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Palabras clave RESUMEN: En este trabajo voy a defender que el condicional intuicionista es tan buen modelo del condicional in-

dicativo como cualquier otro condicional que se ha propuesto en la literatura. Para esto voy a presentar tres argumen-
Condicionales tos: (1) voy a argumentar que el Modus Ponens es una regla necesaria para comprender el condicional indicativo, (2)
Condicionales epistémicos voy a defender que la rcgla de Introduccién del condicional es la mejor rcgla de introduccién que pucdc darse paraun
Condicionales Intuicionistas  condicional, y (3) voy a mostrar que estas dos reglas no caracterizan solamente al condicional material sino que hay
una cantidad infinita de condicionales que las validan. Y atin ms, el condicional intuicionista en particular validard
una serie de desiderata deseadas en la literatura sobre condicionales indicativos ademds de tener probabilidades que
validan una versién de la Tesis de Stalnaker y una semantica que enriquece el condicional indicativo con una dimen-
sién epistémica.

Condicionales Indicativos

Keywords ABSTRACT: In this work, I will defend that the intuitionistic conditional is at least as good as a model of the in-

dicative conditional as any other proposal in the literature. To do so I will present three main arguments: (1) I will ar-
Conditionals gue that Modus Ponens is a necessary rule to understand indicative conditionals, (2) I will defend that the Introduc-
Epistemic conditionals tion rule is the best rule to model a conditional, and (3) I will show that these two rules don’t characterize necessarily

Intuitionistic conditionals  the material conditional, rather there are infinitely many conditionals that satisfy them. Even more, the intuitionis-
tic conditional in particular will validate several desiderata posed by the literature on conditionals, as well as having
probabilities that match a version of Stalnaker’s Thesis and a semantics that will add an epistemic flavor to the indica-
tive conditional.

Indicative conditionals

1. Introduccion

En este trabajo voy a defender que el condicional intuicionista es un buen modelo del condicional indicativo. En
particular, voy a argumentar que dada una postura inferencialista del significado (es decir, entender que el signi-
ficado estd determinado por el uso), tenemos buenas razones para defender que el par de reglas de Introduccién y
Eliminacién del condicional representan el condicional indicativo (es decir, el condicional que utilizamos en el len-
guaje natural). Dado un lenguaje proposicional o de primer orden y un cdlculo de deduccién natural, donde las le-
tras griegas representan meta-variables y — representa un condicional indicativo, estas son las reglas usuales de In-
troduccién y Eliminacién:
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[4]
B mi- A28 45
A—B B

La regla de Introduccién nos dice que si suponemos el antecedente, A, (eso representan los corchetes, que A es una
suposicién) y llegamos mediante la utilizacién de las reglas permitidas por el cdlculo a B, entonces podemos inferir
A — B. El [1] a la derecha de la raya de consecuencia légica (la raya horizontal) nos indica que el supuesto 1, el su-
puesto de que A es el caso, cierra con la Introduccién del condicional. La regla de Eliminacién es la famosa regla de
Modus Ponens, nos dice que si tenemos un condicional, A — B, y tenemos el antecedente, A, podemos inferir el
consecuente, B. Usualmente, suele decirse de forma apresurada que estas reglas representan el condicional material.
El condicional material es el condicional de la légica cldsica que se puede representar mediante las siguientes tablas
de verdad y que graficaré con el simbolo o:

Table 1
Condicional Material
A o) B
1 1 1
1 0 0
0 1 1
0 1 0

Sin embargo, no es secreto que para que estas reglas representen el condicional material es necesario que las reglas
que caracterizan a la negacién sean las reglas de la negacién clésica, y que la definicién de prueba absorba las propie-
dades estructurales (es decir, reflexividad, monotonia y transitividad). Dicho de otro modo, el par de reglas I-— y
E-— caracteriza una clase de condicionales, entre los que se encuentran el condicional material pero también el in-
tuicionista y el minimal'.

Los condicionales indicativos son aquellos condicionales de la forma «Si se da A, entonces se da B» —con énfasis en
que quien emite el condicional asume o cree o sabe que el antecedente es posible. Este énfasis se marca para contrapo-
ner esta clase de condicionales con los condicionales contraficticos, es decir, aquellos condicionales de la forma «Si hu-
biese pasado A, habria pasado B»— que asumen que el antecedente del condicional es falso. A lo largo de la literatura
sobre condicionales indicativos se han elaborado muchisimas propuestas para modelar este término?. Todas ellas ilumi-
nan algin aspecto del condicional, pero ninguna termina de presentar una propuesta completamente satisfactoria. Evi-
dencia de ello es que al dia de hoy nuevas teorifas siguen proliferando. Algunos ejemplos de teorias recientes son las de
Egré et al. (2024), Douven (2023) o Iacona (2023), entre otras. La mayor parte de las teorias en la literatura se concen-
tran en explorar las condiciones de verdad de los condicionales. Quizds con las excepciones de (a) el inferencialismo de
Douven (una postura psicologista de los condicionales, que debe diferenciarse del inferencialismo del que voy a hablar

Este argumento puede reconstruirse de forma andloga si tomamos un cdlculo de secuentes, si se toman las reglas usuales para el condicional
y se restringe la cantidad de conclusiones que puede tener el secuente. En este caso se debe argumentar que las reglas del condicional mate-
rial y las del intuicionista son las mismas reglas, pero que lo que cambia es el contexto de deduccidn que esta determinado parcialmente por
las estructura del secuente.

2 Ver (Edgington, 2020) para un resumen bastante exhaustivo de las teorfas existentes.
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a continuacién) o (b) las semdnticas dindmicas al estilo de Gillies (2004) o Yalcin (2007) (que presentan otra forma de
entender la consecuencia légica, en términos de preservacién de cuerpos de informacién). En este trabajo me voy a con-
centrar en el conjunto de reglas como método de caracterizar el significado de una conectiva, es decir, voy a sostener
una tesis inferencialista del significado. Y voy a defender que el mejor conjunto de reglas para modelar el significado del
condicional indicativo estd dado por el par I-— y E-—. Pero no en tanto reglas que caracterizan el condicional material
sino en tanto reglas que caracterizan el condicional intuicionista. Mi intencién es dar nuevos argumentos en favor del
condicional intuicionista. Normalmente los argumentos en favor de este condicional vienen desde la literatura légica.
Es decir, desde la idea de que los condicionales que se utilizan en matemdticas son o deberian ser intuicionistas. El ma-
yor exponente de estos argumentos es Dummett (1991). El objetivo de este texto es mostrar que hay buenos argumen-
tos cldsicos de la literatura sobre condicionales indicativos que también apoyan este condicional. Puesto que tiene una
interpretacién epistémica, tal y como muchas autoras sostienen respecto de los condicionales indicativos (Edgington,
1995; Egré et al., 2021; Gillies, 2004), y que las reglas que lo caracterizan nos permiten derivar un conjunto de inferen-
cias que la literatura suele desear que los condicionales indicativos satisfagan. A su vez, como veremos, también tiene la
propiedad de poder hacer coincidir la probabilidad del condicional con su probabilidad condicional, una de las deside-
ratas mdas comunes en la literatura, conocida a veces como la Tesis de Stalnaker.

La estructura del trabajo es la siguiente: en la seccién 2 voy a presentar la propuesta inferencialista. Luego, procederé
a argumentar primero en favor de la regla de Modus Ponens como una regla necesaria para la comprensién y la co-
rrecta caracterizacion de cualquier condicional. Luego, voy a argumentar en favor de la regla de Introduccién como
un buen modelo del Test de Ramsey. Finalmente, voy a dar razones en favor del condicional intuicionista, primero
respondiendo posibles criticas y luego, mostrando cémo funcionan las probabilidades intuicionistas para finalmente
hablar de los modelos de Kripke que le agregan una dimensién epistémica.

2. Semdntica Inferencialista

En esta seccidn voy a explicar qué son las semdnticas inferencialistas dado que a lo largo de este texto voy a asumir
una postura inferencialista para defender la tesis propuesta. La literatura sobre condicionales indicativos es muy va-
riada. Hay mucho escrito desde la légica, la filosofia del lenguaje, la epistemologia formal y también desde la psico-
logia. En los textos de légica sobre condicionales indicativos suele trabajarse desde posturas referencialistas, es decir,
desde posturas que entienden que el significado de un término estd dado por aquello que denota, que en el caso de
las conectivas 16gicas son sus condiciones de verdad. A lo largo de toda esta literatura es muy dificil encontrar con-
senso entre autoras, por fuera de la importancia que tienen los condicionales indicativos en nuestras précticas infe-
renciales. En este contexto, propongo que nos centremos en otro tipo de semdnticas, semdnticas en las que el signifi-
cado de los términos va de la mano de su rol inferencial. Esto no debe leerse necesariamente como un argumento en
favor de la tesis inferencialista, sino mds bien como una propuesta metodoldgica. Dado que las semdnticas referen-
cialistas no parecieran ponerse de acuerdo en cudl es el significado del condicional, quizds explorar la pregunta por
su significado desde otro tipo de semdntica ayude a esclarecer el problema.

