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Abstract

In model-based sciences, like biology, models @layoutstanding explanatory role. In
recent times, some authors have shown how the matiaunderstanding could shed
light on the analysis of explanation based on nsdghis notion has attracted growing
attention in philosophy of science. Three importqmé¢stions have been central in the
debate: (1) What is scientific understanding?; i€2Jnderstanding factive, i.e., does
understanding presuppose or imply truth?; and &8) understanding be objective? |
will outline and assess the main answers to thesstmpns and | will support my

personal contribution to question number 2 and 3.

I ntroduction

From Droysen and Dilthey until today, it has beemnmmon practice in the
philosophy of social sciences to consider the matiof ‘understanding™(erstehehand
‘explanation’ Erklaren) as alternative and even opposite scientific nelagical
approaches. The historicist and hermeneutic schuats that natural sciences look for

causal explanation of phenomena, whereas human andial sciences
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(Geisteswissenschafieshould instead look for the understanding of mheaning of
human actions and social phenomena in general. relageling was viewed in this
context as a form of grasping and interpreting teaningful content of some human
actions or mental processes, including the meathiag social actors attribute to their
actions. The proposed model for this grasping Wwascomprehensive reading of a text.
It is possible to understand the meaning, the amthe motivation of a human action in
the same sense we can understand the meaning emarthof a previously unknown
written document. This research method is suppgsestitricted to social sciences
because there is no meaning, aim, or motivatiobetonterpreted inside the realm of
natural phenomena. The behavior of physical estdmes not seem to be meaningful at
all and certainly there is no point in trying to keaempathetic sense of it (Bransen
2001).

Nevertheless, this contrast makes use of a veryowasense of the term
‘understanding’. Not only human products or attésidactions, intentions, inferences,
ideas, works of arts, discourses, etc.) can berstai®l, but also objective situations,
functions, working mechanisms, relationships, &nd all of these later items are
located among the objects of study of physical lntbgical sciences (Salmon 1998).
We can achieve a comprehensive insight into thenmngabf an action, but also into the
homeostatic mechanisms that keep the temperatungammals constant; or into the
DNA self-replication process and the grounds osémi-conservative character. Thus,
despite what has usually defended the hermenewdition, it is also possible to
achieve an understanding of natural phenomena,tlag@ is no reason to restrict
scientific understanding to social sciences. Indéee broad acceptance of this fact has
contributed to a renewed interest in this topicumrent philosophy of science. There
have been in the last few years a number of illatmg attempts to clarify the notion of
understanding such as is used in the context afralasciences. It would not be
excessive to say that the discussion concerningdlee of understanding in natural
sciences, and particularly the assessment of issespic virtues, is one of the hot topics
in the field.

Now then, in the philosophy of (natural) scienaederstanding has been usually
seen as an aim or a consequence of a (good) $icieeplanation, and not a

methodological alternative to causal explanatiétislip Kitcher expressed clearly this
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position when he wrote three decades ago: “a thebgxplanation should show how
scientific explanation advances our understandifigitcher 1981, p. 508). In general,
the explicit aim of the majority of the propose@dhies about scientific explanation has

been to satisfy this requirement.

But there has been an additional important changde focus of the present
discussion about scientific explanation. It hasnbesmarked repeatedly that, in many
fields, scientists develop explanatory tasks by maeaf models, instead of laws,
theories, or elaborated arguments. In biologicaraes this is a well known fact. Such
sciences are model-based with various models fretyueised with an explanatory
function. And in this regard, a surprising variefyaccounts has been proposed to cover
all the possible modalities this function can offeénen it is carried out by a model:
structural explanation, simulacrum explanation, na@dstic explanation, equilibrium
explanation, causal model explanation, contrastesgplanation, explanation by
exemplification, explanation by de-idealization, pnation by concretization,
explanation by relaxation, and so on. All of theshcourse, have been illustrated with

suitable examples.

The polysemy of the term ‘model is one of the maibstacles to a
comprehensive approach. In biology, for examplepdst can designate as diverse
things as concrete organisms (e.g. Drosophila rogkster); material objects
representing other entities in a simplified formg(emolecular models made out of
plastic and metal); paradigmatic solutions to arpieical problem (e.g. lac operon
model); theoretical and idealized interpretations tbe structure and working
mechanisms of some biological entities or procegses the lipid bilayer model of cell
membrane, the key-lock model for the enzymaticoactiMcArthur and Wilson’s
equilibrium model for island biogeography, Mitchell model of oxidative
phosphorylation); sets of equations describing saspect of the behavior of a complex
biological system (e.g. Lotka-Volterra model ofargpecific competence, Michaelis-

Menten kinematic model to determine the velocitythed enzymatic action, or Levins’

! ¢f. McMullin 1978, Cartwright 1983, chap. 8, Sohk983, Wimsatt 1987, Machamer, Darden and
Craver 2000, Elgin and Sober 2002, Plutynski 2@&chtel and Abrahamsen 2005, Odenbaugh 2005,
Marchionni 2006, Craver 2006, Darden 2008, HindBRE8 and 2013, Weisberg 2007a, Bokulich 2011,
Kennedy 2012.



metapoblational model); simulating computer proggaa.g. Thomas Ray's model
Tierra in Artificial Life); etc. Moreover, not evgrmodel is devised to explain a
phenomenon. Sometimes, as in the case of a scalelmts function is merely to
illustrate or exemplify features of another entity. addition to explanation and
exemplification, models perform many other functiom science (e. g. they can be used
as auxiliary elements in experimentation, manipotator teaching; as a source of
surrogative reasoning; as heuristics for gettingv rigypotheses or for guiding the
analysis of alternative possible scenarios; asstdol prediction; as devices for
calculating or for making some ideas more precese;proofs of the possibility of
existence, etc.). Demetris Portides (2008, p. 3& pointed out that most of these
meanings of the term ‘model’ are linked to the gle&representation and idealization.
But even this lowest common denominator can beraptished diversely by models
(cf. Morrison 1999, and Weisberg 2007h).

