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Abstract
In this essay I argue against the idea that modeling in science is analogous to fiction making in literary works by pointing out that a typical move in the former, which is widely acknowledged in philosophy literature as a signal for fictionalization, is never present in works of fiction (not even in science fiction).  I further argue that the reason for such a disparity is profound and profoundly against conceiving modeling as fictionalization.  I then explain the difference between the hypothetical and the fictional, and argue that modeling in science belongs to the former.  




I

Scientific models are traditionally regarded in philosophy of science as the main component of scientific theories (cf. van Fraassen 1980, Giere 1988, Suppe 1989).  In recent years, a sizable literature has grown up in which models are treated apart from the theories; and this is mostly because they are found to be non-truth-apt.  And this non-truth-aptness seems to further suggest that they need a separate ontology (Contessa 2010; Levy 2010, 2012).  Perhaps inspired by fictionalism in philosophy of mathematics or perhaps not, a fictionalist view of scientific models has recently emerged as an attractive approach (Godfrey-Smith 2006, 2009; Frigg 2010 and references therein).  The view takes models, when regarded as abstract entities, to be works of fiction.  They are said to be the result of imagination or invention; they are objects that inhabit a realm that is analogous to the realm inhabited by fictional characters and events (and therefore, sharing the same ontology); and they serve as the middle part of a tripartite scheme of representation in science (cf. Figg 2010).  
More accurately, in the tripartite account there is the description of a model that may be given verbally or mathematically; and this is the part whose elements can be true or false.  The model that belongs to the second part may either be an abstract entity or a physical system.  Some people believe that all scientific models are abstract; the concrete/physical things we sometimes also call models are rather the physical realizations of the abstract models.  But others think concrete things can be used as models without the mediation of any abstract entities.  A scale model for a Boeing 747 is not a physical realization of any abstract airplane but simply an object created and used for representing all the actual Boeing 747’s.  Either way, it does seem right to regard models as the middle “thing” in the scheme of scientific representation.  The third part comprises the real systems that are represented in the practice of modeling.  It is argued (cf. Godfrey-Smith 2006) that in the “model-based” approach to scientific representation, which is one of the major approaches, the verbal or mathematical part of a theory does not speak to the part of real systems directly; it first speaks to the models and then the models fulfill their representational job in a rather circuitous manner (cf. Frigg 2010).
[bookmark: _GoBack]Reasons for taking scientific models to be abstract entities are several, and the main reason seems to be that models are almost inevitably the result of idealization. To say that a physical artifact – a physical copy of an ideal pendulum or a DNA molecule, for instance – is the model may therefore be problematic.  However well constructed, it cannot be the idealized thing.  But only the appropriately idealized thing is accurately accounted for by the descriptive account of pendulums or DNA molecules.  Since our theory never account for the flaws and irrelevant aspects of the artifacts, it seems more reasonable to take the artifacts only as rough displays of the models.  Model cannot be ideas or images in people’s heads either for similar reasons.  For physicalists (in philosophy of mind), those are just physical objects, anyway; and therefore they cannot be models.  Even if one is not a physicalist about ideas and images in people’s heads, those ideas and images are nevertheless particulars that do not necessarily satisfy the uniform ideal conditions.  Hence, our theories cannot be said to be accounting for such particulars in people’s heads.  
I am not committed in this paper to this view of scientific models, for I do not believe in fictionalism.  But as far as I can see, fictionalism on scientific models only appears to be viable if one can defend the abstract-entity view.  Fictionalists would more naturally regard physical artifacts that we sometimes call “models” as physical realizations of models.  And this point appears to have a parallel in fictional characters (and events).  Prima facie, fictional characters may be invented by verbal descriptions and then they can also be physically realized by actors in a dramatization, in a movie or on stage, of the fiction; but presumably neither the set of all verbal descriptions for a character nor the actors playing it can be identified as the character itself.  
Given what has been said so far about scientific models, it should come as no surprise that the traditional debate in metaphysics about the ontology of universals and abstract entities also applies to models.  Similar to the well-known positions on the ontology of, e.g., mathematical entities, such as numbers and geometrical figures, we could have Platonism or Nominalism regarding models.  The Platonists regard models as abstract entities and exist as such.  The Nominalists deny that; for them there are no such abstract things as models; what we call “models” are all concrete objects that serve as vehicles for representing other concrete objects (including self-representations).  When confronted with such matters as idealization and abstraction in modeling, the Nominalists would argue that those are only ways in which to think about the models, having nothing to do with models themselves, which are always concrete objects.  Or a more practical way to be a Nominalist on models is to think of a model representation of a target system as de re, rather than de novo (cf. Levy 2010).  For instance, rather than thinking of the double-helix model of DNA molecules as an imagined entity that bears some special relationship to the actual DNA molecules, we think of it as a mere label, such that whenever we say something about the model, we are saying it of the real molecules rather than the model.  Constructing the model allows us to talk about the actual molecules in a special manner, and nothing more than that.  
A third position, now well entrenched in philosophy of mathematics, is fictionalism (Field 1989, Yablo 1998, 2010).  According to this view, the best way to accommodate our intuition about numbers and such is to think of them as fictional objects.  We have no trouble feeling as if the fictional characters, such as Sherlock Holms and Harry Porter, were real persons, and yet we know those names do not refer to any such.  Similarly, we feel on the one hand that numbers, such as one, two, and three, are real, but on the other hand, we do have reason to believe that they do not refer to anything.  We find rules and laws that apply to numbers and geometrical figures that do not strictly apply to any concrete objects, such as occupying spatio-temporal regions and having causal efficacy of some sort.  And this is analogous to our finding stories among fictional characters that do not obtain to any actual people.  If there is a problem of ontology for mathematical objects, the same (or similar) problem also besets fictional characters and events; and hence, ontologically, according to this view, the mathematical is on a par with the fictional.  And now, we join models to mathematical objects and there we have fictionalism for models.  
Partly because of the apparent parallel between models and fictional characters and events as imagined and invented objects and partly because of the fictionalist option for abstract entities, fictionalism on scientific models has gained a sizable following in recent years (cf. Contessa 2010; Frigg 2010; Giere 2009; Godfrey-Smith 2009; Levy 2010, 2012; Suárez 2009a, b; Toon 2010).  The question I shall investigate in the next two sections is whether there are serious problems with such an approach.  
II