La tesis inferencialista se opone a las semdnticas referencialistas en tanto que entiende que las palabras adquieren su
significado en funcién de los contextos en los que ocurren. Mds especificamente, la tesis semdntica que defiende el
inferencialismo nos dice que:

Definicion 1. Tesis Semdntica Inferencialista: el significado de las palabras esta dado por sus condiciones de uso.

Esta tesis puede ser una tesis general sobre todo el lenguaje, como bien se sugiere en Brandom (1994; 2009), que es
quien acuna el término «inferencialismo», o bien puede ser una tesis sobre algunos términos especificos. Puede li-
mitarse al vocabulario 16gico, al mejor estilo de los textos de Belnap (1962), Dummett (1991) o Prawitz (2006), en
cuyo caso serd una tesis sobre inferencialismo en légica.
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Definicion 2. Tesis Seméntica Inferencialista en Logica: el significado de las constantes légicas esta determinado por

sus reglas de inferencia.

Antes de continuar, voy argumentar que quizds haya una versién intermedia entre el inferencialismo en l6gica y el
inferencialismo generalizado en el que entendamos que el significado de ciertos términos funcionales estd dado por
sus reglas. Es decir, el inferencialismo en este contexto no serfa una tesis exclusiva de las conectivas 16gicas, sino de
ciertos términos cuyo significado estd dado por la funcién que ellos cumplen en la oracién.’ Para poner un ejemplo,
el término «mesa» tiene un referente iconico, una tabla con cuatro patas que suele estar rodeada de sillas que todas

podemos imaginar cuando pensamos en una mesa. Palabras como «y», «no», «si, entonces», «a», «con», «pues»,*

no
tienen un significado que refiera a una realidad extralingiiistica. Se suele decir que lo que caracteriza a estas palabras
es que su significado es funcional. Es decir, significan en tanto que cumplen una funcién en las oraciones en las que
participan. Las semdnticas referencialistas explican esta funcién a partir de la contribucién que hacen estas expresio-
nes a las condiciones de verdad de los enunciados. Lo que voy a proponer ahora es que pensemos la semdntica de al-

gunos términos funcionales a partir de su rol inferencial. Esto es:

Definicion 3. Tesis Semdntica Inferencialista Funcional: el significado de las expresiones funcionales estd determi-

nado por sus reglas de inferencia.

Esto lo planteo aqui porque hay dos discusiones transversales al inferencialismo relacionadas con qué conectivas son
légicas y cudles no, y en particular, una discusién sobre si los condicionales indicativos son conectivas 16gicas. No
voy a indagar en estos problemas por cuestiones de espacio. Sin embargo, me voy a limitar a proponer que, sean 16-
gicos o no, se da lo siguiente:

Definicion 4. Tesis Semdntica Inferencialista sobre los Condicionales Indicativos: el significado de los condicion-

ales indicativos, como expresiones funcionales que son, estd determinado por sus reglas de inferencia.

Las razones para adoptar una tesis inferencialista del significado vienen desde lugares diferentes. Sin embargo, creo
que basta para motivar esta propuesta la mera idea de que es una tesis semdntica con muchisimo desarrollo en la lite-
ratura, pero que sin embargo no ha sido explorada en lo que refiere a condicionales indicativos.

Aqui es importante remarcar dos cosas: en la literatura sobre condicionales hay cierto consenso naive respecto de qué
inferencias una querrfa que valide el condicional. En general se espera que valide Modus Ponens (4 — B, A F B, donde
I representa la nocién de consecuencia légica), Import-Export (4 — (B — C) = (A&B) — C, donde = representa la
nocién de equivalencia légica) y que sea estrictamente mds fuerte que el condicional material (4 — BF A D C). Es
decir, que haya valuaciones que hagan falso al condicional indicativo cuando el condicional material es verdadero.
Las motivaciones para que valide Modus Ponens (MP, de aqui en adelante) las veremos mds adelante, pero basta con
decir que hay muchisimos estudios empiricos que demuestran que una de las pocas reglas de inferencia que la gente
suele seguir correctamente es MP —ver (Oberauer & Wilhelm, 2003) para mds informacién. Import-Export es la
equivalencia que suele permitirnos traducir condicionales anidados en oraciones mds sencillas, y es una equivalencia
sumamente discutida en la literatura —ver (Egré et al., 2023). En tanto que la idea de ser estrictamente mds fuerte
que el condicional material surge de mirar su tabla de verdad. La idea principal es que muchisimos condicionales in-
dicativos son falsos a pesar de tener antecedente falso.

sto es un punto de partida importante, dado que tal consenso zaive no existe entre las teorfas referencialistas, en las
Est to de partid tante, dado que tal te entre las t f list 1
que ni siquiera hay acuerdo respecto de si los condicionales tienen condiciones de verdad —ver (Edgington, 1995)

3 Paraunabuena explicacidn de qué es un término funcional ver (Fries, 1952; Hallebeek, 1986)

4 Y quizas, de forma mds controvertida podrfamos incluir a palabras como «verdad» en este conjunto.
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para mds informacién. En ese sentido, creo que proponer una semdntica inferencialista mueve la falta de consenso a
un nivel metodoldgico. La idea es que, dado que no hay acuerdo sobre las condiciones de verdad, pensemos el signi-
ficado en términos de inferencias vdlidas, sobre las que tenemos al menos alguna base coman.

En términos generales, la propuesta inferencialista entabla una relacién entre el significado y las reglas de inferen-
cia. Esta relacién puede ser de constitucién o una relacién mds epistémica de entendimiento, en la que las reglas
expresan un significado que estd afuera. Siguiendo a Buacar (2015) podemos distinguir dos caras de la tesis infe-
rencialista:

Definicién 5. Tesis Semdntica: el significado de las expresiones se agota en sus reglas. Esto es, las reglas de inferencia

definen el significado de las expresiones logicas.

Definicién 6. Tesis Epistémica: conocer el significado de una expresion se agota en saber realizar las inferencias corre-

spondientes.

Dependiendo del tipo de inferencialismo que se defienda distintos conjuntos de reglas serdn aptos para determinar el
significado de una conectiva. Podemos distinguir tres tipos generales de inferencialismo: el atomismo, el molecula-
rismo y el holismo. El atomismo va a defender que hay un par de reglas de Introduccién y Eliminacién que determi-
nan el significado de cada conectiva, y solo ese par de reglas basta para determinar su significado. Esta es la postura
mids estindar dentro del inferencialismo en ldgica, entre sus defensores podemos citar a (Dicher, 2020; Read, 2010;
Steinberger, 2011), por nombrar algunos. Por ejemplo, ya conocemos las reglas del condicional minimal, intuicio-
nista y material, es decir aquellas que presentamos en la Introduccién. Para estos autores, este par de reglas basta
para determinar el significado del condicional. En tanto que el molecularismo va a defender que el significado de
una conectiva estd dado, no solo por el par de reglas que determinan cémo usar esa conectiva, sino por el conjunto
mids grande de reglas que determinan el total del lenguaje. Asi el significado del condicional, como defendia Dum-
mett en (1991), va a estar expresado por las reglas de Introduccién y Eliminacién del condicional, pero también por
las reglas de la negacién, de la conjuncién y de la disyuncién. También podemos pensar que no son solo las reglas
de las conectivas las que determinan el significado de los términos, sino que como veremos que defiende Belnap en
(1962) las reglas estructurales también influyen. En este sentido, como bien sefiala unx referi anénimo, una puede
defender un tipo de atomismo o molecularismo en el que el significado de las conectivas dependa solo del par de re-
glas que presenta la conectiva o también dependa de las reglas estructurales validas en el sistema.

Por ultimo, el holismo defiende que el significado de una expresién estd dado por todas las inferencias vélidas que
la involucran. Esta postura es mds usual en las tesis inferencialistas generales como las famosas posturas de Brandom
(1994) y Sellars (1953), pero no tanto en el dmbito de la légica. Puesto que para conocer el significado de una co-
nectiva légica, una deberia conocer todas las inferencias vélidas, asi como todas sus instancias, cosa que es imposible
para cualquier ser humano.

En la seccién que aqui continda, me voy a detener en un desafio que se le presenté a esta posicién filoséfica, dado
que nos va a ayudar a entender qué es lo que queremos defender.