Interestingly enough, some authors (e.g., Knuutiitel Merz 2009, Leonelli
2009) have evidenced that the close link betwegrlaaation and understanding is
particularly visible and revealing in the explangtase of models. Given the linguistic
character of most scientific explanations, it coeleén be defended that understanding
phenomena is a primary and more direct aim of teeehbuilding than explaining.
From this point of view understanding, far from r@pia by-product of scientific
explanation, in many circumstances it is only beeathe model lets us explore and
understand the details of a particular phenomehana scientific explanation of it can
be devised. The mere understanding of the phenam#émough the model might be
considered in some occasions as such an explana®nwith some models in
population genetics. It could be said that theseletsoexplain because they provide a
genuine understanding of the phenomena. Understgndight be seen then as the
primitive target and explanation would be derivatiBut whatever the case may be, it is
quite clear that the enhancement of understandirgghbasic aim to be pursued when a
model is used for explanatory purposes. Whethatoorit is feasible in some specific
occasions to understand a phenomenon without haatngxplanation of it, ovice
versa(for a discussion, see Lipton 2009, Gijsbers 2@&tBvens 2013), understanding
is in itself a valuable epistemic goal of empirisaiences and models are a powerful

device to meet it.



In order to develop the topic of scientific undarsting by means of explanatory
models, three relevant questions immediately amskcall for an answer. First of all, it
IS necessary to have a precise notion of what tstaleding’ means in this context.
Secondly, while scientific models admittedly contamany false assumptions, it has
been held that understanding is “factive”, i.ettihg@resupposes or implies the truth of
the involved beliefs. It is necessary, then, toriiglato what extent and in what
circumstances the “factivity” of understanding sldoube maintained. Thirdly,
understanding has been accused of been devoid yofepistemic value due to its
irremediably subjective character. Therefore, if aecept that the understanding of
phenomena is a central aim of the use of scientibdels, we are obliged to respond to
this objection. In what follows | will expose andsass the main answers these
questions have received over the last years, anllldefend a personal approach to the
second and third question. The next section enurwigome attempts to define the
concept of ‘understanding’. | will opt for Catheitilgin’s definition because it gathers
in a simple form some important aspects of scientihderstanding. In the following
section | will defend that understanding is nottifax as far as the use of models is
concerned, since, indeed, false models are goodetefor understanding phenomena.
To this effect, | will distinguish four types ofl&® models according to the role that
falsehoods play in their explanatory function. e ffinal section, | will suggest some
criteria to decide whether a model provides or a@enuine (not merely subjective)
understanding of phenomena. For this purpose,litb@iconvenient to separate what |
call ‘contrastive models’ from the other kind of deds that for want of a better word |

call ‘representative models’.

What does under standing (a natural phenomenon) mean?

It is not a simple task to provide a unifying claesization of scientific
understanding. As with models, understanding camashumber of disparate sorts. For
example, a distinction has been made between ptmpad understanding
(‘'understanding that’ or ‘understanding why' somethis the case) and objectual
understanding (understanding a phenomenon, antsgesstuation, a subject matter, a

theory, a mechanism, an event, an action, a stdtets, etc.) (Kvanvig 2003, pp. 190-



191). This last sort of understanding has awakenegecial interest in contemporary

philosophy of science and will also be my focaldiere.

The difficulty of finding a satisfactory characteation of this complex and
varied notion is widely acknowledged. Some evenkitinis is a task doomed to failure.
It has been claimed in an influential work on ttopic that “it seems to be impossible to
give a single universally valid definition of thetron of scientific understanding” (de
Regt, Leonelli and Eigner 2009, p. 2). Nevertheléss difficulty has not impeded
many definitions to be proposed in recent yearchisiel Friedman (1974, p. 15) holds
that “science increases our understanding of thédway reducing the total number of
independent phenomena that we have to acceptiastdtor given”. For Schurz and
Lambert (1994), understanding a phenomenon imgdesving how the phenomenon
fits into one’s background knowledge. For de Rewgt Bieks (2005) understanding is to
have an intelligible theory of the phenomenon, thaa theory T about which scientists
in a given context can recognize qualitatively eleggristic consequences of T without
performing exact calculations. Kuorikuoski (201hjnks that understanding is the
ability to make correct counterfactual inferencaedite basis of received knowledge and
to perform effective actions with them. Streven81) contends that a person has a
scientific understanding of a phenomenon if andyoifil she grasps a scientific
explanation of that phenomenon. Gijsbers (2013)sicems that we understand a
domain D of phenomena if we know which connectierist among such phenomena.
Khalifa and Gadomski (2013) prefer to say that usi@mding a phenomenon lies in
knowing the phenomenon and knowing an explanatfoih achieved through reliable
explanatory evaluation. Wilkenfeld (2013) definésas the capacity for carrying out
useful representational manipulation. This listbéracterizations is only a sample, but
it clearly shows that an agreement about the defmiof ‘understanding’ is far from
being reached. Some think that it is a kind of kiealge; others think it's a skill; others
that it's a mere subjective experience; others @aciéy for something (making new

inferences, mental manipulation, constructing medeffective action); etc.

| do not aspire to put my own definition on the maystead of increasing the
collection of plausible definitions, | think it isetter to select among the many already

proposed one good enough for our aims. | judge eZiawh Z. Elgin’s definition (Elgin



2009, p. 327) elegant, comprehensive, and clagfyand therefore | will assume it

here. This is her proposal:

[Ulnderstanding is a grasp of a comprehensive @gértsydy of information that is
grounded in fact, is duly responsive to evidenas] anables non-trivial inference,

argument, and perhaps action regarding that suthijed¢hformation pertains to.