Let me now point out the little noticed disparity that threatens to upset fictionalism for scientific models.  In Frigg (2010), he writes, 

This framework [i.e. one for fiction] has the resources to explain the nature of model-systems.  Typically, model-systems are presented to us by way of descriptions, and these descriptions should be understood as props in games of make-believe. These descriptions usually begin with expressions like “consider” or “assume” and thereby make it clear that they are not descriptions of fact, but an invitation to ponder—in the present idiom, imagine—a particular situation. 

We have another similar remark in Levy (2012), where we read,

There are further discursive markers that point in the direction of fiction. Like Nowak, modelers often introduce their work with locutions such as “consider…” or “imagine…” And in their more reflective moments, many tend to speak of their work as depicting “artificial systems”, “simplified scenarios” or “stylized versions” of the phenomena under study.

These quotes are fairly representative of how philosophers regard model building in science as similar to fiction making.  And there is little question that they are right about how models are introduced in science.  Leafing through scientific journals and textbooks, models are indeed typically introduced in this manner; and there is equally little question that the purpose of introducing models this way is to alert the readers that the objects or situations that they are asked to consider or imagine are only intended for studying, not yet for believing.  By such an act, a realm of assumed objects and situations is invented in which many statements will be made for the readers to hold up and consider.  Is this not analogous to works of fiction, in which realms of similar nature are invented for their readers to entertain rather than to actually believe?  
But the question is: does this parallelism actually exist?  Do writers or producers of literary fiction introduce their fictional world in like manners?  Let us see some examples of how fictional realms, populated with characters and events, are in fact introduced.  James Joyce’s Ulysses, a depiction of an entirely fictional but ordinary world, begins thus,

Stately, plump Buck Mulligan came from the stairhead, bearing a bowl of lather on which a mirror and a razor lay crossed.  