2.1. ToNK

En su famoso articulo «The Runabout Inference Ticket», Prior (1960) elabora una objecién muy famosa. Nos pre-

senta una conectiva llamada tonk, @, cuyas reglas son las siguientes:

4 e A®B

— ®
ADB B

https://doi.org/10.1387/theoria.26370 111



Mariela Rubin

Como se puede ver, esta conectiva inmediatamente trivializa cualquier sistema (que pueda probar al menos un teo-
rema y que sea transitivo):

A4 e
A®BE_o
B

Ahora, ;cudl es el problema de estas reglas? Gran parte de la literatura alrededor de tonk sigue a Stevenson (2018)° y
argumenta que el problema de estas reglas es que no pueden caracterizarse en funcién de la contribucién de tonk a las
condiciones de verdad de los enunciados (dado que esta conectiva no puede caracterizarse con tablas de verdad deter-
ministas). El significado para Stevenson estd dado por las condiciones de verdad de una conectiva, que nos permiten
recortar un conjunto correcto de reglas. Y que en el mejor de los casos nos ayudard a entender su significado. Otra res-
puesta, muy distinta, la propone Belnap (1962). En este texto nos dice que hay un significado anterior sobre el que se
montan las reglas, pero que ese significado no son las condiciones de verdad de las conectivas, sino las propiedades es-
tructurales de la nocién de consecuencia légica —que en el caso de la légica cldsica y la intuicionista son la reflexivi-
dad, la monotonia, la contraccién, la conmutatividad y la transitividad. Las reglas estructurales son reglas que no nos
hablan sobre un lenguaje especifico sino sobre cémo funciona la consecuencia misma. La idea de Belnap es que un par
de reglas en si mismo no hace al significado, sino que cobra significado cuando se lo introduce en el contexto de una
légica que ya tiene una nocién de consecuencia especifica. Las propiedades de la nocién de deduccién son el contexto
sobre el que se agregan las conectivas y este contexto impone un criterio de admisién: las reglas deben ser conserva-
tivas respecto del contexto de deducibilidad. Donde conservativo quiere decir que, si tenemos un lenguaje £ y lo ex-
pandimos con una conectiva nueva, no podamos probar cosas sobre el lenguaje viejo que no podiamos probar antes.
Para ver esto en relacién con cosas que ya conocemos, la negacién cldsica presentada con las reglas de deduccién natu-
ral® no es conservativa respecto del fragmento condicional, dado que al agregar las reglas de la negacién podemos pro-
bar la Ley de Peirce, - ((A D B) D A) D A, una férmula que no contiene negaciones, solo condicionales.”

El problema de tonk entonces, va a decirnos Belnap, es que no es conservativa. Supongamos que partimos de un
lenguaje vacio, en el que las tnicas reglas que tiene la légica son reglas estructurales, digamos reflexividad, monoto-
nia y transitividad. En aquella légica, agregar tonk nos permite probar A - B, para cualesquiera dos férmulas y esta
es una regla estructural nueva. Otra forma de verlo es que si tenemos légica cldsica y le agregamos tonk, podemos
probar A = B para cualesquiera par de férmulas. En particular, podemos probar que cualquier férmula B se sigue de
cualquier férmula 4, incluso para las férmulas que no contienen tonk. Es decir, tonk no es conservativa sobre el len-
guaje, pero tampoco es conservativa respecto de la nocién de consecuencia.

> Originalmente publicado en 1960.
6

[4]
i A Ay
—[]1-= L
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N
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En una presentacién en secuentes, dada una inferencia con multiples premisas y multiples conclusiones, es posible formular reglas indepen-
dientes para cada una de las conectivas. En estos célculos la posicién de Belnap se vuelve ain més relevante: no basta el par de reglas aislada,
en la medida que liberamos o restringimos nuestros secuentes (que vienen a representar la nocién de consecuencia) el significado de las

conectivas también va a variar. Volveré a esto en breve.
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A las conectivas con la propiedad de ser conservativas muchas fildsofas también las llaman arménicas, siguiendo la ter-
minologfa de (Dummett, 1991). La propiedad de armonia, sin embargo, es un poco mds difusa que la conservatividad.
Dummett llama arménico a un par de reglas en la medida que las reglas de Eliminacién estén balanceadas respecto de
las reglas de Introduccién. Esta idea puede determinarse de distintas maneras. Puede ser en términos de conservatividad
y unicidad como hace Belnap®. También en términos de normalizacién, como propone Prawitz en (20006). O en térmi-
nos de eliminacién de corte, como propone Dicher en (2016), o mismo que satisfagan el proceso de eliminacién gene-
ral que define Read en (2010). El concepto de armonia es central en la discusion sobre inferencialismo, dado que es la
vara para decidir qué conjuntos de reglas son aptas a la hora de determinar el significado de una conectiva.

Si volvemos al objetivo de este trabajo —defender el condicional intuicionista como modelo del condicional indi-
cativo— es posible argumentar en favor del condicional intuicionista en tanto que sus reglas son arménicas (enten-
diendo armonia bajo cualquiera de estas acepciones). Sin embargo, esta es una propiedad especifica de las conecti-
vas légicas, y en este trabajo estoy dejando abierta la posibilidad de que los condicionales indicativos puedan no ser
conectivas légicas (como menciono cuando introduzco la Definicién 3). Por esta razén y por cuestiones de espacio,
elijo no desarrollar esta linea argumental.

En relacién a tonk, Prior explica en un segundo texto sobre tonk publicado en (1964) que esto no es un problema
especifico del inferencialismo sino de la légica en general. Prior nos dice que es importante tener en mente la distin-
cién entre un lenguaje formal significativo y un mero juego simbdlico. En un juego simbdlico no hay ningun signifi-
cado que capturar y por lo tanto las reglas pueden agotar el significado. En ese sentido, ni dar tablas de verdad ni un
contexto de deduccién van a dotar de significado a aquellas expresiones, puesto que no hay nada detrds de ellas més
que el mero juego formal propuesto. En el mejor de los casos, se presentardn propiedades de un signo formador de
aquella conectiva que estemos caracterizando por tablas o reglas. En tanto que si hablamos de un lenguaje significa-
tivo el problema es atin peor, puesto que ni las reglas ni las tablas van a determinar el significado, todo lo contrario,
lo van a presuponer. Dice Prior al respecto hablando de la conjuncién:

Cada uno de ellos nos dice algo que podria significar al decir que «y», por ejemplo, 0 «&», es
un signo formador de conjuncién. Pero ninguno de ellos nos dice lo que significa «y» o «&» en
st. (Prior, 1964, pp. 191-192).°

Y al respecto explica Buacar en su tesis doctoral:

Las definiciones inferenciales definen efectivamente una clase de expresiones en tanto signo for-
mador de conjunciones, pero «y» es algo diferente a un signo formador de conjuncion, ese algo
ms al parecer no puede ser dado en términos de reglas o condiciones de verdad (Buacar, 2015,

pp- 193)

Tonk entonces no tiene un problema dentro de un juego simbdlico, excepto quizds que aquel juego es poco intere-
sante. El problema con tonk es que la clase de simbolos formadores de tonk es vacia. Es decir, no refiere a nada. El
punto de Prior en este texto es que solo lo que ya tiene significado puede describirse en términos formales, ya sea
mediante tablas o mediante reglas. En el mejor de los casos, dice Prior, aquellas tablas o aquellas reglas pueden ayu-
darnos a comprender su significado. Es decir, las reglas van a tener un rol epistémico. De esta forma, las reglas o las
tablas para A 0 & van a determinar una clase que nos ayudard a delimitar ciertos bordes del significado, pero no nos

Unicidad es una propiedad que puede entenderse de varias formas, pero de manera muy breve puede decirse que una conectiva, *, estd
Unicamente determinada si y solo si, si una agrega una conectiva nueva, + que tiene las mismas reglas que *, entonces ambas son interde-
rivables. Es decir, A * B A + B.

«Each of these tells us something that could be meant by saying that “and”, for instance, or “&”, is a conjunction-forming sign. But neither
of them tells us what is meant by “and” or by “&” itself.»
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van a decir qué significan. Para Prior, tonk es una nota negativa: no hay reglas ni tablas que definan el significado,
puesto que lo presuponen. Sin embargo, voy a seguir a Buacar en su forma de entender este problema:

...considero que la dicotomia que plantea Prior no es tal, de lo que se trata es de explorar una ter-
cera opciodn, intermedia, sobre el lenguaje simbdlico. Desde esta nueva perspectiva, si bien las ex-
presiones ldgicas se formulan en un sistema formal, ellas pretenden capturar el sentido de las expre-

siones logicas del lenguaje natural (o al menos un fragmento de éste). (Buacar, 2015, pp. 194)

Lo que vamos a estar buscando en este trabajo, entonces, es el conjunto de reglas que capturen el significado del
condicional indicativo que utilizamos en el lenguaje natural. En particular, en las secciones siguientes voy a defender
que quien no infiere de acuerdo a la regla de Eliminacién no comprende cémo utilizar los condicionales. También
defenderé que la regla de Introduccién es la mejor y la mds sencilla a la hora de determinar el comportamiento hipo-
tético que caracteriza a esta conectiva. Pero como ya hemos visto, no basta con defender el par de reglas para defen-
der el condicional intuicionista. Por eso, a continuacién voy a defender que la 16gica intuicionista captura al menos
dos dimensiones epistémicas importantes para los condicionales indicativos.