Besides its simplicity and accuracy, one of themmialities of this definition
lies in its usefulness to see how scientific modetsused in explanatory functions and
how this use allows us to understand some phenanferaally, it includes both the
theoretical and the practical aspect of scientifinderstanding. On one hand,
understanding is described as a mental grasp a@fation that enables us to infer new
interesting consequences about phenomena. Onhbeland, this mental achievement
makes possible to act on the phenomena —includemgtahmanipulation. According to
this characterization, understanding is manifesteal double capacity: the capacity for
further reasoning on the phenomena under scrutity the capacity for successful
manipulation of the same. And, supposedly, botleetspare closely entangled in the

practical strategy of model-based sciences (Goddraith 2006).

Under standing (via) false models

As for the second question —whether or not undedstg presupposes the truth
of the beliefs held about the understood phenomelmathan Kvanvig (2003, chap 8),
among others, has defended an affirmative answar.hiin, to say that a person
understandp requires thatp be true. As | said above, he distinguishes between
propositional understanding and objectual undedstan The first lies in understanding
that something is the case, or in other words hideustanding a proposition describing
something. The second lies in understanding ancblfge phenomenon, a situation, a
language, etc.). According to Kvanvig, in order uaderstand a proposition, the
proposition must be true; and similarly in orderuoderstand an object, the beliefs

about this object must be (mostly) true as well.



However, this claim does not fit well with the fremnt use of false models in
science. In spite of its current use in philosoghlterature, many persons still have
misgivings about the expression ‘false models’. Bledlo not seem to be true or false
in a strict sense. In the first place, usually tlaeg not linguistic entities, and in their
formal and rigorous usage ‘true’ or ‘false’ are ailetguistic predicates applicable only
to linguistic entities. Secondly, models themseldesnot state anything about reality
unless they are supplemented by what Ronald GigB99) named ‘theoretical
hypotheses’. These hypotheses declare that thesystdm is similar to the model in
some respects and to some degree. They would beotrtalse, but not the model as
such. And thirdly, in general, models present aolotdealizations (and abstractions)
that neglect or distort important aspects of thal morld, and make of any model
system something unavoidably fictional. Thus, tgpdthetical system described by a
scientific model usually is unreal and idealizethefle are no ideal gases, perfect
pendulums, completely isolate populations of predatand preys, or infinite
populations of random-mating individuals. They andy useful imaginary hypothetical
entities; i.e., fictional constructs created foe gole purposes of research. For sure, we
can generate some “fictional truths” with them, amdhis sense some propositions are
true or false inside the model (e.g. in the Comamimodel of the universe, the
statement ‘planetary orbits are circular’ is trug)it these fictional truths are not literal
truths about the real world, because they do ret te any actual trait, but to a fictional
one (cf. Godfrey-Smith 2009, Frigg 2010, Conte3H32. In as much as the model as a
whole is just an idealized fictional representatadrihis sort, it is neither true nor false

with regard to a real target system.

Nevertheless, models can be judged true or falsebiroader and indirect sense.
Similarly to the maps, they can be also interpretes] accurate or inaccurate
representations of real-world features. A map ipaatial, perspectival, simplified,
conventional, historically contingent and indefait perfectible representation of a
territory and of some its geographical items (rays, restaurants, monuments, etc.). A
model is also a representation of something eistands for a real target. Once we take
into account the current reading conventions aedltfierent aims and interests that the
map-maker could have pursued, a good map must stmwe interesting and
contextually useful structural similarities with ethterritory represented, and must

preserve the significant relations between its spat elements. These preserved

8



relationships make possible that the surrogati@saring carried out through the map
(such as ‘If 'm in Toledo, | have to take this dot arrive to Madrid’) lead to correct
consequences concerning the actual traits of th@oty. If this condition is not
fulfilled in a satisfactory degree, it is not preperous to say that the map is misleading,
inaccurate, incorrect, or —at least in extreme sasemply false. A map of Spain in
which Madrid is located between Malaga and Toledahe Guadalquivir River flows
into the Bay of Biscay, would be not only an inaata map, it would be a false map
tout court Otherwise, if the condition of preserving the ngigant structural
relationship is met, the map could be estimatedoaghly accurate or approximately
true (see Kitcher 2001, chap. 5, and, for a diffeiginion, Sismondo and Chrisman
2001). In the same way, bearing in mind the purgosavhich a model has been put
forward by scientists, it is to be expected thathsa model provide faithful descriptions
of some interesting and relevant properties otdinget system in that context. Hence, a
very unrealistic, incomplete or counterfactual mpde model that does not share
enough relevant properties with its target systemthat fails to refer to its real
properties could be considered false (for a disonssnd some important clarifications,
see Chakravartty 2010 and Méaki 2011). In fact, ttuehe mentioned idealizations
constitutive of many models, some authors think thase models cannot be but false.
Highly idealized scientific models are false in g@nse that they do not —and cannot—

offer an accurate representation of the real tasgstem.