And here is how J. R. R. Tolkien’s The Fellowship of the Ring as the first part of The Lord of the Rings, a depiction of a fictional and mythical world, begins.

When Mr. Bilbo Baggins of Bag End announced that he would shortly be celebrating his eleventy-first birthday with a party of special magnificence, there was much talk and excitement in Hobbiton.

More interestingly, after Honoré de Balzac introduced Mme. Vaugque and her boardinghouse on rue Neuve-St-Geneviève between the Latin Quarter and the faubourg St-Marcel in exactly the same, matter-of-fact, manner as the above, and reflected on how his readers might regard his account of what unfolds in that house, he writes, 

Ah! sachez-le: ce drame n'est ni une fiction, ni un roman.  All is true, il est si véritable, que chacun peut en reconnaître les éléments chez soi, dans son coeur peut-être.

What about pure science fiction?  In the opening sections of Asimov’s Foundation, we read, “His name is Gaal Domick and he was just a country boy who had never seen Trantor. … He had steeled himself just a little for the Jump through hyper-space, a phenomenon one did not experience in simple interplanetary trips.  The Jump remained, and would probably remain forever, the only practical method of traveling between stars.”  
There is no difference, again, even in plays or screenplays.  Open Shakespeare’s The Tragedy of Julius Caesar, what do we find there?  A list of people’s names and brief descriptions of who they are, and then:

[Scene] Rome; the neighbourhood of Sardis; the neighbourhood of Philippi.  
[Act I. Scene I] Rome.  A street.  
Enter Flavius, Marullus, and certain Commoners.  
Flavius: Hence! home, you idle creatures, get you home.  Is this a holiday? … …

In all these and many other examples, there is no trace in the written words that anything is imagined or invented, much less than “assumed” or taken up for “consideration.”  No, they are straightforward account of facts about real people and events.  As far as the texts are concerned, there is no difference between a fictional work and a historical or biographical work.  The difference is of course what is understood beyond what is written, and we are supposed to understand (we are in trouble if we don’t) that the stories and dramas the above quoted begin are entirely fictitious, non-existent, made-up.  (And for this fact, a disclaimer is sometimes, but not often, given before the body of the work.)  But why won’t the authors tell us explicitly about this assumption within their works, as the scientists do about their models?  Why do they always tell their fictitious stories straightforwardly as if they were factual?  And another thing: for good and serious fictional works, it is almost inevitable that, all things being equal, the stories could well have been accounts of what actually exist and has happened.  And modal scope of the “could have been” should include what is barely physically possible to cover such genres as science fiction. 