Para resumir lo que se expuso hasta aqui, vamos a entender que las reglas permiten delimitar el significado de nues-
tro condicional, que es un término cuyo significado conocemos en un sentido vago y a través de nuestras practicas
lingiiisticas cotidianas. En tanto que las reglas que defendamos van a estar capturando aquel significado que, en el
espiritu de (Williamson, 2020), estd inmerso en una préctica cadtica sobre la que tenemos que normar para poder
distinguir los buenos usos de los usos errados.

En lo que sigue voy a defender que tanto la regla de Eliminacién como la regla de Introduccién son buenas (si no las
mejores) candidatas para modelar el comportamiento del condicional indicativo. Luego, argumentaré en favor del
condicional intuicionista en general. Comienzo por la regla de Eliminacién ya que es quizds la regla mds famosa que
dio la 16gica, el Modus Ponens.

3. Una defensa del Modus Ponens

En su tesis doctoral, Birman (2015), que sigue el problema presentado por Kripke en (2023), nos presenta a un per-
sonaje curioso. Harry es una persona que nunca hizo una inferencia siguiendo MP y no conoce sus principios en ab-
soluto.!® La pregunta que se hace Birman es ;qué pasa si tratamos de ensenarle a Harry a usar MP? Es decir, inten-
tamos que adopte la regla. En este contexto adoptar una regla de inferencia, nos dicen Kripke y también Birman,
significa inferir de acuerdo a MP tras aceptar su validez.!!

Supongamos que le explicamos a Harry lo siguiente: «los enunciados condicionales junto con el antecedente del
condicional siempre implican el consecuente» y supongamos que Harry nos dice que entiende lo que le decimos.
Luego, procedemos a testear si Harry adopté el MP. Le preguntamos: «;Sabias que si hoy llueve comeremos tortas
fritas?», «No», nos dice, «pero les creo.» «;Y sabias que hoy llueve?», «No», nos dice, «pero les creo.» Y luego le pre-
guntamos «;Comeremos tortas fritas?» A lo que Harry nos responde: «No lo sé, deberia fijarme qué compraron para
comer.» El escenario es coherente con la premisa, puesto que si Harry no puede inferir de acuerdo a la regla de MP,
presentarle la regla de forma explicita no va a servir de nada, puesto que la regla de MP involucra ejecutar un MP.

10 En el texto original el problema se presenta tanto con MP como con Eliminacién del cuantificador Universal, es decir, que de «Para todo x

Px>, se sigue que «Pa.» Elijo presentar el argumento solo en términos de MP por cuestiones de espacio.

11 Para una buena explicacién del concepto de «de acuerdo a» en el contexto del Problema de la Adopcién ver (Fiore, 2022).
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Otra forma de entender lo mismo es que una de las premisas implicitas del MP es la regla misma como se explica
claramente en (Fiore, 2022).

La conclusién!? que extraen Kripke y Birman de esta historia es la siguiente:

Hay ciertas reglas que simplemente no podrias adoptar: no podrias decirte- las a ti mismo, porque
si te las dijeras a vos mismo sin haberlas utilizado ya, serfan indtiles; asi que o no te ayudan o, de

todos modos, eran superfluas. (Kripke (1974) citado en Birman, 2015, pp. 112)13

La idea principal del problema que nos proponen Kripke y Birman es que el MP (y también la regla de Eliminacién
del Universal) son reglas inadoptables porque la forma condicional de las reglas involucra utilizar MP para poder in-
ferir algo de ella. De hecho, se podria decir que la realizacién exitosa de cualquier regla involucra ejecutar un MP (lo
mismo sucede con la Eliminacién del Universal). Por lo que, sigue Kripke, resulta razonable pensar que estas reglas
son fundamentales e inadoptables. En el sentido de que o bien ya eran parte de nuestro arsenal de reglas o bien, si no
las entendemos, no las vamos a poder entender al agregarlas explicitamente. Y ain mds, si no las entendemos, no de-
berfamos poder aplicar ninguna regla de inferencia exitosamente.

Este argumento guarda una relacién directa con el argumento de Aquiles y la Tortuga de Lewis Carroll (1895), en el
que se plantea un desafio a la hora de justificar una inferencia que tiene la forma de MP. En la historia que nos pre-
senta Lewis Carroll la Tortuga desafia a Aquiles a que la obligue a aceptar la conclusién del siguiente argumento:

(A) Las cosas que son iguales a una tercera son iguales entre si.
(B) Los dos lados de este tridngulo son iguales a un tercero.

(Z) Los dos lados de este tridngulo son iguales entre si.

Dado que (Z) se sigue légicamente de (A) y (B), quien comprende este argumento tiene la siguiente obligacién: si
acepta la verdad de (A) y (B) debe aceptar la verdad de (Z). Sin embargo, la Tortuga le dice a Aquiles que acepta las
premisas pero no acepta la conclusién. Por lo que Aquiles le pide a la Tortuga que acepte el siguiente enunciado hi-
potético:

(C) «Si(A)y (B) son verdaderas, (Z) también lo es.»

La Tortuga lo acepta, pero le dice a Aquiles que adn asi sigue sin aceptar la verdad de (Z). La historia sigue al infi-
nito con Aquiles pidiéndole a la Tortuga que acepte mds y mds enunciados hipotéticos de la forma de (C), y la Tor-
tuga que los acepta pero se niega a aceptar la conclusién del argumento.

Una forma de interpretar lo que estd pasando en la interaccion de estos dos personajes es que la Tortuga no entiende
cémo utilizar la regla de Modus Ponens. Dice Brown: «En todo caso, la presuncién es que por ignorancia, error o
excentricidad no estd haciendo un uso normal de sus palabras.» (Brown, 1954, pp. 175)!“. Por lo que agregar enun-
ciados condicionales que explicitan la regla solo intensifica el problema. En la medida que la Tortuga no acepte que
de un condicional y su antecedente se sigue el consecuente, no habrd premisas que puedan agregarse que la ayuden a
aceptarlo, dado que todas las premisas que se agreguen son instancias de esta regla de inferencia que la Tortuga estd
fallando en comprender. El argumento de Lewis Carroll apunta a la pregunta por la justificacién del MP, y el énfa-

Una de las conclusiones ...

«There are certain rules which you just couldn’t adopt: you couldn’t tell them to yourself, because if you told them to yourself without al-
ready using them, they would be useless; so they either don’t help you or they were superfluous anyway.»

«At any rate, the presumption is that through ignorance, mistake, or eccentricity he is not malting a standard use of his words.»
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sis de su argumento es que cualquier justificacién posible es circular. En tanto que el argumento de Kripke y Birman
se centra en la pregunta de si es posible hacer alguna inferencia si una no sabe usar MP. Sin embargo, la lectura de
Brown apoya nuestro argumento: quien se niega a inferir el consecuente de un condicional aceptando el antecedente
y el condicional es una persona que no entiende cémo usar el condicional.

El punto central de esta seccién es que, independientemente de cudles sean las otras reglas con las que definamos el
condicional indicativo, las hablantes necesitan inferir de acuerdo con MP. En palabras de Finn (2019) esto se debe
a la naturaleza auto-gobernada del MP. La idea es que cualquier regla de inferencia involucra ejecutar un MP. De lo
que se sigue que inferir de acuerdo con MP involucra ejecutar un MP. Por lo que, de no poder inferir utilizando las
reglas de MP, la hablante no podria utilizar correctamente las otras reglas del condicional —cualesquiera sean—. Si
esta discusién la enmarcamos en la discusién sobre condicionales indicativos, no importa cudles sean las reglas que
gobiernen el comportamiento del condicional indicativo una de ellas tiene que ser MP.

Es cierto que alguien podria contrargumentar diciendo que el condicional involucrado en la formulacién de las re-
glas de inferencia no es un condicional indicativo, sino material. Y respecto del condicional material no tenemos
ninguna duda de cudles son las reglas que gobiernan su significado. Sin embargo, y si bien es cierto que cuando ha-
cemos légica (y meta-légica) pensamos qué condicional con el que estdn formuladas las reglas es el material, también
es cierto que estas reglas que determinan el comportamiento de las conectivas légicas tienen un rol —o una inten-
cién— normativa respecto de la forma en la que inferimos en nuestra vida cotidiana. Recordemos que el problema
comienza porque nos damos cuenta de que Harry podria tener una vida mucho mejor si entendiese cémo usar MP.
El problema de Harry no es que no conoce el condicional material; el problema de este personaje es que le estamos
presentando enunciados con forma condicional y no puede realizar un MP, sea cual sea la naturaleza de ese condi-

cional.