This view is in need of further qualification thdydor it is well known that at
every turn scientists derive from these high idesali models and from other kind of
false models a lot of useful and substantial trolesequences about the characteristics
and behavior of their targets. The interesting p@n then, that false models can be
used under certain conditions to get a revealisgyht into the working mechanisms or
into the causes of actual phenomena. As it waslsate, false models are frequently
used as tools for providing scientific understagdvhen this happens, they constitute
what Elgin (2012) has called “felicitous falsehcbd&n adequate understanding of
these false models can yield an adequate undenstgofl the target systems. Some
authors, like Hindriks (2008), Morrison (2009a) afdennedy (2012), are more radical
and they have argued —convincingly, in my opinitimat it is precisely in virtue of the
model’s inaccuracies or falsities —and not desftieam— that it explains or provides

understanding.



| think a helpful step in order to see how thedsefaoods can be felicitous ones
and so facilitate a scientific understanding ofndraena is to distinguish several types
of false explanatory models. Because, actually,atsodan be false in several different
ways and this is not irrelevant to their use. linathere a classification which does not
pretend to be exhaustive, but that could be used gsidelin€. | will distinguish
between (1) adjustable models, (2) template mo@&Jsion-referential models, and (4)

contrastive models. Let us dwell a bit upon théedénces:

(1) Adjustable modelsThey are false models susceptible of improvement
through a progressive process of de-idealizationonrcretization, leading to describe
the phenomena in specific situations with greateueacy and realism. The ideal gas
law (PV = nRT) is a good example. It comprises an idealizatissuening that
molecules are perfect elastic particles with nelglieg volume and that there is no
attraction or other interaction between them. la tlormal range of temperature and
pressure this law remains valid, but not in sce&sawith very high temperature and
pressure. However, the van der Waals’ equatiorodinites two corrections; one to
reflect the volume of molecules and another to fake account the attraction between
them. This law is then a refinement of the previons. It contemplates more particular

features of the real gases and is valid also fgin pressures:

(P + n*aN?)(V — nh= nRT

Volterra model for a population of predators aneygr could be cited as another
exemplary case. It states that the dynamic ofactesns between the two species in this
type of population can be suitably described by $imople equations. D is the density
of predator population anfd is the density of prey population, then the grovéte of

prey would be

dP/dt=rP — aPD

“The three first items in this typology can be seemewnhat like a simplification of Wimsatt's (1987)

classification of false models.
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and the growth rate of predator would be

dD/dt=haPD — mD

wherer is the instant growth ragger capitain the prey populatiorg is a measure of the

rate of capture for each predatbris a measure of the efficiency in the transfororati

of the energy obtained from the captured preysienproduction of new predators, and
m is the specific mortality or migration rate of gators. Anyway, this elegant model
makes a number of idealized assumptions. It sugpthed the only restriction to the
prey growth is the existence of predators, so thaabsence of predators the prey
population would grow indefinitely. It is easy tmreect this false assumption by
introducing a new factor in the equations. letbe the carrying capacity of an
environment, that is, the maximum population sizg@mrys that the environment can

sustain, then the equation for the prey populagi@wth rate would be

dP/dt=rP(1 —P/K) —aPD

That new factor replaces an exponential growtlaforore realistic logistic growth. And
this replacement leads to important changes indtimamical behavior of the system,;
namely, the constant oscillations of the populai®ize produced in the first system
are gradually cushioned until reaching a steady sta simply they do not appear any
more. And a similar correction is feasible in orttetake into account the mere fact that
any predator has a limit in its capture rate (efdRguez 1999, pp. 274-287).

(2) Template modeisThey are models describing a non-existent ideaaton
from which actual systems deviate to some degredalthe influence of several causal
factors to be empirically determined in each cétdy-Weinberg’'s model fits in this
sort of models. It is in fact a case of “neutraldall, in Wimsatt's sense (Wimsatt
1987). Neutral models in evolutionary biology aredels without natural selection.
They try to describe a situation in which natuegdkstion plays no significant role. But
Wimsatt extends the idea to any “baseline moddlniekes assumptions that are often
assumed to be false for the explicit purpose ofuawteng the efficacy of variables that
are not included in the model” (Wimsatt 1987, p). 2%nd he adds: “the use of these

models as «templates» can focus attention spdbifioa where the models deviate
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from reality, leading to estimations of the magdés of the unincluded variables, or to
the hypothesis of more detailed mechanism of hod @mder what conditions these
variables act and are important” (p. 28). The Hanginberg model establishes that the
gene frequencies of a panmictic and infinite poporhanot subject to natural selection,
mutation, or migration, remain constant acrosgg@reerations. Let us suppose that there
are two possible alleles for a certain locus in gleaetic pool of this population; the
allele A, with an initial frequencyp, and the allele, with a frequency. If so, the
frequencies in the equilibrium state of the genet®, Aa, andaa will be %, 2pq, and

