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Scientific Models as Imaginary Objects Gabriele Contessa Department of Philosophy Carleton University [email protected]



1. Introduction Scientists often refer to models in journal articles, textbooks, class notes, conferences, conversations with colleagues and make assertions about those models, which they seem to deem capable of being true or false. The author of a physics textbook, for example, may use apparently referring expressions such as ‘the ideal pendulum’ and ‘the Rutherford model of the atom’ and assert sentences such as: ‘The ideal pendulum is not affected by friction’ and ‘In Rutherford model of the atom, the electrons move in well-defined orbits’. Scientists do not seem to take the practice of referring to models and making assertions about them to be any more problematic than the practice referring to an apple and asserting it is red. And, indeed, this practice shows all the external indicators of successful linguistic practices. When talking about a certain model, scientists generally seem to agree as to which object they are referring to and they rarely seem to disagree about the truth or falsity of most of the claims about those objects. Yet, in most cases, it is far from clear what the entities supposedly referred to by those expressions are, what makes propositions about them true or false (if they actually are



1



capable of being true or false), and how scientists can find out which of them are true and which of them are false. Given the large amount of attention that philosophers of science have devoted to scientific models in the last few decades, one would expect to find in the literature many attempts to shed some light on these fundamental questions about models. Somewhat surprisingly, however, this is not the case. Questions concerning the ontology and epistemology of scientific models are only rarely mentioned in the literature (for an exception see (da Costa and French 2003)), let alone answered. This phenomenon is even more surprising if one considers the amount of interest raised by analogous questions about the ontology and epistemology of mathematical objects in the philosophy of mathematics. This lack of interest, I suspect, is partly explained by the fact that it is commonly believed that ‘scientific models’ is a catchall phrase for what is actually a heterogeneous collection of objects. It is commonly assumed that, if all scientific models have something in common, this is not their ontological nature but their function. In the literature, one finds two main functional characterisations of what models are, which Ronald Giere (1999) has dubbed, respectively, as the instantial conception and representational conception of scientific models. The instantial conception characterises a model of a certain theory as anything that satisfies that theory—that is, as anything of which the theory is a true description. The representational conception, on the other hand, conceives of scientific models as objects that are used by scientists to represent some system in the real world.1 Both the instantial and the representational conceptions of scientific models,
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The instantial conception has been championed, among others, by the likes of Patrick Suppes (1960) and Bas



van Fraassen (1989, Ch. 9) and, despite coming under attacks from various fronts, it is still widely popular among
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however, remain almost completely silent as to what kinds of entities do in fact perform the relevant function. Personally, I do not have any problems with functional characterizations of scientific models. In fact, I take the representational conception of scientific models to be a step in the right direction. However, even if, from an ontological point of view, scientific models may be a heterogeneous assortment and the best general characterization the one can give of them is a functional characterization, it does not follow that it is impossible to develop an account of the ontology of scientific models. Even if not all scientific models belong to a single ontological “kind”, they might nonetheless belong to a few such kinds and we might be able to formulate accounts of what each of these kinds of models are. In other words, the heterogeneity of models certainly makes the task of formulating an account of their ontology more difficult, but it does not exempt the philosopher of science from that task. Nor does it follow that the questions concerning the ontology of scientific are any less pressing. To the contrary, even if models are characterized purely functionally, it is difficult to understand how a certain object can perform the relevant function, if we have no idea of what that object is.2 Moreover, it seems that, if models play such a central role in science, as most philosophers of science seem to agree today, we would at least need the sketch of an answer to questions such as ‘What is a scientific model?’ in order to be able to answer crucial questions such as ‘What makes claims about a certain model true or false?,’ ‘How do we learn about models?’ or ‘How do we use them to represent the world?’



the supporters of the semantic view of theories. Supporters of the representational conception, which is becoming increasingly popular, include Ronald Giere (1988) and R.I.G. Hughes (1997). 2