Pero incluso si negdsemos el rol normativo de las reglas y asumiésemos que las reglas correctas son aquellas que des-
criben la prictica de las hablantes, podriamos argumentar, siguiendo el espiritu de Brown, que Harry es una reduc-
cién al absurdo de personas que no entienden el condicional. El punto que quiero enfatizar es que nadie le pide a
Harry que entienda el condicional material; lo que se le pide es que entienda algiin condicional. Porque el MP es la
propiedad mds bdsica que caracteriza al condicional. Sin esta regla lo que tenemos son sujetos que solo existen en el
universo escéptico, en el que alguien que hace como que no entiende nos pide que justifiquemos aquello que jamds
dudarfamos que es verdad. Evidencia de esto hay de sobra en estudios empiricos que muestran que una de las pocas
reglas l6gicas que las hablantes saben hacer correctamente es MP —ver (Rips, 1994 pp. 177-178).

Hasta aqui argumenté que la regla de Eliminacién del condicional determina su significado en tanto que no pode-
mos entender un condicional si no sabemos usar MP. A su vez, argumenté que es una regla necesaria para entender
cémo utilizar cualquier otra regla. En la préxima seccién voy a argumentar que la regla de Introduccién es la mejor
representacion del pensamiento hipotético, una propiedad sustantiva del condicional. Luego, voy a explicar por qué
este par de reglas en el contexto de la l6gica intuicionista nos da una doble lectura epistémica del condicional que lo
acerca a los condicionales indicativos. Argumentaré que su interpretacién nos habla de aquello que sabemos y aque-
llo que podemos saber y que nos permite capturar nuestros grados de creencia en un condicional a partir de su pro-

babilidad condicional.

4. Una defensa de la Introduccion hipotética

Para comenzar esta seccién quizds sirva pensar un poco en cémo se piensan los condicionales cuando hacemos légica. A
la literatura sobre condicionales podemos dividirla en tres grandes grupos: por un lado tenemos las teorfas cldsicas que
defienden el condicional material, sus tres grandes defensores son Grice (1989), Jackson (1987) y Williamson (2020).
Por otro lado estdn las teorfas suposicionales que buscan describir al condicional indicativo pensindolo como una co-
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nectiva que reconstruye el proceso de hipotetizar, aqui se ubica la mayor cantidad de literatura, cito a Adams (1975),
Edgington 1995), Stalnaker (1976), de Finetti (1936), Belnap (1970) por nombrar solo algunas autoras relativamente
famosas, entre cientos de teorfas. Y por tltimo estdn las teorfas de la restrictor-view, cuya defensora mds famosa es Krat-
zer (1979) o Gillies (2004) y que suele tener mucho mds desarrollo en el dmbito de la lingiiistica.

Todas las teorias suposicionales de los condicionales parten del Test de Ramsey como inspiracién para pensar su
funcionamiento (o sus condiciones de verdad). Volvamos a esta famosa cita que inaugura la gran mayoria de los tex-
tos sobre condicionales:

Si dos personas discuten «Si p, entonces ¢...» y ambas tienen dudas sobre p, estén afiadiendo hi-
potéticamente p a su conjunto de conocimientos y argumentando sobre esa base acerca de g...

Podemos decir que estén fijando sus grados de creencia en ¢ dado p. (Ramsey, 2016 pp. 143)"

Noten que agregar hipotéticamente A a aquello que sabemos y ver si de eso se sigue B es una forma de describir la
regla de Introduccién del condicional en deduccién natural: podemos aseverar un condicional si de suponer el ante-
cedente llegamos al consecuente a partir de los otros supuestos que tenemos. La regla de Introduccién del condicio-
nal de deduccién natural cristaliza el espiritu suposicional de la prictica de aseverar condicionales.

Una posible objecién es que esta regla nos permite derivar paradojas monotdnicas como A = B — A, por lo que no ter-
mina de capturar el espiritu del Test de Ramsey. Pero esta paradoja es un caso limite que todas las teorfas suposicionales
validan en algtin sentido. Por ejemplo, hay una versién de la paradoja de monotonia que tienen las teorfas probabilisti-
cas de Adams (1975) y Edgington (1995) y Egré et al. (2024): estas teorias nos dicen que la probabilidad de un condi-
cional indicativo PH{A — B) es igual a la probabilidad condicional de B dado A (esto se desarrollard con mds detalle en
la seccién 5.2; a esto se lo suele llamar la Tesis de Stalnaker). Para Adams y Edgington esta funcién de probabilidad es
una especie de funcién parcial que solo permite evaluar condicionales que tienen un tnico condicional como conectiva
principal. En tanto que la funcién de probabilidad de Egré ez /. funciona igual que la de Adams y Edgington para las
férmulas que solo contienen un condicional como conectiva principal y arroja alguna cosa distinta cuando las f6rmu-
las tienen condicionales anidados a la derecha, o contienen algtin condicional que no es la conectiva principal. Para es-
tas propuestas si algo es verdadero, entonces su probabilidad condicional va a ser 1 independientemente de cudl sea el
antecedente sobre el que condicionalicemos. Incluso en las teorias de Restrictor View, como las semdnticas dindmicas de
Gillies (2004) también arrastran otra versién de esta paradoja por cémo estd formulada la cliusula de verdad del condi-
cioanl. Y de forma mds moderada también para la semdntica de Stalnaker (1976), que en la medida que el consecuente
sea verdadero en todos los mundos mds cercanos, el condicional serd verdadero independientemente del antecedente.
Es decir, si bien no lo valida, hace verdaderos a todas las instancias de esta paradoja que tienen como consecuente un
condicional verdadero. Por lo que la paradoja de monotonia no creo que sea un problema demoledor para una teorfa,
en la medida que casi todas las teorfas conviven con esta paradoja de alguna forma u otra.

Algo interesante para tener en cuenta es que gran parte de las semdnticas de los condicionales proponen reglas muy pare-
cidas a la regla de Introduccién. Por ejemplo, Gillies (2004) propone una semdntica dindmica en la que tenemos un es-
tado epistémico K, un contexto C que se actualiza a medida que aseveramos oraciones y el significado de las conectivas estd
dado por el potencial que tienen de modificar el contexto. En este marco, nos propone la siguiente definicién para un con-
dicional indicativo y epistémico: si actualizamos hipotéticamente nuestro contexto con el antecedente y no llegamos a un
absurdo, entonces podemos aseverar el condicional. O dicho de otro modo, si suponer el antecedente no modifica nues-
tro estado epistémico entonces podemos aseverar el condicional. De esto se sigue que el consecuente debia estar incluido ya
en nuestro arsenal de conocimientos previos (suponiendo que somos agentes epistémicamente ideales tal y como supone
Gillies). Noten que esta cldusula captura algo muy parecido a lo que nos permite hacer la regla de Introduccién. Si dados

5 «If two people are arguing “If p will q” and both are in doubt as to p, they are adding p hypothetically to their stock of knowledge and ar-

guing on that basis about q (...) we can say that they are fixing their degrees of belief in q given p.»
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nuestros supuestos previos podemos inferir el consecuente al suponer el antecedente, entonces o bien el consecuente estaba
incluido en el producto de cerrar bajo consecuencia el conjunto que contiene a nuestros supuestos previos junto con el an-
tecedente, o bien el antecedente era incompatible con nuestros supuestos previos.

También es interesante notar que la regla de Introduccién es pricticamente anéloga a un lado de la cldusula que pro-
pone Girdenfors en (1984), que dice que A — B si y solo si B pertenece a K, donde K es el producto de revisar
K por A, donde la revisién devuelve algo distinto de K si y solo si A es una contradiccién. Esto es pricticamente lo
mismo que lo que proponen las semdnticas dindmicas.

Ahora, la gran pregunta que surge es por qué si la regla de Introduccién captura el espiritu del Test de Ramsey igual
de bien que lo hacen los enfoques suposicionales, el condicional que resulta del par de reglas de Introduccién y Eli-
minacién de deduccién natural no es considerado un enfoque suposicional. La respuesta es que la literatura suele te-
ner un sesgo cldsico.

La razén por la que las teorfas del condicional material no entran en la categoria suposicional, no es que la regla de
Introduccién del condicional no capture el espiritu de Ramsey, sino que el par de reglas de Introduccién y Elimina-
cién en el contexto de la légica cldsica nos devuelve un condicional que se caracteriza por una cantidad infinita de
paradojas. Estas paradojas nos alejan demasiado de una idea suposicional. Pero no es que el condicional material no
nos diga nada sobre el funcionamiento suposicional o hipotético, sino que nos dice demasiado.

Pero si volvemos al argumento de Belnap sobre tonk, podemos ver que esto se debe a que estamos mirando el par
de reglas y asumiendo de forma sesgada el contexto de deduccién. Es decir, ese par de reglas en el aire no basta para
describir el condicional material, de hecho no basta para describir ningtin condicional. Y una vez que notamos que F
o | no tienen por qué representar la transmisién de verdad como lo hace el martillo de la légica cldsica, podemos ver

que este par de reglas es completamente compatible con una teoria suposicional del condicional.