of respectively. Virtually, no real population mettsse criteria, but precisely what the
model aims to bring out is the fact that any deerafrom the equilibrium-frequencies
founded in the real measured gene frequencies loeuskplained by the intervention of
one or several of the excluded factors (naturacsieln, mutation, migration, genetic
drift due to the small size of the real populatinat-random mate, etc.). In that case, it
would be pointless to de-idealize the model, ferfiinction is not to understand the
working of a real system in simplified situatiomutho fix the point beyond which some
evolutionary force must have been acting. As S¢b@84, p. 23) explained some years
ago, this model describes a “zero-force state”.tA@oillustrative example of this kind
of models would be R. A. Fisher’s sex ratio modeher's model explains why under
a variety of conditions the stable (adaptive) pripa of males and females in
biological populations is 1:1. If the actual sexiaddan a population departs from this
proportion, there must be some cause of this digp@ar be found. The populations of
certain species of invertebrate parasites, foamts#t, usually contain a higher number of
females than of males. These populations live atated habitats, where the mixture
with other populations is very unusual, and theiviidials have to reproduce very
quickly. Then, the mate competition is merely lgcalg. only against the rival
individuals staying in a host. Under these circaneses, the action of natural selection
favors a female-biased sex ratio. The same thipgdras with a polyginous species, the
Scottish red dee€Cervu smegalocerysn which the more dominant females are better
fed and their offspring grow up to become stronfjan the average. These dominant
females tend to have more sons than daughtersefRI1&196, pp. 307-312).

(3) Non-denotative model3hey are irremediable false models, since theehod
postulates entities, properties or mechanisms fidhtcompletely to refer. There is

nothing in the real target system able to be deseghas the element denoted by the
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main elements of the model. For this reason, urthieetwo previous kinds of models,
they cannot be considered even approximately Boeetimes, but not always, such
models are used only to save the phenomena, l&ketbhlemy’s epicycles. Other times,
like in the case of caloric or the electromagnetiter, these models are the ones that
simply fail to denote the real features of phenomdrhis kind of models, inasmuch as
they are not identical to other false models, heenbcomparatively unattended. Three
notable and interesting exceptions are Morrisor092), Elgin (2010a), and Toon
(2010). Morrison analyses in detail Maxwell’'s etheodel as an illustrative example of
how a fictional mechanism can provide informatiord aield useful predictions. She
contends that there are a number of ways these Isnadght accomplish this task,
hence a careful analysis is required in each dagi explains that these models are
not fictive, like the ideal gas model, but defeetiWnlike fictive models —which do not
try to denote any real object—, these non-refesméntiodels purport to denote an actual
target system, but in fact this system does nadtewi the real world. In the case of
fictive models there are real target systems thares with the model some of the
properties exemplified by it. This does not happéth the non-denotative false models.
They cannot share any property with the targetesydiecause this target does not exist
at all. For his part, Toon states that not alwdnesé models try to represent an actual
object; sometimes the intended target system ifiogipa non-existent object, e.g. a
model of a bridge not yet built, or a ball-anddsticnodel of unreal atomic

configurations.

(4) Contrastive modeisWith some exceptions in this last case, theseethr
previous types of false models are built to fit stwow with their target, or, in other
words, they are models built to represent (somedspf) a real-world target system.
But there is another type of false models not enpamsed by the mentioned types. They
are models explicitly formulated to represent imagy target systems. There would be
no actual system that could be considered to beesepted (even approximately) by
them. But although the represented system is a lebdetyp fictional one, it is proposed
however in order to understand some real phenonfeometimes these models can
even be in conflict with the accepted scientifiwsa And, unlike other models based on
ideal non-existent model systems (ideal gas, pepgecdulum, infinite populations), in
this case, it is the dissimilitude or the contiastween the model system and the real-

world phenomena that has the burden of the exmanétnction and casts light on the
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workings of these phenomena. As Weisberg statespfar as we can understand why
do not exist [the phenomena described by the modead] will have gained a better
understanding of phenomena that do exist” (WeisR&@ja, p. 223). For that reason,
these models can be designedamtrastive modelgDiéguez 2013). A good example
would be —in my opinion— Laurence D. Hurst's (1996)del to explain why usually
there are only two sexes in nature. Hurst offeregaghematical model for a population
of isogamous protists in which there are threeingalpes. The model shows, among
other things, that unless the costs of finding @enaae high, this population and other
populations of organisms with gametic fusion shawldlve towards two mating-types
or sexes, and therefore, that organisms with ganfiesion and more than two sexes
should be rare in nature. More recently, but altrg same lines, Tamas Czéaran and
Rolf Hoekstra (2004) constructed a model showirgf,thinder usual conditions, “a
population consisting in two mating types can displa pan-sexual population which is
otherwise similar to the mating types in all othespects” (p. 7). A species or
population is pan-sexual if every sex cell of thgamisms which make it up can
potentially fuse with any other sex cell. In a danway, a model developed by Michael
Bonsall (2006) indicates that, unless that numerans complex physiological
innovations were introduced, diploid zygotes haighér fitness optima than triploid
zygotes (i.e., zygotes produced by the fusion oéehtypes of gametes). In these three
examples, the propounded models deal with threenare mating-types. With the
exception of fungi and a few rare organisirthjs is an unreal situation, so that the
models do not aim to match any actual system. Hewdhey show that these unreal
modeled systems are instable or have lower fittiems a two mating-type system. In
this sense, they provide some understanding coimcgtime widespread existence of this
kind of reproductive modality. From the point okw of their explanatory use, these
models diverge from others in an important issudtatvcan be named as their
representational intentionare not the same. An ideal gas is an idealizabineal
entities: ordinary gases. As a model, the idealtiges to map onto any real gas in a real
context. On the contrary, three-sex species arédeatization about anything real, but
fictions not accessible by means of simplification abstraction carried out on real

systems.