See, for example, Martin Thomson-Jones’s paper in this issue.
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2. A Provisional Taxonomy of Scientific Models So, what kind of object are scientific models? At least in some cases, the answer to this question seems to be relatively straightforward. When my high-school biology teacher was talking about the model of DNA that still stands on one of the shelves in the school lab, for example, she was referring to an actual concrete object that is more or less a meter tall and is made of coloured plastic balls and thin metal rods arranged in a certain way around a metal pole, which is stuck onto a wooden pedestal. If we were in my high-school laboratory, I could point the model out to you. We could touch it or take photographs of it. If someone accidentally hit it and it fell on the floor, it could break. However, it would be possible to replace it by buying a new one for around $1300. In other words, that model is a material object just like the shelf on which it stands. I will call this kind of model material models. Since material models do not seem to pose any ontological questions that are not already posed by other ordinary material objects, I will not focus on them here. When it comes to a second class of models, however, the answer to the above question is slightly more problematic. When talking about the logistic growth model in population biology, for example, scientists usually seem to be referring to an equation of the form:



dP  P = rP1 − . dt  K In this and other cases, scientists are apparently referring to a mathematical object, usually an equation (or a set of equations). Models of this second kind are usually called mathematical models. If the answer seems to be more problematic in this second case, it is because, from an ontological point of view, mathematical objects (if there are any) are a much more elusive kind of objects than material objects. If when talking of mathematical models scientists were just
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referring to mathematical objects such as equations, then the philosopher of science would seem to be able to delegate the task of investigating the nature of mathematical models to the philosopher of mathematics and I will assume that we can do so here. The vast majority of scientific models, however, do not seem to fall in either of the two categories I have just considered. Consider a homely example from classical mechanics: the ideal pendulum. When referring to the ideal pendulum, scientists apparently refer to an object whose description can be found in many basic physics textbooks. This object is usually described as a point mass of mass m suspended from an inextensible, massless string of length l. When the mass is displaced from its rest position of an angle θ, the mass swings back and forth under the influence of a uniform gravitational field. Since the pendulum is not affected by frictional forces it will continue to oscillate with an isochronous period. The ideal pendulum is obviously not a material object. One cannot point at it, nor break it, nor photograph it (even if, in some textbooks, it is possible to find drawings of it), nor buy it online. As the name suggests and the textbooks are usually keen to remark, no real pendulum has all the characteristics which we attribute to the ideal pendulum—no real pendulum bob (no matter how small) is a point particle; no real string (no matter how light and sturdy) is completely massless or inextensible; no pendulum (no matter how well lubricated) is absolutely frictionless, and so on. If by ‘existence’ we designate the mode of being enjoyed by actual concrete objects such as ordinary material objects and flesh-and-blood persons as I will do here, we can safely affirm that the ideal pendulum does not exist. Yet the ideal pendulum model is not just a mathematical object either. Although equations (and other mathematical objects such as state-space diagrams) can be (and often are) used to describe some aspects of the behaviour of the ideal pendulum, the equations (or state space 5



representation) should not be mistaken for the ideal pendulum itself. For example, the motion of the ideal pendulum can be described by means of the following differential equation: d 2θ g + sin θ = 0. dt 2 l



However, this equation is not the pendulum (as it is sometimes assumed)—the equation is only one way to describe the way the pendulum moves. And if the pendulum moves in the way described by that equation, it is because of the characteristics it is said to have. For example, the bob of the pendulum is said to have a mass and to be acted on by certain forces and it is those forces that make the bob oscillate in the characteristic way described by the above equation. So, the above equation is not the ideal pendulum—it is just useful ways to describe some of the aspects of the behaviour of the ideal. By the same token, the pendulum is not a set of trajectories in a state-space either (as, for example, van Fraassen (1989, p. 223) seems to suggest—trajectories in a state space are just a perspicuous way to illustrate certain aspects of the behaviour of the pendulum. 3. A Striking Resemblance So, scientific models of the third kind such as the ideal pendulum can be described, can be drawn, are said to have characteristics that are typically ascribed to concrete objects and yet, unlike actual concrete objects, they do not exist. These and other features typical of models of the third kind are strikingly similar to the features of another kind of entities that are philosophically puzzling—fictional entities. A fictional entity such as Sherlock Holmes does not exist and yet he is said to smoke a pipe and to live in London at 221b Baker Street. Also, it is not unusual to find drawings of Shelrock Holmes printed on the cover of the books. Finally, like scientific models, fictional entities have an author (although is not always easy or possible to identify who their 6



