel.

Nowak, L.(1989), “On the (idealizational) Structure of Economic Theories”, in Balzer, W. and 
B. Hamminga (eds.), Philosophy of Economics, Dordrecht/Boston/London: Kluwer Academic 
Publishers, pp. 225-246.

Nowak, L. (1990), “Abstracts are Not Our Constructs. The Mental Constructs are Abstracts”, 
in Brzeziński et al. (1990b), pp. 193-206.

Nowak, L. (1991a), “Thoughts are Facts in Possible Worlds, Truths are Facts of a Given 
World”, Dialectica 45: 273-287.

´



90 | Xavier de Donato Rodríguez

Nowak, L. (1991b), “The Method of Relevant Variables and Idealization”, in Eells, E. and 
T.Maruszewski (eds.), Probability and Rationality. Studies on L.J.Cohen’s Philosophy of Sci-
ence, Poznań Studies in the Philosophy of the Sciences and the Humanities, vol. 21, 
Amsterdam, Atlanta, GA: Rodopi, pp. 41-64.

Nowak, L. (1992), “The Idealizational Approach to Science: A Survey”, in Brzeziński & Nowak 
(1992), pp. 9-63.

Nowak, L. (1994), “Remarks on the Nature of Galileo’s Methodological Revolution”, in 
Kuokkanen (ed.) (1994), pp. 111-126.

Nowak, L. (1995), “Antirealism, (Supra-)realism and Idealization”, in Herfel, Krajewski, Niini-
luoto & Wojcicki (1995), pp. 225-242. 

Nowak, L. and I. Nowakowa (eds.) (2000), Idealization X: The Richness of Idealization, 
Poznań Studies in the Philosophy of the Sciences and the Humanities, vol. 69, Amster-
dam, Atlanta, GA: Rodopi.

Nowakowa, I. (1994), Idealization V: The Dynamics of idealization, Poznań Studies in the Philoso-
phy of the Sciences and the Humanities, vol. 34, translated by Paprzycka, K. and M. 
Kwiek, Amsterdam, Atlanta, GA: Rodopi.

Paprzycka, K. (1992), “Why Do Idealizational Statements Apply to Reality”, in Brzeziński & 
Nowak (1992), pp. 145-156.

Paprzycki, M. and K. Paprzycka (1992), “Accuracy, essentiality and idealization”, in Brzeziński 
& Nowak (1992), pp. 255-265.

Psilllos, S. (1999), Scientific Realism. How Science Tracks Truth, London and New York: 
Routledge.

Rott, H. (1994), Reduktion und Revision. Aspekte des nichtmonotonen Theorienwandels, Frankfurt 
a.M.: Peter Lang. 

Shaffer, M.J. (2007), “Idealization, Counterfactuals, and the Correspondence Principle”, in 
Brzezinski et al. (2007), pp. 179-204.

Sklar, L. (2000), Theory and Truth. Philosophical Critique within Foundational Science, Oxford: 
Oxford University Press.

Suppe, F. (1989), The Semantic Conception of Theories and Scientific Realism, Urbana and Chicago: 
University of Illinois Press.

Suppes, P. (1962), “Models of Data”, in Nagel, E., Suppes, P. and A.Tarski (eds.), Logic, 
Methodology and the Philosophy of Science: Proceedings of the 1960 International Congress, 
Standford: Standford University Press, 1962, pp. 252-261.

Thomson-Jones, M. (2005), “Idealization and Abstraction: A Framework”, in Cartwright, N. 
and M. Thomson-Jones (eds.), Idealization XII: Correcting the Model: Idealization and Abstrac-
tion in the Sciences, Amsterdam: Rodopi, 2005, pp. 173-217. 

van Fraassen, B.C. (1980), The Scientific Image, Oxford: Clarendon Press.

van Fraassen, B.C. (2008), Scientific Representation, Oxford: Clarendon Press.

Weisberg, M. (2007), “Three Kinds of Idealization”, The Journal of Philosophy 104 (12): 639-59.

Woodward, J. (2000), “Data, Phenomena, and Reliability”, Philosophy of Science Supplement 67: 
S163-179.

Zielinska, R. (1990), “Contribution to the Problem of Abstraction”, in Brzezińksi et al. (1990b), 
pp. 9-22.