*The ciliated protozoaifetrahymena thermophilis one of these rare organisms. It has seven gatin

types. Some eusocial insects, like ants of the gBngonomyrmexhave a three-sex reproductive system.
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We are now ready to bring into focus the questiboua the factivity of
scientific understanding. First of all, we musttitiguish between understanding a
phenomenon by means of a model and understandmgnibdel itself. When we
consider the case of understandimgnodel itself, understanding seems clearly not
factive. We can obviously understand false modelg, Ptolemy’s model of planetary
motions can be understood by any dedicated stuafetiie history of astronomy. In a
similar way, we can understand false propositidite ‘Spain is an island’, or
propositions that are not literally true, but orityue in fiction”, like ‘the books of
chivalry drove Don Quixote crazy’ or ‘all the voxten electromagnetic ether spin in the
same direction’. Furthermore, we can understand whadeal pendulum is, or what an
ideal gas is, although there is no ideal pendulachre ideal gas in the real world. This
is a trivial fact usually admitted by those whoetet the factivity (or quasi-factivity) of
understanding. What they rather emphasize is tivags are not the same when we turn
our attention to the understanding of an objectiteation or a phenomenon. In that
case, it seems that the phenomenon to be undersaoodt be a spurious phenomenon.
Following Kvanvig’'s suggestion, it would not be $édz@le to understand that is the
case ifp is not the case indeed. It would be senselesaytthait ‘John understands why
sugar never dissolves in water’ or that ‘Mary ustiemds how the rain dance produces
rainfall’. It also seems that you cannot understinedcause of something if your beliefs
about this cause are outright false. You will faiunderstand why your car broke down
if you erroneously believe that the cause is adeafethe carburetor whereas the real
cause is a problem with the spark plug cables. At is more interesting here, some
of these authors hold that the understanding odlsefmodel does not involve the
understanding of the modeled phenomena. “One mugkierstand —writes Kvanvig
(2009, p. 342)- the model or theory itself, as whaea understands phlogiston theory.
One does not thereby understand combustion, hoivever

Now then, it is a very strong position to demandtifaty to any form of
scientific understanding?ace Kvanvig’'s statement, sometimes we can understaad t
behavior of a real target system —like a gas— @agimary systems —like a three-sex
species of animals— by means of models containingarge number of false

suppositions. And in this use of models, falsites neither peripheral nor dispensable.
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Let us see in a more detailed way how the diffefalse models we have distinguished

realize this function.

Adjustable models are idealized and abstract reptasons of a target system.
However, these idealizations and abstractionsxp&i@ed, are not impediments to the
correct understanding of the behavior of phenomeather they are tools to achieve it.
Adjustable models allow us, for example, to forebesv the target system would
change if some initial conditions were differenhey give some relevant answers to the
frequent demands of counterfactual information alboe behavior of the target system
in a variety of circumstances. On the other hasdlgin (2004 and 2010a) states, these
models exemplify some of the most significant praps of the target system and make
easier for us the analysis of the relations andraations of these properties. As she
writes (Elgin 2004, pp. 126-127),

No real gas has the properties of the ideal gae.mibdel is illuminating though, because we
understand the properties of real gases in terntiBedf deviation from the ideal. In such cases,
understanding involves a pattern of schema andction. We represent the phenomena with a
schematic model, and introduce corrections as megaleloser accord with the facts. Different
corrections are needed to accord with the behafiatifferent gases. The fictional ideal then
serves as a sort of least common denominator dcditdtes reasoning about and comparison of

actual gases. We ‘solve for’ the simple case fitstn introduce complications as needed.

Thus, adjustable models lead to a better undersignof real phenomena
insomuch as the processes of de-idealization amitrebzation yield to better
predictions and analyses. These processes, byasgrdre not so relevant in the case of
template models, even though they provide undetstgnn an analogous way. They
are used as a resource to detect the reasons oefature of real systems from an
ideal situation. Insofar as these reasons areddjout, we reach a better understanding
of the target-system’s working circumstances, al$ ageof the factors that modify and
shape it. With regard to contrastive models, th@ykwin another way, but not very
dissimilar. Unlike the adjustable models —and imesense, also the template models—,
where it is the similitude with the real targettgys what is interesting, in the case of
contrastive models, it is the dissimilitude whats the burden of the explanatory

function and casts light on the workings of thegétrsystem. They answer to the
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contrastive question ‘whyp rather tharmg?’, and therefore they let us understand —for

example— why there are only two sexes rather thamefn

Non-denotative models display more difficulties. &ther or not these non-
denotative models are able to yield some sort afetstanding is a complex and
debatable matter. On the one hand, it could beeartjuat they do not constitute a basis
for a genuine understanding at all. They would ibgl/ cases of misunderstanding. It
is true that the Ptolemaic astronomy was usefuhtorigation and to predict eclipses,
but in fact epicycles are not even remotely coregeetith the actual mechanisms that
cause planetary motions. Therefore, they cannat g a genuine understanding of
these motions. And the same would be applicablinéophlogiston chemistry and to
Maxwell’'s ether model. Wimsatt (1987, p. 30) sedmsdopt this position when he
writes: “Will any false model provide a road to ttrath? Here the answer is just as
obviously an emphatic «no!». Some models are smayror their incorrectness so
difficult to analyze, that we are better off loogielsewhere”. But, on the other hand, it
could also be argued that this kind of models ceovide a defective but valuable
understanding of the phenomena. At any rate, theybatter than simple ignorance.
From an instrumentalist or a constructivist poiftveew, these models have made
possible a certain degree of control over the phmama or have contributed to set up
some interesting possible world, so, although tteynot be seen as approximately true
representations of reality, they were useful devige our practical and cognitive
handling of the world. Apparently, knowledge andderstanding do not follow the
same epistemic rules. A false knowledge is no kedgg at all, because knowledge
must be true by definition. Understanding, in castr does not seem to be a so

dichotomous issue. A false understanding (a miswstaieding) can be somewhat a kind