author is). Sherlock Holmes was created by Arthur Conan Doyle towards the end of the 19th century and the Bohr model of the atom was created by Niels Bohr at the beginning of the 20th century. Due to these striking resemblances here I will call models of the third kind fictional models. The claim that there is a striking resemblance between (some) scientific models and fictional entities is not entirely new to philosophy of science. For one, Nancy Cartwright has claimed (though, I suspect, somewhat figuratively) that “[a] model is a work of fiction” (Cartwright 1983, p.153) (for remarks in a similar spirit see also (Giere 1985), (Giere 1988), (Godfrey-Smith 2006)). Despite these highly stimulating suggestions, however, attempts to develop and defend the view that fictional models belong to the same ontological genus as fictional entities have been extremely rare. This is what I intend to do in this paper, where I maintain that the one between fictional models and fictional characters is not an accidental resemblance—it is, so to speak, a family resemblance. Fictional models and fictional characters are two species of the same ontological genus—that of imaginary objects. I think that it is particularly important to defend this view explicitly because, in the absence of a specific account, the claim that models are (or are analogous to) fictional entities risks being an instance of explaining the obscure by the more obscure. In the philosophical literature, there are numerous accounts of the nature of imaginary objects. So, unless one specifies what one means by saying that fictional models are imaginary objects, the claim that scientific models are (or are
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analogous to) imaginary objects is condemned to remain little more than a stimulating suggestion.3 In this paper, I intend to sketch such an account. Two remarks are in order here. First, to say that both fictional entities and scientific models belong to the same ontological kind is not to say that there is no difference whatsoever between scientific models and fictional entities. There are many differences between fictional entities and fictional models. For example, these two kinds of objects are found in completely different contexts (i.e. fictional literature and scientific discourse) and serve (mostly) distinct functions. Therefore, when claiming that both fictional models and fictional entities are imaginary objects, I do not mean to claim that the scientific practice of modelling is a form of fictional literature. Nor do I claim that talking about models and talking about fictional entities have the same purpose. Rather I claim that that talking about models and talking about fictional entities are analogous linguistic practices that concern objects that belong to the same ontological kind but that are used for different purposes. Second, the claim that fictional models belong to the same ontological kind as fictional entities is to be clearly distinguished from the position within the scientific realism debate that is sometimes called fictionalism (see (Fine 1993)). I take it that fictionalism is a form of instrumentalism according to which theories should not be construed literally but only as fictions aimed at “saving the phenomena” (whatever that means). So, a fictionalist believes that, when a theory states that, say, there are electrons, we should not take its statement literally. Rather, we should take it as part of a useful fiction that we employ to obtain certain empirical predictions.
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The differences between the account of models as fictions defended in this paper and the ones defended by



Roman Frigg and Adam Toon in this issue clearly illustrates how the claim that models are fictional objects can be given very different interpretations depending on one’s account of what (if anything) fictional objects are.
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While a fictionalist might want to espouse the thesis that fictional models belong to the same ontological category as fictional entities, one does not need to be a fictionalist to do so. In fact, one can be a scientific realist and still believe that the models that we use to represent atoms or quarks are fictional entities even if the atoms and quarks themselves are actual concrete entities just like tables and chairs. 4. Actual Concrete Objects So, what are fictional models? The first proposal I will consider here is that fictional models are actual concrete systems that we pretend to have characteristics different from the ones they actually have. According to this view, for example, ‘the ideal pendulum’ refers to some real pendulum or other whose string we pretend to be massless string and whose bob we pretend to have no extension. If we were to take this proposal seriously, however, it would seem legitimate to ask which actual concrete pendulum is the ideal pendulum—is it the pendulum of the grandmother’s clock in the hallway or the one that stands on the table in one of the labs in the physics department? This seems to be clearly a ridiculous question for there seems to be no actual concrete pendulum that is the unique referent of the expression ‘the ideal pendulum’ (or, at least, if there is one such pendulum, the vast majority of the users of the expression ‘the ideal pendulum’ ignore which concrete actual pendulum that expression refers to). A more plausible variant of this proposal is that ‘the ideal pendulum’ does not always refer to the same actual concrete pendulum but to different actual concrete pendula on different occasions. So, for example, if we are investigating the behaviour of the tire-swing hanging from the tree in the backyard, we might pretend that the swing is an ideal pendulum. In doing so, we pretend, among other things, that the rope from which the swing hangs is inextensible and weightless, that the swing is not affected by frictional forces and so on. 9