III

	A fictionalist on scientific models, when confronted with the difference of how the “models” in science and in fiction are introduced, may easily respond by saying that it is simply a superficial difference, a difference of style of writing only; there isn't anything substantial enough in this to raise objections to the fictionalist original claims.  Even though writers introduce their fictional tales as if they were accounts of facts, what they introduce are in fact results of imagination that do not correspond to facts, and most consumers of fiction know or should know it.  
	Let us not be too hasty and reflect a bit further on the cause or reason why two groups of “inventors” invent what are allegedly the same sort of things, models and fictional characters/events, in such markedly different manners.  In other words, let us inquire separately why the scientists who propose a model for a type of systems, such as the ideal gas model, do not straightforwardly speak about the gas and its molecules but rather use the preamble of “assume or suppose there is a gas of such-and-such properties.”  And why do writers of literary fiction do the opposite, knowing full well what they tell is mainly shear fabrication?  (Historical facts are often included, but they usually only serve as the background of the fictional story.)  I have not done any exhaustive search on this matter, but I am confident that the writing of literary fiction follows the above convention regardless of what language or culture in which the works are found.  If that is right, it does not seem reasonable to think that such a universal feature could be the result of a mere historical accident.  Scientific literature is much less diverse worldwide than literary works, and so it might not be a surprise to find that the way in which models are introduced is uniform as well.  
	A simple and also largely correct answer to why literary fiction is always introduced as if it were about facts may well be this: the very purpose of inventing a fictional realm populated with fictional characters and events (often mixed with real but less important ones) is to get the consumers to suspend their disbelief of the account and “consume” it as if it were an account of something real.  Or on the flip side, if the creator of the account fails to get her readers/consumers to suspend their disbelief, the account is usually regarded as a failure.  Imagine what would happen if a reader of a novel feels that she is constantly reminded of the fakeness of the tale and cannot make herself pretend to believe anything written in there; wouldn’t she soon abandon the book?  Now, no matter how excellent the novel is as a literary fiction, if the author had inserted in her narrative frequent reminders, as scientists do when discussing their models, that the tale is an invention of imagination or only to be entertained but not believed, wouldn’t she have simply spoiled her work?  
The above is only a naïve and intuitive answer.  What do philosophers who investigate the nature of fiction say about this?  Concerning the nature of fiction or, more generally, of representational arts, there are different philosophical approaches.  Older views of fiction as part of philosophy of language, which treat fictional discourse as an extraordinary species of discourse, may take it as using assertions of “pretense.”  When a writer writes about her characters, she is pretending to be making assertions about them but in fact made none.  Formally, there is little difference between an assertion and a pretended one, and yet the former, if true, must be about something factual, while the latter, even if true in some sense, is about none; it is pretended to be about some facts; it is asserted as if it was about something (cf. Searle 1975, Lewis 1983).  
Kenneth Walton (Walton 1990) rejects such a “linguistic” approach, partly because he sees fictional representation as an integral part of artistic representation that includes fine and plastic arts.  According to his theory, works of fiction, as any other forms of artistic representation, are acts of make-believe towards props, both on the part of producers and on the part of consumers.  Writers of fiction and their readers engage in a game of make-believe in that both pretend that the created world is real, which comprises imagined characters and events, some of which being purely fictional and others not entirely so.  The game of make-believe is to suspend one’s belief about the fictionality of the work and pretend that it is straightforwardly about a portion of the actual world we inhabit.  Treating artistic representation that includes fiction as games of make-believe has the benefit of not having to postulate and believe in the existence of fictional characters and events.  When a painter pains a portrait of Sherlock Holmes, she and her audience do not have to believe that the portrait is a portrait of somebody or anybody at all.  The portrait and all the other artistic representations are props in games of make-believe.  
Jamie Thomasson (1999) espouses the opposite, in terms of ontology, of Walton’s theory, i.e., a realist theory of fiction.  According to Thomasson, fictional characters and events exist as created artifacts in the culture in which they are made.  Very much as the Chrysler Building and the Forbidden City are actual existents in reality, Sherlock Holmes and Harry Potter are as well; the only difference being that the former are physical things while the latter are abstract entities.  As abstract artifacts, the fictional are born and exist in the medium in which they are created.  For instance, Sherlock Holmes and Harry Potter exist in the books that tell their stories, not as physical things such as ink marks that form sentences on the books’ pages but as abstract entities embodied in the sentences.  In other words, they are entities that readers may encounter when they open the books and read.  With such real artifacts populating the fictional world, all the sentences about them within or without the fictional contexts genuinely refer and have truth-values in accordance with a straightforward semantics.  The statement “Sherlock Holmes lives in 221b Baker Street, London” is true of Holmes in the fiction, and “Sherlock Holmes is more famous than any detectives in history” may also be true; and if it is true, it is true outside the fictional world and true of the character as a real thing (it says that the abstract thing that is this detective by the name of Sherlock Holmes is more widely known and esteemed than any actual detectives, real people, in history; and this statement may very well be true.)
Much more needs to be said about these and other approaches to fiction, and yet I hope this briefly canvassed summary of the major ones is sufficient for us to observe that what they have in common regarding what constitutes the fictional is the idea that fictional characters and events are made up and yet they are made up to be real in a world of make-believe.  The authors of fictional works are suppose to fabricate things that their readers or audiences are able to suspend their disbelief and pretend, at least while enjoying the products, that they are for real.  And what other means could be better suited for helping such pretending or make-believe than by beginning the narrative as if it is straightforwardly telling a true story of what has happened to real people?
	If make-believe is an essential feature of fictionalization, and hence it is necessary to open one’s narrative for a work of make-believe as straightforward factual account, then any other enterprises that are similar to works of fiction and essentially engage in fictionalization in their practice should exhibit the same feature.  If scientific models are similar to works of fiction and modeling is essentially fictionalization, why do scientists not introduce their models straightforwardly as if they were talking about real systems?  
	The reason why scientists in making a model cannot introduce it as writers introduce their realms is subtle but profound.  It has to with how models are taken to represent their targets in reality.  The fictional also represents reality, but the way in which it represents reality is fundamentally different from how models do it; and there lies the reason we now seek.  Imagine a case where Boyle is trying to introduce his model of ideal gas, where diluted gases are regarded as comprising sizeless particles that do not interact with one another.  Is it reasonable for us to imagine Boyle introducing his model in the same way a fiction writer introduces her fictional world?  Could he open his account of ideal gas by directly talking about how sizeless molecules populates an otherwise empty space of a certain volume and move completely free?  Among the results of his account so introduced are the familiar equations for the temperature and pressure of the gas as functions of the molecules’ average movement (I do not mean the “ideal gas law,” which only contains macroscopic variables).  