Hasta aqui entonces tenemos lo siguiente: la regla de Eliminacién, como ya vimos en la seccién anterior, es una regla
innegociable a la hora de describir el funcionamiento de los condicionales. A tal punto que podemos decir que si no
sabemos usar MP, no sabemos usar un condicional. En tanto que la regla de Introduccién es la que captura el fun-
cionamiento suposicional de los condicionales. Por otro lado, y como veremos a continuacidn, en la medida en que
la nocién de consecuencia refiera a la légica intuicionista vamos a quitarnos de encima la mitad de las paradojas del
condicional material. Mientras que si la nocién de consecuencia refiere a la 16gica minimal vamos a quitarnos de en-
cima todas, excepto por la paradoja de la monotonia del condicional (pero que ya vimos que todas las teorias supo-
sicionales tienen en alguna medida). Por lo que podriamos decir que, en el marco de un sistema de deduccién natu-
ral, el problema no son las reglas del condicional sino las reglas para la negacién. Es decir, las reglas que convierten al
condicional minimal e intuicionista en el condicional material.

En lo que sigue opto por defender el condicional intuicionista y no el minimal por dos razones: primero, porque en algtin
sentido estos dos condicionales son el mismo condicional, en tanto que para el fragmento del lenguaje que no contiene ne-
gaciones nos permiten probar exactamente las mismas cosas. Segundo, pero mds importante, porque la légica minimal no
nos da informacién sobre cémo inferir cosas con negaciones. Es una légica que nos dice qué hacer en casos de contradic-
ciones, pero nada mds. Y esa es la razén principal por la que nos quitamos de encima todas las paradojas de la implicacién
material: porque todas involucran negaciones y la 16gica minimal nos da normas muy minimas sobre cémo operar con f6r-
mulas negadas. En ese sentido, no nos dice nada sobre qué hacer con un condicional negado. Con esto no quiero argu-
mentar que sea una mala légica de los condicionales, sencillamente creo que si queremos buscar normas sobre cémo inferir
en un lenguaje que contiene tanto un condicional como una negacién, la 16gica intuicionista va a ser mds ttil.

Por otro lado, y como veremos en la seccién siguiente, las semdnticas intuicionistas nos proporcionan interpretaciones
epistémicas que permiten una buena interpretacién del condicional indicativo. Es interesante ver que en la medida en
la que una crea que las reglas de deduccién natural son aquellas que determinan el significado de las conectivas (a dife-
rencia de quienes defienden que las reglas de secuentes son mejores o igual de buenas para este trabajo (Negri, 2002)),
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entonces es necesario sostener una postura molecularista: dado que el significado del condicional va a estar atado a las
reglas que caractericen la negacién. Si una mantiene una postura atomista, es necesario comprometerse con que el signi-
ficado de las reglas puede darse en secuentes, en tanto que estos clculos permiten que el mismo par de reglas determine
dos condicionales distintos restringiendo la cantidad de conclusiones. La discusién por qué tipo de reglas son mejores
para capturar el significado de una conectiva es muy extensa y por cuestiones de espacio no se desarrollard aqui. Sin em-
bargo, no estd demds mencionar esto: si queremos reglas de deduccién natural como las que se presentan al principio
del articulo es necesario comprometerse con una posicién molecularista, pero es posible defender la tesis que aqui pre-
sento sobre los condicionales desde una postura atomista del significado en la medida que el cdlculo sea otro.

Recapitulo el argumento central hasta aqui: a la hora de capturar el espiritu del Test de Ramsey no hay razones para
rechazar la regla de Introduccién excepto por la creencia de que el par de reglas (Introduccién y Eliminacién) nos
conduce al condicional material. Pero ya hemos visto que no. A su vez, tiene a su favor que es la regla més sencilla
capaz de capturar lo que estas teorias suposicionales intentan capturar.

Es cierto que alguien podria argumentar, y con verdad, que la regla de Introduccién permite aceptar condicionales sin con-
siderar el antecedente, siempre que tengamos razones para aceptar el consecuente. En tanto que considerar el antecedente
es una parte sustantiva del Test de Ramsey. Sin embargo, creo que esto depende de la lectura que hagamos del Test de
Ramsey. Una forma razonable de leerlo, tal y como hacen las semdnticas dindmicas, es preguntarse si de aceptar el antece-
dente, el consecuente sigue siendo parte de nuestro conjunto de creencias. Esta pregunta no nos obliga a establecer una re-
lacién relevante entre antecedente y consecuente. Y de hecho, en general las clausulas de verdad de los condicionales que
si se suelen considerar ramsianos no son relevantes en este sentido. Por otro lado, la segunda parte de la cita de Ramsey
puede tomarse como la vara de relevancia: cémo ajustamos nuestro grado de creencia en el consecuente de suponer que el
antecedente es verdadero, determinard que estemos més o menos dispuestas a aceptar el condicional. Para eso necesitamos
una teorfa de la probabilidad que nos diga cémo hacer esa cuenta. El condicional material es incapaz de hacer eso, dado
que la probabilidad de A D B es igual a la probabilidad de -4 v B. En tanto que la probabilidad de B dado A no puede
coincidir con la probabilidad de un condicional indicativo que satisfaga ciertos requisitos muy bdsicos, como explica Lewis
(1976). En lo que sigue, voy a argumentar en favor del condicional intuicionista y mostrar que a diferencia del condicional
material, este condicional si satisface este requisito, también conocido como la Tesis de Stalnaker.

Una cosa que no deberfamos dejar de nombrar es que este par de reglas es el minimo necesario para validar el meta-
teorema de la deduccién (I' U {A} E Bsiy solo si I' F A — B). Es decir, a partir de estas reglas vamos a poder tener
un condicional que internalice la nocién de consecuencia con la que estamos trabajando. En ese sentido, el condicio-
nal intuicionista es un buen candidato para representar un condicional que exprese la nocién de deduccién que utili-

zamos cuando hablamos.

Por tltimo, algo que no quiero dejar de remarcar es que si creemos que, siguiendo el consenso que hay en la litera-
tura un condicional debe validar MP, Import-Export y ser estrictamente mds fuerte que el condicional material, en-

1

tonces, como muestra Fitelson en (2013), el condicional mds débil capaz de satisfacer estas tres inferencias'® es el

condicional intuicionista.

S. Una defensa del condicional intuicionista

En esta seccién quiero defender el condicional intuicionista como un buen modelo del condicional indicativo y también
defenderlo de posibles criticas. En las secciones anteriores argumenté que las reglas que caracterizan al condicional intui-
cionista son las reglas que determinan el significado del condicional indicativo. A su vez, remarqué que hay un conjunto
de inferencias que de forma naive la literatura desearfa que valide un condicional indicativo: MP, Import-Export y ser es-

16 Junto con algunos supuestos muy bsicos extra.
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trictamente mds fuerte que el condicional material. Una caracteristica fundamental del condicional intuicionista es que
es el condicional mds débil'” que satisface estos tres requisitos. Es cierto, sin embargo, que hay una cantidad infinita de
condicionales entre el intuicionista y el material que también lo satisfacen. No voy a hacer un argumento exhaustivo de
por qué el intuicionista es mejor que una cantidad infinita de otros condicionales. En lo que sigue argumentaré, de forma
modesta, que al menos hay buenas razones para tomar al condicional intuicionista como un buen modelo del condicio-
nal indicativo. Comenzaré por mostrar que invalida la mitad de las paradojas del condicional material y luego, procederé
a mostrar que tiene un semdntica que captura no solo el espiritu ramsiano sino también la intuicién epistémica detrds de
los condicionales. Y, principalmente, voy a argumentar que a diferencia de muchos otros condicionales (cldsicos y no cli-
sicos), el condicional intuicionista nos proporciona una norma pragmdtica-epistémica clara de cudndo aseverar un condi-
cional, dado que la probabilidad del condicional es equivalente a su probabilidad condicional.

S.1. LAS PARADOJAS DEL CONDICIONAL MATERIAL

Comencemos mirando el siguiente ejemplo que tomo con leves modificaciones de (Gillies, 2004):

Ejemplo 1. Ha habido un asesinato en la mansién y nos quedan varios sospechosos, entre ellos dos hombres, el coronel
Mostaza y el reverendo Verde, y una mujer, la Senorita Escarlata. Tenemos buenas razones pero no concluyentes para
creer que si fue un hombre entonces fue el Coronel Mostaza. Mi amiga, con muchisima seguridad, me dice:

— Silo hizo un hombre, entonces fue el Coronel Mostaza. Pero yo estoy en desacuerdo, asi que le respondo:

— No es el caso que si fue uno de los dos entonces fue el Coronel Mostaza. Después de todo, el Reverendo Verde sigue

siendo un buen sospechoso.