This proposal seems to be quite plausible in those circumstances in which we use a model to investigate some specific concrete system or other. However, this is not always the case. In many cases, we talk and think about a certain model without having any specific concrete system in mind. In those cases, it seems to be questionable to assume that there is some actual concrete pendulum or other that we pretend is the ideal pendulum. For example, if a textbook exercise asks readers to determine when the tension of the rope in the ideal pendulum reaches its maximum, the readers will not typically think of some concrete actual pendulum or other and pretend that it is an ideal pendulum in order to answer the question. They just need to think of a pendulum that fits the description of the ideal pendulum. 5. Possible Concrete Objects Given what I just said at the end of the last section, it is tempting to suggest that ‘the ideal pendulum’ does not refer to any actual concrete system but to some possible but non-actual system. Even if no actual pendulum fits the description of the ideal pendulum, there could have been pendula that fitted that description—i.e. there could have been pendula whose string is massless and inextensible, whose bob is a point mass, and so on. Many, I suspect, would tend to shrug off this proposal as far-fetched because of its reliance on merely possible objects. However, this, in and of itself, does not seem to be a good reason for dismissing it. Even if talk of merely possible objects is far from being uncontroversial or philosophically unproblematic, most of us seem to believe that there could have existed things that do not actually exist. For example, we seem to believe that, even if Richard Nixon did not actually have a son, he could have had one or that, even if there is no sphere of solid gold of 20 miles of diameter, there could be one. Admittedly, making philosophical sense of these beliefs is not easy. However, with the possible exception of the most radical actualists, everyone seems to 10



agree that we ought to make some philosophical sense of talk of mere possibilia. If this is correct, the thesis that fictional models are merely possible systems would not seem to pose any novel philosophical challenge. One, however, could argue that fictional models could not have existed in the same sense in which Nixon’s son or the huge golden sphere could exist. The existence of Nixon’s son and that of the big golden sphere seems both nomically and metaphysically possible; the existence of a pendulum that fits the description of the ideal pendulum, on the other hand, does not seem to be nomically (and perhaps even metaphysically) possible. For example, it is not clear if it is nomically possible for there to be a pendulum whose bob is a point mass because all nomically possible massive objects are extended in space. It is beyond the scope of this paper to discuss whether unextended massive objects are nomically or metaphysically possible. Whatever the case may be, however, the existence of a pendulum that fits the description of the ideal pendulum seems to be at least broadly logically possible. That is, there seems to be no straightforward contradiction in conceiving of a world in which there is a pendulum whose bob is a point mass and whose string is massless and inextensible, which is in a uniform gravitational field. And this sense of possibility seems to be all that one needs for this proposal to be viable. This proposal, however, is still not satisfactory. A first problem is that the description of the ideal pendulum does not fit one but many possible pendula. For example, although that description tells us that the bob of the ideal pendulum has a certain mass m and its string has a certain length l, it does not specify what the values of m and l are. We usually take this to mean that the bob of the ideal pendulum can have just any mass and its string can have just any length. So, that description does not fit one but uncountably many possible pendula. Some of them have 11