The problem of imagining Boyle doing such a thing is obvious.  Introducing the model of ideal gas directly would have the same effect as introducing a fictional world in which such gases exist, and would tantamount to asking us to suspend our disbelief and pretend that such gases exist in reality.  But that cannot work because the readers are also supposed to know that there are diluted gases in the world that Boyle’s model is really about.  Boyle’s introducing his model straightforwardly as if making factual claims would, in analogy to fictionalization, have the undesirable result of forcing his readers to believe that there exist ideal gases in reality on top of the actual gases (some of which animals and plants couldn’t survive without), and yet – here is the most unreasonable demand – we are supposed to believe that the only reason for the ideal gases to exist is for them to represent the actual diluted gases.   
	The problem would not occur to writers or artists of fiction precisely because what is made up is not supposed to be about anything in reality that correspond to it.  There should be no problem (make) believing that Sherlock Holmes exist alongside with all the actual British detectives in history because he is not about any of them.  If he is supposed to be about one of them, the matter then becomes totally different.  I shall discuss the case for historical fiction separately in the next section.  
	 Therefore, modelers introduce their creations with a preamble that alerts the readers of their direct representational role as well as hypothetical nature.  The preamble does a double duty: (1) alerting the readers that what is introduced is different from the actual systems it is introduced to represent; and (2) asking the readers to suspend their disbelief of the introduced artificial system and consider it as if it were the actual thing.  By putting their account of the models in a suppositional or hypothetical mode of presentation, scientists are not in any particular sense trying to be “honest” as if novelists are constantly trying to “cheat;” no, this is obviously the best policy given the constraints that modelers in science work under, which are very different from the novelists.
Let us look at this difference between the HYPOTHETICAL and the FICTIONAL in more details.  Writers that fabricate literary stories are not intended on deceiving, but rather they are playing, so to speak, a socially accepted game of make-believe.  Their profession is to fabricate “worlds” in which consumers as players can play, in imagination or in physically realized settings, while suspending their disbelief (or suspending the belief that what they experience is no more than an account of a game).  By the same principle, simulation games that create what we now call “virtual reality” are introduced to us in the same way.  Once we are strapped up with the gears, what we experience in the virtual reality games are supposed to be no different from our experience from reality (at least that is the aim of such games).  Implicit in this is a sort of lack of responsibility on the part of the creators of such games, literary or virtual.  Precisely because what they invent are understood as fictionalization, the creators of works of fiction need not worry about the factual relationship between their works and reality.  The assumed relationship between a fictional world and the actual one is a two-dimensional relationship.  The external relationship is commonly understood (minimally at least) by the consumers as a complete detachment – there is no connection between what is said literally in the fiction and whatever actually exists or happens; while the internal relationship is commonly understood as complete faithfulness to the fabricated facts in the fictional world.  Because of this feature in works of fiction, the technique of introducing the story straightforwardly appears essential and indispensible to the genre, which explains the ubiquity (or universality) of such a technique across cultures and histories.   
	Modeling in science – the task of scientific fabrication – is quite different.  When a scientist asks her reader to consider or imagine some aspect of a natural system, such as melanoma, she invents an artificial system that is different from a real piece of skin and yet it has all the relevant properties of skin to fully show the different stages and manifestations of skin cancer (cf. Nowak 2006).  The invented system – in imagination or with a physical realization – that she asks her reader to consider or assume is what we call “her model” for melanoma, and it is usually a fabrication through either idealization or analogy; it is usually not and should not be regarded as a factual representation of human skin in any shape or form.  It is in this sense that modeling is compared with fictionalization.  But note, the properties of this model system that scientists propose for us to study and understand are supposed to closely resemble the real or actual aspects of melanoma.  This statement of course must be taken with a grain of salt because not all modeling jobs in science share this feature.  Acts of modeling in science are ubiquitous and also diverse, and it would not be wise for me to even attempt a brief enumeration of all the types.  But what I am discussing here, the model for the study of melanoma, or of cancer in general, is a type of modeling that represents a large category.  What the model is given to represent are usually systems that modelers can have direct sensory access to; here we have organs of human or animal bodies.  Selected aspects are to be singled out for investigation and, because of the complexity of the actual systems or the nonseparability of their parts, much simpler artificial systems are imagined via the method of analogy to accentuate the aspects.  Rather than figuring out how carcinogens operate in real pieces of skin, we have a mechanical model in which carcinogens can be clearly seen to produce melanoma.  
	The clear division between the internal statements (i.e. statements about what is going on inside the invented realm) and the external statements (i.e. statements about the representational relationship between the invented and the real), a division adhere to rather strictly in works of fiction, is totally untenable in most and the most common acts of modeling in science.  While the name Sherlock Holmes only refers to a person internally (no external reference), most names or kind terms in a model do the opposite.  They do not refer internally to the components inside the model that they are attached to.  For instance, in a picture of Boyle’s ideal gas, the label “molecule” attached to the dots in the picture does not refer to those dots or sizeless points that never interact with one another.  No, the word actually refers to, as a type, molecules in real diluted gases.  The same is true for most representational vehicles, such as in maps and scale models.  In fact, the representational link between a model and its target is not secured by the structure of the model, which can appear very differently from the target system’s.  The link is provided by terms attached to the parts in a model.  Hence, when the ideal gas model is introduced, it can and should not be introduced as “look at these sizeless points that move without interaction,” but “try to imagine that molecules in diluted gases are without size and interactions.”  The external connections are buried in the model with those referring terms or labels; and that is something that never happens in real fictionalization.[footnoteRef:1] [1:  There are models in science that contain names and labels that do not refer to objects in reality in any literal sense.  For instance, there is a famous model in statistics that is called “dog-flea” model.  It represents a situation in which fleas jump between two dogs in precisely stipulated ways.  It has little to do with the behavior of fleas and dogs; it is rather a possible dynamic structure that happens to be “fleshed out” by a particularly fertile imagination with fleas and dogs.  This model and models like this, which widely populate areas such as economics, may truly be called “fictional models.”  This point does not invalidate my argument because the fictionalist view on scientific models is a view about all acts of modeling.  ] 