Sabemos que si este condicional se leyera materialmente, negar «Si fue uno de los dos quien lo hizo, entonces fue el
Coronel Mostaza» implicaria que el Reverendo Verde es el culpable (-(A — B) &=, A). Pero esa claramente no es
la informacién que yo quiero transmitir. Lo que quiero decir es que no hay pruebas concluyentes que incriminen a
ninguno de los dos. Esto podemos decirlo con el condicional intuicionista, puesto que que negar aquel condicional
no implica que el Reverendo Verde sea el asesino. Este ejemplo es un caso de un condicional epistémico porque ha-
bla sobre nuestros estados de informacién e indicativo porque es un condicional que utilizamos en la vida cotidiana.
Y creo que este es un buen caso para ver por qué el condicional intuicionista funciona en tanto modelo de los condi-

cionales indicativos con carga epistémica.

Voy a comenzar presentando la lectura que propone Dummett del condicional intuicionista que resulta muy natural
a la hora de pensar en condicionales epistémicos:

La estipulacién estandar de lo que debe contar como prueba de un enunciado condicional es que
debe ser una operacion de la que podamos reconocer que, aplicada a cualquier prueba del ante-
cedente, producird una prueba del consecuente. (Dummett, 1991, pp. 227)18

Noten que, naturalmente, la descripcién de cudndo podemos aseverar un condicional (es decir, cudndo tenemos una
prueba del condicional) coincide con la forma que tiene el intuicionismo de determinar qué argumentos son validos.
Podemos aseverar que un argumento que va de un conjunto de premisas a cierta conclusién es vélido cuando po-
demos producir una prueba de la conclusién a partir del supuesto de que hay una prueba de las premisas. Por otro

17 En el contexto de una légica estructural.

18 «The standard stipulation of what is to count as a proof of a conditional statement is that it must be an operation of which we can recog-

nise that, applied to any proof of the antecedent, it will yield a proof of the consequent.»
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lado, dado que el condicional intuicionista es estrictamente mds fuerte que el condicional material, este invalida una
gran cantidad de paradojas que motivaban la bisqueda de una semdntica diferente. Si volvemos al ejemplo, de negar
«si fue uno de los dos quien lo hizo, entonces fue el Coronel Mostaza», no se sigue que el culpable sea el Reverendo
Verde. De hecho, es sencillo probar que invalida muchisimas paradojas del condicional material. Por enumerar algu-
nas miremos los siguientes ejemplos que son invalidos en la légica intuicionista:

1. (4—B)v(4— -B)
2. (A—B)v(~4—B).
3. <—|/I — (=B —>/1)) A =1B. Por lo tanto, 4

La légica intuicionista invalida todas las paradojas del condicional material que involucran el uso insustituible de la re-
gla de doble negacién en su derivacién: aquella misma regla que convierte al condicional intuicionista en el cldsico en el
marco de un cdlculo de deduccién natural. Por otro lado, nos permite tener una légica mucho mds fuerte e informativa
que muchas otras propuestas, como es el caso de la légica minimal que antes mencionaba, o el caso de algunas légicas
dindmicas que al no ser reflexivas ni monoténicas son inferencialmente muy débiles. En ese sentido, la légica intuicio-
nista tiene mayor poder normativo, puesto que valida muchisimas inferencias. Naturalmente, en esta fuerza deductiva
también se cuelan infinitas paradojas del condicional que desearfamos que sean invdlidas. Por ejemplo, he aqui algunas:

4. APorlotanto,B— A
5. APorlotanto, 74 — B

Mi propuesta es entender este tipo de inferencias como vélidas pero no aseverables —en el mejor espiritu de Jackson
(1987) y de Stalnaker (1976). Esto es, si bien estas inferencias estdn autorizadas por la 16gica, no hay ningtin con-
texto en el que tengamos razones para utilizarlas. Una de las bondades de pensar el significado en términos de reglas
es que nos permite pensar a las inferencias validas como tickets de inferencia, como diria Ryle (1950). Es decir, como
transformaciones que se nos permite ejecutar, pero que no estamos obligadas a hacer. De hecho, podemos guardar
nuestro ticket para toda la vida y nunca usarlo.

Esto habilita que nuestras creencias no estén cerradas bajo consecuencia. Si bien es cierto que yo deberia aceptar la con-
clusién de un argumento, si yo asevero un conjunto de premisas de las que se sigue légicamente cierta oracién y alguien
me pregunta y yo me doy cuenta de aquella relacién légica. Pero fuera de aquel contexto, no tengo por qué utilizar
aquella conclusién en mis razonamientos, porque estar permitido no implica que tenga razones para aseverarlo.

Una de las principales bondades de esta propuesta es que, a diferencia de muchas otras teorias del condicional indi-
cativo, aqui podemos establecer una vara de aseveracién o aseverabilidad que haga uso de la Tesis de Stalnaker (una
de las propiedades mas deseadas en la literatura sobre condicionales indicativos). A continuacidn voy a explicar bre-
vemente cémo funcionan las probabilidades de los condicionales intuicionistas y la probabilidad condicional para
luego poder explicar cudndo la conclusién de una inferencia vilida es aseverable en esta propuesta.

S5.2. LA PROBABILIDAD DEL CONDICIONAL INTUICIONISTA

Como se puede ver en Adams (1975), De Finetti (1936), Edgington (1995) o Egré et al. (2024), entre muchos
otros, es comun pensar que las creencias parciales pueden modelarse mediante funciones de probabilidad. Y en parti-
cular estas autoras (entre muchas otras) han tratado de cuadrar la idea de que el grado de creencia en un condicional
indicativo debe ser igual al de la probabilidad condicional. A esta idea se la llama Tesis de Stalnaker.

Pr(A4AB)

Tesis de Stalnaker: Pr(4 — B)=Pr(B|4d)= ————, si Pr(A4)>0.
Pr(A)
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Sin embargo, por razones que nos llevan muy por fuera de este trabajo, (Lewis, 1976), y muchas otras autoras luego,
han mostrado que si una tiene una funcién de probabilidad cldsica y asume la Tesis de Stalnaker, entonces la fun-
cién de probabilidad trivializa.

En (2003), Weatherson muestra cémo construir una funcién de probabilidad intuicionista. Es decir, es posible
definir una funcién de probabilidad Pr para un lenguaje proposicional £, que contenga una conjuncién, A, una
disyuncién, Vv, una negacién, -, una constante de verdad, T, (para facilitarnos la notacién) y un condicional, —,
tal que Pr: For(L) = [0, 1] y que satisfaga las siguientes propiedades:

P1 Sik, 4, entonces Pr( A)=1

P2 Si At entonces Pr(.A)=0.

P3 SiAy B son légicamente equivalentes, entonces Pr(.A) = Pr(B)

P4 SiA |, B, entonces Pr( A) < Pr(B).

PS Pr(Av B) = Pr( A) + Pr(B) — Pr( A B)

Donde I se lee como la nocién de consecuencia de la légica intuicionista, |, A se lee como ser un teorema de la 16-
gica intuicionista y 4 I, ser un anti-teorema de la légica intuicionista, es decir, una contradiccién. Quien esté fami-
liarizada con las probabilidades podrd notar que aqui (a diferencia de las probabilidades clésicas) la negacién no es
composicional. Dado que =4 v A no es un teorema de la 16gica intuicionista, es posible asignarle Pr( A) = Pr(=A4) = 0.
Pero puesto que A A ~A es una contradiccién de la légica intuicionista, y dada la propiedad [P5], Pr( A A -~A) = Pr( A)
+ Pr(=A) - Pr( A v =A) = 0. Por otro lado, para quienes no estén familiarizadas con estas funciones, estos 5 requisi-

tos suelen considerarse requisitos bdsicos para que una funcién se pueda considerar una funcién probabilistica (a pe-
sar de que P5 suele debilitarse para otras légicas no cldsicas).!”

La pregunta natural que surge a esta altura es ;cudl es la probabilidad del condicional intuicionista? La respuesta,
quizds para nuestra sorpresa es la siguiente: Morgan y Mares (1995) muestran que es posible construir una relacién
binaria Pr(A|T) : For(L)xP (ForL) — [0, 1] donde A es una férmula y " un conjunto de oraciones, que cumpla con
la siguientes propiedades:

Cl. 0=Pr(4|l) <1

C2. SiA e T, entonces Pr(A|l)=1.

C3. Pr(A|{B} UT)" Pr(B|T) = Pr(B|{A} UT)" Pr(A|T)

C4. Pr(4— B|T) = Pr(B|{4} UT).

Cuando I' es vacio vamos a senalarlo como T y tendremos lo siguiente:

Pr(AAB)
Tesis Intuicionista de Stalnaker: Pr(4 — B|T) =Pr(B{4} U T) = Pr(4) S Pr(4) > 0.