longer strings than others and some of them have more massive bobs than others. Since all of these pendula fit the description of the ideal pendulum, it would seem to be arbitrary to identify any one of them as being the unique referent of ‘the ideal pendulum’. To avoid this difficulty, it would be tempting to suggest that ‘the ideal pendulum’ does not refer to the same possible pendulum in all contexts but to different possible pendula in different contexts. For example, if we are considering a tire-swing whose rope is 150 cm long and whose seat together with the child sitting on it has a mass of 15 kg, we will set m and l to be respectively 15 and 150. In that context, the ideal pendulum would refer to (one of) the possible pendulum(s) whose string is 150 cm long and whose bob has a mass of 15 kg. As we have already seen, however, we often think of the ideal pendulum without thinking of its string having any specific length or its bob as having any specific mass. For example, we know that, no matter what the specific length of the string is, the period of the pendulum is given by 2π(l/g)½. One could suggest that in this case we are just making a general claim about all of the possible pendula that fit the ideal pendulum description. In this case, the ideal pendulum refers to an arbitrary possible pendulum that fits the description of the ideal pendulum. (This is somewhat analogous to what we use an arbitrary triangle to show something about triangles in general by disregarding the specific characteristics of the triangle we are using such as the length of its sides or the width of the angles between them.) The suggestion that ‘the ideal pendulum’ refers to different specific possible pendula in different contexts may successfully avoid the above difficulties. However, it does not square particularly well with the linguistic practice of talking about the ideal pendulum as if it was a specific object—not different objects in different contexts.
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The view that fictional models are possible concrete objects however, faces a more serious general problem, which is analogous to Kripke’s objection against the view that ‘Sherlock Holmes’ refers to a possible but not actual detective. I think that the full force of this objection can be better appreciated if we consider the Rutherford model of the atom instead of the ideal pendulum. According to this objection, fitting the description of the Rutherford model of the atom is neither a necessary nor a sufficient condition for something to be the Rutherford model of the atom. Consider sufficiency first. Suppose that, unbeknownst to us, somewhere in the actual world, there is a system that fits exactly the description of the Rutherford model. Despite the fact that it fits the description of the Rutherford model, that system, the objection goes, could not be the referent of the expression ‘the Rutherford model of the atom’—as the name suggests the Rutherford model of the atom is a model of the atom proposed by Ernest Rutherford in order to account for certain atomic phenomena not an atom itself. So, it is not sufficient for something to fit the description of the Rutherford model of the atom in order for it to be the Rutherford model of the atom. However it is not even necessary for something to fit the description of the Rutherford model of the atom in order for it to be the Rutherford model of the atom, it does not even seem to be necessary. Whereas most of us would agree that it is in some sense true that, say, the electron in the Rutherford model of the atom orbits the nucleus in well-defined orbit, few would take it to be literally true. If the Rutherford model of the atom was a possible concrete system that fits the description of the Rutherford model of the atom, however, the description would be literally true of it. In other words, the view that fictional models are possible concrete systems seems to take the descriptions of models too seriously. 13



6. Actual Abstract Objects Another possible suggestion is that, whereas there is an obvious sense in which the Rutherford model of the atom does not actually exist (i.e. it is not an actual physical system), there is also a sense in which the Rutherford model of the atom actually exists (i.e. it is one of the best-known scientific models in the history of physics, which Ernest Rutherford used to account for the phenomenon known as Rutherford scattering). According to this proposal, insofar as ‘the Rutherford model of the atom’ refers to anything, it refers to an actual abstract entity, not to a possible concrete one. So, not only it is not sufficient for something concrete to fit the description of the Rutherford model of the atom in order to be the Rutherford model of the atom, but it is not even necessary. In fact, on this view, the description of the Rutherford model of the atom is literally false of it. If the view that fictional models are possible concrete systems takes the model descriptions too seriously, the view that fictional models are actual abstract objects does not seem to take them seriously enough. Even if we might not think that it is literally true that, say, the bob of the ideal pendulum swings back and forth, we still seem inclined to believe that it does so “in some sense.” The problem with this view is that, even if we would tend to deny the description of the Rutherford model may be literally false of it, we would be still inclined to maintain that it is “in some sense” true of it. However, if a fictional model is just an abstract entity, it is not clear how to make sense of this. 7. The Dualist account and the Dual Nature of Fictional Models Both the view that fictional models are possible concrete systems and the view that they are actual abstract systems seem to capture some of our intuitions about fictional models. However, neither of them seems to be entirely satisfactory. What is interesting is that the two views seem to 14