We can now see that the relationship between a model and what it represents is very different from the one between fiction and reality.  First of all, the clean separation between the internal and the external connection in the fictional case is guaranteed by the fact that fictional characters and events are not in any direct representational relationship with any real persons or events.  Scientific models cannot achieve such a separation from facts.  Note, what I said above about works of fiction by no means imply that they are necessarily mere fantasies totally separate from real life; no, it only implies that factual correspondence with reality of characters and events is not assumed in any degree of approximation.  Although the mechanical model of human skin is very different from the skin, and yet it cannot be thought of as an invention that does not correspondent to it, as in the case of a Sherlock Holmes or a Harry Potter.  The essential details of the model melanoma must be compared with facts from experiments with real skin, whereas no such essential details of either character, or of any other fictional characters, can be made responsible for matching, however remotely approximate, any factual details of a corresponding actual object.  
Furthermore, the relevant properties, such as the specific ways in which carcinogens causes melanoma in some graphically clear way in the model should, if the model is adequate, be regarded as closely corresponding to the actual causal processes that happen in real skin; for otherwise (as a realist would strongly argue) it would be a miracle that our story from the model actually explains what happens to actual melanoma cases in life.  
Because of this tight but also complex epistemic relationship between scientific models and their target systems, it would be awkward, if not downright deceptive, if scientists introduce they model-based theory of melanoma (as sketched in our above example) straightforwardly as if they were simply talking about the actual cases in real skin.  This point also explains an important difference between character (or event) fabrication in fiction and model making in science.  When the mechanical model of melanoma is imagined, it is not intended as an imaginary “piece of skin” that is different from actual skin but has as many, albeit different, details.  It is rather a simplified system that shares with actual skin (within our theoretical framework) the relevant properties for melanoma.  Fictional characters and events, at least in good works of fiction, are very different in this respect.  They are imagined as concrete and detailed as any faithful account of real people and events.  And this is why fictional objects cannot be used to represent any real objects in the literal sense, while objects in models are supposed to literally represent actual systems in different degrees of approximation.  The double-helix DNA molecules in the Crick-Watson model are supposed to “stand-in” for the actual DNA molecules, and so are the sizeless molecules in Boyle’s ideal gas model for actual gas molecules.  But it makes no sense to regard James Bond as a stand-in for any particular actual British special agent.  As a corollary, this is also why it is perfectly legitimate to have a plastic or steel model of a piece of cancerous skin, while it has to take a real person, whether in a movie studio or on a theatre stage, to physically realize any fictional character.[footnoteRef:2]  This is one and perhaps the main reason that I regard scientific models, although very much the result of highly developed methods of fabrication, as hypothetical, while I regard fictional characters and events as properly fictional.  [2:  Cartoons and puppet shows are also used as physical realizations of fictional characters, but the difference is still obvious between model realization and character realization.  While it makes no sense to try to use a biologically “life” material to physically realize a mechanical model of melanoma, it is by no means senseless to employ a real person rather than drawings and stick figures to represent a fictional character.  Special circumstances or genres of fictional representation may favor cartoons and puppets, but while no genre of modeling melanoma favors the use of real skin, no genre of character representation of any works of fiction precludes the use of actors.  
] 