* Paul Humphrey sees here a limit for the explayatse of this kind of models. They could provide
understanding, but not explanation. He writes: éhahen, is perhaps where one part of the boundary
between explanation and understanding lies. Althoilgcan enhance our scientific understanding to
explore models that violate the laws of our unigemich models cannot be used in explanations.lA we
known example involves the conditions under whifdhdan emerge in the universe. The ‘how possibly?’
questions investigated in the neighbourhood ofrapil principles add to our understanding of hd li
might have emerged if the laws had been diffedeutt,answers to them cannot explain life as it ainse
our universe” (Humphrey 2006, pp. 42-43). The thesamples | mentioned show, however, that

Humphreys’ scruples are exaggerated and that thedels can have sometimes an explanatory function.

17



of incipient or imperfect understanding, and carjuaiged in a later period as the first

incorrect step in a way leading to the current geunderstanding of phenomena.

Then, a balanced judgment on the role of non-déimetanodels would demand
an extensive historical analysis. Of course, wenoamo it here, but we can remind
some well-known few things that will help to conigxlize the issue. Ptolemaic
planetary models meant a real progress in the stadeting of the structure of the
universe respect to Eudoxus and Calippus modelsaatiad Aristotelian spheres model.
Assuming that one of the main functional charastes of a scientific model is
carrying out surrogative reasoning about its ta¢§etoyer 1991, Suarez 2004, Contessa
2007), we must acknowledge that Ptolemy’s modéfsl fteasonably well this function
when they were put forward. It is probably trueth@aligh some historians dissent— that
they were proposed as mere mathematical modelaltalate the position of planets,
not as physical models trying to represent the wgrknechanisms of the cosmos. At
least, they were commonly interpreted in this wayiry the Middle Ages. But
Ptolemy’s models were able to generate some coesegs concerning the changes in
the brightness of the planets, their apparent geditie motions, the variation in their

velocity on the background of the ecliptic, theealx= of stellar parallax, and so on.

However, from the contemporary perspective, wetlsiseset of models as flatly
false representations of reality —not as approxentaiths (but see Niiniluoto 1999, p,
192)-, and we tend to consider them unable to geoany genuine understanding of
planetary motions. They cannot give an answer tetrabthe questions that might be
raised from the present knowledge perspective abth#se motions. Their
representation of them differs completely from ouwWe could not accept this
representation without refusing almost all of oaiestific knowledge about the Solar
System and about physics. Thus, few persons waolabaply be prepared to accept that
Ptolemaic models supply some form of understandifgthe functioning of the

universe.

For its part, likewise epicycles, or phlogiston,aaloric, Maxwell’s ether is a
fictional entity (although some scientists, likeetiBritish physicist Oliver Lodge,
believed at some point in its real existence, as thia case with epicycles, phlogiston,

or caloric as well). But we are probably less maticto admit it played a fundamental
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role in the understanding of physical phenomenae Tmechanical model of the
electromagnetic ether had an extremely valuablectioim in the articulation of
Maxwell’s electromagnetic theory. So, from our ewmtr perspective, it is reasonable to
think that its contribution to the development aaance of this theory justified its use,
independently of its failure to denote a real-wa@ydtem. It facilitated the calculations,
guided ulterior researches, had a heuristic vadunel was a very useful device for
surrogative reasoning and in deriving some mathiealaelationships. It led Maxwell,
for instance, to the conclusion that the light mibstitself a kind of electromagnetic
wave, since transversal waves were transmittether et the speed of light (cf. Harman
1982, chap. 4, although see Chalmers 1986 for &argrpoint of view). But Maxwell
attributed to it basically an illustrative and diaty function, without intending to
reflect anything real, and finally his theory —tfield equations—dispenses with the

model.

What makes so different the way we contemplateeRtalc epicycles models
and Maxwell's ether model in reference to theirerod our understanding of natural
phenomena? | think that a good indication to elatgdhis question can be found in this

reflection by Margaret Morrison (2005, p. 170):

Given that many models cannot be evaluated on thigility to provide realistic
representations, we need to focus less on thenclisih between “heuristic” and
“realistic’ models, and instead, emphasize the wawhich models function in the

development of laws and theories.

A clean-cut difference between Ptolemy’s epicycledel and Maxwell’'s ether
model is precisely that the later was a useful cevn the development of laws and
theories nowadays accepted, but not the formeroraagly, it could be stated that we
understand real phenomena by means of non-deretaindels only if these models
were useful in the development of laws or hypoteed®t could be justified by

currently accepted scientific theories.

The (desirable) objective character of scientific understanding
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The question concerning the objectivity of underdiag was controversial from
the very beginning of the discussion. Hempel (1988)ously held that understanding
is a merely psychological or pragmatic matter; diamoto be attributed only to
subjective states of individuals, and consequeatlyelative and non-generalizable
concept. Unlike explanation, an account of undeditay necessarily involves a subject.
The feeling of understanding, however strong it nb@y does not imply a genuine
understanding. This thesis has been held by Jr&utT2002) as well. Trout argues that
a “sense or feeling of understanding” is by no nseamreliable indicator of the truth of a
scientific explanation and it is neither necessanysufficient for good explanation. The
more significant evidence adduced by Trout in suppbhis claim are the experiments
carried out by cognitive psychologists showing t@mmon human biases due to

overconfidence and hindsight mistakes.