be complementary—one view seems to be successful where the other is not. One way to see this is to consider the distinction between external and internal sentences. Sentences about fictional models seem to fall in one of two categories, which, adopting a distinction sometimes used in the literature on fictional entities, I shall call internal and external sentences. External sentences such as (1) ‘The Rutherford model of the atom was created by Ernest Rutherford at the turn of the 20th century’ talk of fictional models as models. Whether a sentence such as (1) is true or false seems to depend crucially on how the actual world is and evidence for its truth or falsity is largely empirical evidence. An historian of physics, for example, might argue that (1) is false. The model of the atom to which we usually refer as ‘the Rutherford model of the atom’, she might argue, was not originally proposed by Ernest Rutherford. It had already been proposed and investigated by others, including the Japanese physicist Nagaoka, whose work Rutherford was familiar with and explicitly acknowledged in (Rutherford 1911). Internal sentences, on the other hand, talk of the model as if it were a concrete physical system. Internal sentences include, for example, (2) ‘In the Rutherford model of the atom, electrons orbit around the nucleus in well-defined orbits.’ We seem to take sentences such as (2) to be true only “in some sense” (if true at all). If, for example, a physics student who takes a true-or-false physics test answers that (2) is true her answer will be correct; if she answers that it is false, her answer will be incorrect. Yet, we would probably tend to maintain that (2) is not literally true. For (2) is not about any actual concrete physical system—the “electrons” and “the nucleus” mentioned in (2), for example, are not the electrons and the nucleus of any actual atom, because as we now believe actual electrons do not move in well-defined orbits around the nucleus. So, whereas (2) may not be literally true, there is a sense in which we would be inclined to say that it is true.
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Now, the view that fictional models are actual abstract systems seems to be successful in accounting for our intuitions that some internal sentences are literally true and that some external sentences are literally false. However, in and of itself, it does not seem to be able to accommodate the intuitions that some internal sentences are nevertheless “in some sense” true. The view that fictional models are possible concrete systems, on the other hand, seems to be partially successful in accounting for the fact that some internal sentences are “in some sense” true. However, it seems to take those sentences too seriously for, on that view, those internal sentences that are true are literally true not just “in some sense” true. Moreover, on that view, it is not clear how to vindicate the intuition that some external sentences are literally true. This, I think, is to be ascribed to the fact that both views refuse to acknowledge that fictional models (as well as other imaginary objects) have a dual nature. I will now sketch an account that by acknowledging the dual nature of fictional model combines the advantages of both the abstract object and the possible object views. I will call this account the dualist account.4 8. The Dualist Account According to the dualist account, a fictional model is an abstract object that stands for one or other of a set of possible concrete systems. External sentences such as (1) are literally true because they say something true of the abstract object to which ‘the Rutherford model of the atom’ refers (at least if the historian in our example is wrong and the model referred to as ‘the Rutherford model of the atom’ was actually created by Ernest Rutherford at the turn of the century). Internal sentences such as (2), on the other hand, are literally false because the Rutherford model
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Elswhere I argue that the dualist account is equally successful in dealing with more typical examples of fictional



entities such as Sherlock Holmes (see (Contessa forthcoming)).



16



of the atom is an abstract object and it contains neither an electron nor a nucleus. Nevertheless, in some circumstances, the Rutherford model of the atom acts as a stand-in for one of the possible systems that contain an electron orbiting around a nucleus in a well-defined orbit and, so, (2) can be considered to be true of it in some sense. We could say that a sentence like (2) is true “by proxy”. (This is not unlike when we talk of an actor as if he was the character he plays in a movie. Although our assertions are typically literally false of the actor, we take them to be in some sense true because they are true for the character the actor plays in the movie.) Three remarks are in order here. The first two concern ontological economy. Admittedly, the dualist account is ontologically inflationary for it requires that we let in both abstract objects and possible objects in our ontology. However, this in and of itself is not a reason to reject it. We are not supposed to accept the dualist account because of its ontological austerity but because of its descriptive adequacy—it vindicates a large number of intuitions that seem to underlie the way we talk and think of fictional models. Ockham’s razor urges us not to postulate entities unless they are indispensable. So, according to Ockham’s razor, if there was an account of fictional models that was as descriptively adequate as the dualist account but more austere ontologically, then we should prefer it to the dualist account. In the absence of such an account, however, Ockham’s razor does not prevent us from accepting the dualist account with all its ontological baggage. The second remark is that the ontological baggage that comes with the dualist account may be less weighty than it could seem at first. The dualist account does not commit us to any specific view about abstract and possible objects and most philosophers agree that, since we often speak as if there were abstract and possible objects, we need some philosophical account of that way of speaking.
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The third remark concerns the standing-for relation. Here, I only want to note that the relation that holds between the abstract object that is the model and the possible object for which it stands is not some mysterious relation. Most philosophers accept that some objects stand for other objects. For example, the name ‘Julius Cesar’ stands for Julius Cesar, that a blue area on a map stands for an expanse of water and that when we count five objects on fingers, each finger stands for one of the objects. The relation that holds between the abstract and the possible object according to the dualist account seems to be just another instance of that very relation. So, a satisfactory philosophical account of that relation that applies to all these other cases should also apply to our case. 9. Generative Descriptions So far, I have maintained that in some sense scientific models have the characteristics attributed to them. But where do these characteristics come from? In this section, I will sketch an answer to this question. On the dualist account, a scientist creates a scientific model by publicly describing a possible system in an appropriate context and manner and proposing it as a model of a certain (kind of) actual system. For example, if Rutherford is the author of the Rutherford model of the atom, he created it by describing a certain system in his 1911 paper and by proposing it as a model for the atom. (However, it is important to note that, according to the dualist account I defend here, the model is not the possible system described by Rutherford but the abstract object that stands for it and that was actually generated by Rutherford’s speech act.) In what follows I will call the original description by means of which a model is created the generative description of that model. The generative description, I think, is important but not sacred—subsequent users of the model can modify the model by re-describing it. One important way to modify the model is its specification. The specification of the model occurs whenever one 18