There is another reason why models are hypothetical.  Model-based scientific research should not be written off so easily towards the anti-realist direction.  Even though there is reasonable ground in thinking that models are “not real” or “not true,” there is also good reason to believe that they are close to the real in some suitable sense of “being close to.”  But what does “being reasonably close to” mean?  To take our mechanical example of melanoma as an example; we know that real skin as a whole is not as simple as our mechanical model, but it is still a scientific/empirical question whether or not the real skin is not a composite system, some of whose basic components are indeed mechanical subsystems rather similar to our model.  The current “fashion” in science, especially in physics, leans towards the anti-mechanistic, and yet nothing in our empirical tradition of scientific research conclusively rejects the idea that what is modeled, often in terms of simple mechanisms, is not actually what is or very close to being the case.  The idea that nature is fundamentally modular is not yet falsified by any scientific discoveries nor is it completely rejected by philosophy of science; and model making under a strong assumption of nature’s modularity may be neither fictionalization nor fabrication.  It is not entirely implausible that apart from the material, which the abstract models usually do not care to postulate any way, what is imagined in a highly idealized model may well be, in great approximation, true of the corresponding component of a system, whose complexity may initially make this idea incredible. 
And this leads to our third reason of why scientists and fiction writers introduce their “worlds” so differently.  Sherlock Holmes and his world are introduced straightforwardly as if they were real because they are not by default, while the mechanical model of melanoma is introduced tentatively as a hypothetical object because it is never regarded as simply “false” or unreal.  It is more reasonable to see it as the first step of an approach to a scientific representation of melanoma that may eventually be transformed into one is that is true of the phenomenon.  The case of Boyle’s ideal gas model later being enriched (and replaced) by van de Waal’s “real” gas model and then even later by the quantum mechanical version of that model, etc., is a good case in support of such a view.  One cannot imagine such an improvement scheme being applied to works of fiction, can one?  We can see that the different styles with which the narratives are introduced tell us profoundly about the fundamental differences of two seemingly analogous enterprises.  
Therefore, we should say that models are hypothetical objects that typically appear in science.  It is not a good idea to look for further illustration or understanding of their nature, such as in the realm of fiction. 