An early reply to Hempel's position was formulategg Michael Friedman
(1974, p. 8’

[A]lthough the notion of understanding, like knoddge and belief but unlike truth, just
is a psychological notion, | don't see why it caipé a perfectly objective one. | don't
see why there can’'t be an objective or rationakseof ‘scientific understanding’, a
sense on which what is scientifically comprehemsibl constant for a relatively large

class of people.

More recently, Elgin (2010b) makes a similar point:

Even though human subjects understand, it is netoab that their accomplishment
should be characterized as subjective. To seemhimight note that understanding is
closely related to knowledge. Although knowledgeoimes belief, no one is inclined to
say that knowledge is merely psychological, nostgmiological. No one holds that
whether s knows thatp is subjective. Why should understanding be difi€?e

Knowledge is related to justification, which tygigarelies on tacit background beliefs.
But although people may think they know becausg tmsider their justification and

background beliefs adequate, they can be wrong) éuwbey satisfy the standards of
their own epistemic community. If knowledge is natyed to the standards of a

particular, historically situated epistemic comntyniwhy should understanding be?

® For an insightful reply to Trout’s paper, see dmR2004).
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Why shouldn’t we say that our predecessors thotligiyt understood the motions of the
planets, just as they thought they knew that thithegas motionless, but in both cases

they were wrong?

| have dealt with this problem elsewhere (Diégu@t3), and | will sum up my

position here.

For a start, | think it is important to draw a lihetween contrastive models and
representational models, since they constitutedifferent strategies to reach scientific
understanding. Contrastive models, as we have seerfalse models that allow us to
understand a real system by showing why some gihsatelated to this system are
impossible or very improbable in normal circumsesicRepresentational models are
models explicitly designed to represent after atkeal target system. The other three
types of false models we have presented —adjustatdiels, template models, and non-

denotative models— belong to this last class.

This distinction makes it easier to find criterar fgenuine understanding. In
fact, this distinction is necessary because, iw\oétheir diversity of aims, the criteria
cannot be the same for both types of models. Thateria could be interpreted as
tentative indications to decide when a scientifiodel is able to provide genuine
understanding, and not a merely subjective feetihginderstanding, to an informed
individual. For the case of contrastive models, duld now suggest a very simple

quality criterion of genuine understanding:

A contrastive model gives us a genuine understgnafinhe behavior of the real
system if the contrast between the consequencesbkr from the model and
the real target system can reveal how an integstiaracteristic of the behavior
of the real system might depend on the presenceabsence of certain
circumstances which are respectively absent orepteis the model, or if the
model shows how its unrealistic assumptions arethgtically unstable and for
this reason the opposite conditions prevailing witthe real system tend to

arise.
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Thus, if the entities of the model, or its propestiare unrealistic, but the casual
mechanisms postulated by the model are analogotie$e of a real system, it would
be possible to learn about the limits and poteatigal of these causal mechanisms and,
therefore, about their operations in the real syst€he function of this first kind of
model is certainly closer to instruments for exyigrthe world than to faithful

representations of reality.

As for representational models, things are moreptexbecause they are much
more used in science and they offer a greater sliyeHowever, it is possible to pick
out some criteria which might be used as indicatofsa spurious sense of
understanding. Since representational models make gealistic assumptions about
the target system, | think these criteria must deused on the methodological and
epistemic resources that could strengthen thebibfjaof these assumptions. Using
Weisberg’'s (2007a) terminology, they can be intetgnt as minimal “representational

fidelity criteria”.

A representational model provides a genuine unaedstg of the target system

(1) the analogies between the model and its taeget not weak or
scientifically unfounded;

(2) it does not formulate oversimplifying abstracs which exclude relevant
functional factors, i.e., factors which are neceblsaonstitutive of the behavior of the
target system;

(3) it does not make extremely unrealistic and eselidealizations, that is,
idealizations which are so far removed from thd ceaditions of the modeled system
that they do not help to see how the behavior isf $istem varies under the action of
usual causal factors or under certain manipulations

4) it does not postulate a pseudoscientific omjpjoi.e., it does not
postulate entities or processes incompatible vighcurrent state of science;

(5) the postulated mechanisms offer analogies thighmechanisms that are
working in the real system;

(6) its predictions about collateral phenomena akofail systematically.
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| think these criteria highlight typical deficieesi which go against the
possibility of a faithful representation and ingeahe arbitrariness of the model. The
more these criteria are unfulfilled, the less aatrly the model represents the target
system. It is reasonable to think that these defies make it more probable that the
surrogate inferences carried out with the modeltacemisleading or uninformative.
Detecting some of these deficiencies is, then,@geason to conclude that an initial
sense of understanding caused by the model doescaroéspond to a genuine
understanding of the target system. But if thedecidacies are not detected and the
criteria are met, we can be confident that theeensinderstanding in such a case is not

merely a subjective feeling.

Conclusions

False models are excellent devices to get a seentiderstanding of natural
phenomena. Taking into account the different wagy tcan pursue this goal, it can be
distinguished between adjustable models, templatgeis, non-denotative models and
contrastive models. All of them involve falsehooddich are necessary to the
explanation of the behavior of the target systewh tanthe understanding of the nature
of real-world phenomena. Therefore, understandingike knowledge, is not factive. It
does not presuppose that the majority of the Imlieivolved in the state of
understanding must be true. Finally, understandingt irremediably subjective. Some
reasonable contextual criteria can be chosen ierdadtentatively assess when a feeling

of understanding corresponds to a genuine undelisin
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