of its users substitutes some indefinite values of some characteristics of the model with definite values or specifies some boundary conditions. For example, one can set the length of the string of the ideal pendulum to some specific length or the initial conditions of the kinetic model of a gas as having low entropy. Another important modification of the model is its alteration. The alteration of the model occurs whenever a user explicitly attributes to the model some characteristics which were not present in its original description or characteristics which slightly differ from the one in the original description. For example, in the kinetic model of gases, the container in which the gas is enclosed can have different designs. It can be a completely energetically isolated or it can be in contact with a constant heat source. It can have a removable partition or a piston at one end. The modifications of the model are particularly important both for the application of the model to specific situations and for the investigation of the model. In principle, it is possible to regard each description of a modified version of a model as the generative description of a new model. This proliferation of models does not seem problematic insofar as the “family relations” among the models are clear. The different versions of a model are all related to each other and as such they have clear “family resemblances”: they share the most relevant characteristics of the original version of the model (where it is up to scientist to decide which characteristics of the basic model are most relevant). For example, we usually tend to see Bohr model of the atom and Rutherford model of the atom as distinct models, while we tend to see the so-called Sommerfeld model of the atom (in which the orbit of the electrons is elliptical) as only a generalized version of the Bohr model of the atom. Moreover, the different versions of a model are related to each other in the sense that there are “family ties” between them: each version is a more or less explicitly acknowledged modification 19



of the original model. For example, For example, in his ground-braking paper ‘On the Constitution of Atoms and Molecules’, after describing the Rutherford model of the atom, Niels Bohr proposes some crucial modifications of that model including the fact that the electrons in the new models are not allowed to any orbit but only those and that electrons do not radiate energy except when they “jump” from one orbit to another. The modified model is what it has come to be known as the Bohr model of the atom, which is a clear descendant of the Rutherford model of the atom. The more the original model is modified the more likely it is that the resulting model will be regarded as a different model. Personally, I do not think there is a clear-cut answer as to whether, say, the damped pendulum is a modified version of the ideal pendulum or it is a different model altogether. The two models are closely related and whether one sees them as two versions of the same model or two different models depends only on how one assesses their family resemblances. Now, according to this account, the generative description is necessarily a correct description of the possible systems for which the model stands—the model “has” all the characteristics the description ascribes to it. But is the generative description also a complete description of the model? In other words, even if we assume that the model “has” all the characteristics which the generative description explicitly ascribes to it, does it “have” only those characteristics? In his seminal work on scientific models (on whose insights the account I defend so heavily relies), Ronald Giere seem to answer this question affirmatively. Giere repeatedly maintains that “[a model] has all and only those characteristics explicitly specified” (Giere 1985, p.78; emphasis mine). I am not sure whether this is Giere’s considered view on the topic, but it seems to me that it does not justice to what we could call the “openness” of scientific models—scientific models
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have more characteristics than the ones which are explicitly attributed to them by their generative description—and this “openness” is one of the reasons that make models so interesting for us. The most obvious (but less interesting example) of these “surplus” characteristics are those that are implicitly attributed to the model. These are those characteristics which the model must have, in order to have to have the characteristics which are explicitly attributed to it. For example, an object cannot be 3cm long without being less than 10cm long. Nor can it have mass and momentum without having a velocity. Once certain characteristics are explicitly attributed to a scientific model by its generative description, the model is implicitly attributed other characteristics as any system which has the former characteristics necessarily have the latter characteristics (where the necessity here is of the logical or metaphysical kind). However, models are open also in a more interesting sense. Often models turn out to have characteristics that were neither explicitly nor implicitly attributed to the model by its generative description. For example, in the Rutherford model, electrons orbit around a small but massive positive nucleus.5 But is such a system stable? In his 1911 article, Rutherford sets this question aside (Rutherford 1911, p.671) but seems to believe that (at least from a mechanical point of view) the system would be stable. However, as Niels Bohr pointed out, the system described by Rutherford is not stable. According to classical electrodynamics, the orbiting electron being both accelerated and charged would radiate energy in the form of light, rapidly spiral towards the