IV

	Historical fiction is a literary genre that is generally perceived as lying between fiction and history.  The characters and events in a historical novel are supposed to be real people and actual events in history (at least the major ones are such), while most of the details pertaining to the characters and events, such as what the characters say and how the events unfold, are made up to serve ends that such details in pure fiction do.  
	Shall we say that scientific models are rather similar to characters and events in historical fiction?  Couldn’t we regard our mechanical model of melanoma a fabricated “story” about something real, namely, actual cancerous lesions in real skin?  The minimal sense in which modeling may be said to be similar to historical fictionalization is perhaps this: the account is not true and is not aimed at literal truth while the entities so accounted for do actually exist.  Here both scientific modeling and historical fiction appear to fit into what Levy (2010) called de re modeling (i.e. for x, rather than fabricating a new object from x and say things true of it, we say things about x that are not literally true of it).  But apart from this minimal point, the two enterprises have little in common; they have especially little or nothing in common in their respective functions.  To use the terminology we have established in the previous sections, the difference of function is simply this: models are hypothetical while characters and events in historical fiction are first and foremost fictional.  A Lincoln or a Mao Zedong in works of historical fiction is no more than a fictional character; the fact the name refers to an actual person in history has no factual significance.  What is said in a historical novel about Lincoln is neither intended nor objectively about Lincoln, the actual person; and so the reference of “Lincoln,” even if held, does not do the work it does in normal semantics.  And what is said about this character, therefore, does not tell us anything factually significant about Lincoln.  This is emphatically not the case with scientific models.  None of this can be said with justification to, say, the mechanical model of melanoma or Boyle’s ideal gas.  The details of the models, though they are equally non-factual, are nevertheless important to our factual understanding of real cases of melanoma or real gases; and they have to be tested through the normal procedures of hypothesis-testing.  
	Whether a fictional account of Lincoln does matter to our understanding of the real Lincoln will depend on what the account is intended for.  It is quite possible that the fictional account is intended for “pure entertainment,” in the sense that it gets readers to imagine a possible, and perhaps less tragic, alternative life of Lincoln.  The parallel in science of such fabrications may result in what we regard as “bad models,” ones that by default cannot withstand empirical tests.  But the entertaining fictional Lincoln is not necessarily bad fiction; at least it cannot be so simply because what is said of Lincoln there does not match historical facts in any senses of matching.  However, a fictional account of Lincoln may well be intended for something much more significant or profound; it may be aimed at discovering some intrinsic or law-like characteristics in Lincoln’s personality that the actual life of Lincoln, because of all the accidental factors in history, failed to display.  The result of such an account would be a better understanding of Lincoln, the person, or even more ambitiously, Lincoln as an exemplar of a type of persons.  If this were the aim, then I would think that there is little difference between this case of fictionalization and the typical cases of scientific modeling; but I doubt that this is often the aim of historical fiction.  In fact, to aim at such a historical fiction of Lincoln seriously, wouldn’t the writer have to be well equipped with scientific findings in, say, psychology and social sciences, where scientific models abound?  
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