5



It is not completely clear whether Rutherford was completely unaware of the instability of his model of the



atom (as it might be suggested by Rutherford 1911, p.688) or whether he just thought that at that stage the question of stability was premature (Rutherford 1911, p.671). In a later paper, Rutherford attributed to Bohr the realisation that “[…] the stable positions of the external electrons cannot be deducted from the classical mechanics” (Rutherford 1914, p.498). Whatever the case may be, even if Rutherford envisaged that his model of the atom might have been unstable, its instability was certainly not among the characteristics which he explicitly attributed to it.
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nucleus and ultimately collapse into it. Irrespectively of whether Rutherford foresaw this characteristic of the model, it is clearly not a characteristic that was explicitly attributed to it by him and yet it seems to be a characteristic that no one (not even Rutherford) denied the model had after Bohr pointed that out. Cases like this, I think, are the rule not the exception in the history of science. Almost every model of some scientific interest turns out to have characteristics other than the ones which are explicitly or implicitly attributed to it by its generative description. Upon investigation, scientific models often turn out to “have” characteristics that were unforeseen to their authors. In some cases, like the one we have considered, these characteristics are undesirable. However, this must not be so. In many cases models turn out to have unforeseen characteristics which makes them even more interesting (Poisson’s famous white spot seems to be a case in question). Scientific models thus are open in the sense that they are capable of having more characteristics than the ones explicitly attributed to them by their generative descriptions and it is partly because of this openness that it is worth to create and investigate models. But if fictional models have characteristics that are not explicitly attributed to them in their generative description, where do these additional characteristics come from? Here, I will only sketch an answer to this question. As we have seen, some of the additional characteristics simply come form the characteristics of the model that are explicitly attributed to it as a matter of logical or metaphysical necessity. However, other additional characteristics stem from the ones explicitly attributed to the model and the laws that govern the behaviour of the object in the model. For example, the possible systems for which the ideal pendulum stands for all obey the laws of classical mechanics. So, for example, the bob of the pendulum could not, say, be explicitly attributed a (non-zero) acceleration without a force acting on it. Analogously, the Rutherford 22



model of the atom is governed by the laws of classical electrodynamics and therefore, since, according to those laws, a negatively charged particle cannot accelerate without radiating energy, the electron in the model will ultimately collapse into the nucleus. This sketch of an answer I hope will prove a fruitful first step towards a better understanding of what I have called the openness of models. Still much work needs to be done to develop it into a satisfactory answer (for example, it does not account for those models in which some objects obey classical laws and others quantum mechanical ones). 10. Conclusion In this paper, I have developed and defended an account according to which one important class of models, which I have called fictional models, belong to the same ontological genus as fictional objects. According to this account, a model is an actual abstract object that stands for one of the many possible concrete objects that fit the generative description of the model. My hope is that a better understanding of what models are (which I hope this account will be able to provide us) will lead to a better understanding of what we do with models in science. Acknolwedgements I would like to thank Nancy Cartwright, Anjan Chakravartty, Steven French, Roman Frigg, Ronald Giere, and Martin Thomson-Jones for their helpful comments and for many interesting (for me) discussions on these topics. References Cartwright, N. (1983) How the Laws of Physics Lie, Oxford: Clarendon. Contessa, G. (forthcoming) ‘Who is Afraid of Imaginary Objects?’, in N. Griffin and D. Jacquette (eds.) Russell vs. Meinong: The Legacy of ‘On Denoting’, London: Routledge, forthcoming. Fine, A., (1993). ‘Fictionalism’, Midwest Studies in Philosophy, 18: 1-18. Da Costa, Newton C. A. and French, Steven (2003). Science and Partial Truth: A Unitary Approach to Models and Scientific Reasoning, Oxford, Oxford University Press. 23
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