Que es una forma distinta de reescribir la Tesis original de Stalnaker.

A diferencia de cualquier condicional que extienda la 16gica cldsica o del condicional material mismo, este condicio-
nal satisface la Tesis de Stalnaker sin trivializar. Las razones estin explicadas en detalle en el texto de Morgan y Mares.

19 Ver (Williams, 2016) para mas detalles al respecto.
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Sin embargo, dos formas sencillas de entender por qué sucede son las siguientes. Primero que nada, es relevante sa-
ber que para derivar el resultado de trivialidad de Lewis necesitamos hacer un uso esencial de Tercero Excluido, que
en la légica intuicionista no es un teorema. Otra forma mds especifica de ver por qué se evita este resultado de trivia-
lidad es pensando c6mo se calcula la probabilidad del condicional material en contraposicién con la probabilidad del
condicional intuicionista. Quien no esté familiarizada con estos temas puede saltarse lo que resta del parrafo, pues
es bastante técnico y por razones de espacio no desarrollaré el detalle. Una forma de entender lo que sucede es que
si extendemos la légica cldsica con un condicional indicativo que valide MP, Import-Export y que sea mds fuerte
que el material, entonces este condicional va a colapsar con el condicional material (Fitelson, 2013; Gibbard, 1980).
Pero las probabilidades del condicional material siempre son iguales o mds altas que la probabilidad condicional —
dado que el condicional material en el fondo es una disyuncién que nos dice que o bien el antecedente es falso o
bien el consecuente es verdadero. Por lo que cuando suponemos que la probabilidad del condicional indicativo (que
asumimos que valida MP, Import-Export y que es mds fuerte que el material) es la probabilidad condicional (que es
una divisién entre la conjuncién de antecedente y consecuente, y el antecedente), llegamos a una contradiccién. En
cambio en la légica intuicionista, si bien el condicional indicativo al agregarlo a la 16gica colapsa con el condicional
intuicionista, este no es interdefinible con la disyuncién. De hecho no es interdefinible con ninguna otra conectiva
del lenguaje, por lo que tenemos la libertad de definirlo a partir de la famosa ratio formula, es decir, la Tesis de Stal-

naker.

Naturalmente, va a tener algunos comportamientos un tanto peculiares respecto de lo que estamos acostumbradas
a ver en una funcién de probabilidad condicional, pero que son de esperar dado que aquella relacién estd represen-
tando al condicional intuicionista. En particular va a ser monoténica:

M1. Para toda funcién Pr que satifaga C1-C4, Pr( A|T) < Pr( AT U {B}).

Sin embargo, como hemos visto anteriormente, las paradojas de la monotonia son las mds recurrentes en las mejores

teorias de los condicionales indicativos.

Volviendo a la pregunta de cudndo una inferencia valida no es aseverable, esta funcién puede cumplir un rol prag-
matico/espitémico a la hora de moldear la forma en la que entendemos las reglas del condicional y a la hora de deci-
dir cudndo aseverar un condicional. En tanto que el significado va a estar dado por las reglas del condicional intui-
cionista, nuestro entendimiento va a completarse a través de la Tesis Intuicionista de Stalnaker. Esto es, siguiendo el
espiritu de Jackson (1979; 1987), podemos decir que cuando aseveramos un condicional es porque creemos que el
grado de probabilidad del consecuente dado el antecedente es alto. Esto a su vez nos da un buen criterio de relevan-
cia, tal y como propone Douven (2015)%. Dado que nuestro condicional respeta la Tesis Intuicionista de Stalnaker,

podemos argumentar que un antecedente de un condicional, digamos A4, es relevante para el consecuente, en este
caso B, cuando la probabilidad condicional de Pr(B|I" U {4}) > Pr(B|I" U {-4}).

Esto es un beneficio fuerte del condicional intuicionista por sobre muchisimos otros condicionales de la literatura.
En particular, Jackson (1979) defiende esta tesis pero respecto del condicional material. Nos dice que podemos ase-
verar un condicional en la medida que la inferencia que nos devuelve aquel condicional sea cldsicamente vélida y que
la probabilidad condicional del consecuente dado el antecedente sea alta. Sin embargo, esta propuesta tiene un pro-
blema grave y es que no hay forma de explicar la relacién entre la probabilidad condicional y el condicional de la 16-
gica, dado que son dos condicionales distintos. En tanto que para la légica intuicionista podemos tomar de forma li-
teral la propuesta de Jackson, puesto que solo tenemos un condicional (el intuicionista) cuya probabilidad coincide
con la probabilidad condicional.

20 Douven est4 hablando de la funcién de probabilidad condicional clésica. Jackson también.
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Por otro lado, una podria preguntarse por los condicionales relevantes. Esta literatura es muy basta e intere-
sante, y si bien suelen invalidar las paradojas de la monotonia, no pueden dar funciones de probabilidad que res-
peten la Tesis de Stalnaker. A su vez, la literatura se debate mucho en relacién a cudles son los requisitos de re-
levancia: inclusién de contenido o preservacién de tépicos, por nombrar algunos. Aqui tenemos un criterio de
relevancia epistémico: un antecedente es relevante cuando la probabilidad del consecuente aumenta si se da el
antecedente.

Es importante destacar que este condicional permite tener muchas de las desiderata deseadas en la literatura. Las ex-
tensiones de la 16gica cldsica, como el condicional de Stalnaker y Lewis, no pueden validar MP, Import-Export y ser
mids fuertes que el condicional material a la vez, asi como tampoco pueden satisfacer la Tesis de Stalnaker. Las se-
ménticas dindmicas tampoco. Las propuestas probabilisticas como la de Adams no pueden anidar condicionales (y
por ende no pueden satisfacer Import-Export). En tanto que las propuestas trivaluadas satisfacen la Tesis de Stal-
naker pero tienen un condicional mds débil que el condicional material.?! En cambio, el condicional intuicionista
nos permite validar las tres inferencias que suelen tener consenso en la literatura, su significado estd determinado por

dos reglas razonables y nos permite validar la Tesis de Stalnaker.

Para cerrar voy a hablar brevemente sobre la interpretacién epistémica de la 16gica intuicionista.

5.3. UNA INTERPRETACION EPISTEMICA PARA UN CONDICIONAL EPISTEMICO

En esta seccién no quiero presentar el detalle de los modelos de Kripke, porque creo que es posible entender la pro-
puesta y la interpretacién BHK sin necesidad de introducir todos los tecnicismos —quién esté interesada en conocer
la propuesta en detalle, recomiendo ir al texto original de Kripke (1965). La idea principal de los modelos de Kripke
es pensar la verdad de las oraciones relativizada a los estados epistémicos de una agente ideal. Para eso se presenta un
sistema modal que parte de un mundo actual en el que la agente conoce una serie de cosas (quizds nada) y a medida
que avanza el tiempo va obteniendo mds y mds informacién certera que va determinando la verdad o la falsedad de
las férmulas del lenguaje. Esta agente ideal va a mantener indeterminado el valor de todas y cada una de las f6rmu-
las hasta no tener una prueba concluyente de ella o de su negacién, y a medida que las consiga, dado que son prue-
bas concluyentes, el valor de verdad de estas oraciones quedard determinado para siempre. A medida que el tiempo
avanza, la agente tendrd que elegir sobre qué cosas investigar. Ese conjunto de decisiones lo podemos modelar como
una estructura de un drbol que se ramifica en funcién de las posibles decisiones.

Los modelos de Kripke se presentan en términos de un conjunto de mundos, un mundo designado (el mundo ac-
tual desde el que partimos), una relacién de accesibilidad reflexiva y transitiva, sobre la que se exige la condicidn he-
reditaria, —es decir, una restriccién que nos dice que si en un mundo una oracién es verdadera, en todos los mun-
dos a los que accede, aquella oracién seguird siendo verdadera—, y una funcién de valuacién. Las férmulas atémicas
pueden ser verdaderas o falsas en un mundo, pero dado que no tenemos una negacién booleana, vamos a poder te-
ner mundos en los que las férmulas sean tanto ellas falsas como también su negacién. La idea recordemos que es que
una férmula s6lo va a ser verdadera en la medida que tengamos una prueba concluyente, por lo que si no tengo una
prueba concluyente de A4 ni de =4, en el mundo actual ninguna serd verdadera. Pero dado que estamos en un con-
texto bivaluado, esto va a forzar a que ambas sean falsas en el mundo actual. Vamos a escribir w FX A para decir que
un mundo w hace verdadera a A y w X A para decir que w la hace falsa. Suponiendo que tenemos un lenguaje que
solo tiene negacién y condicionales, la idea es que un condicional A — B va a ser verdadero en un mundo w si y solo
si en todos los mundos a lo que accede w, o bien A es falsa o bien B es verdadera. En caso contrario A — B serd falsa
en ese mundo. En tanto que una férmula -4 va a ser verdadera en un mundo w si y solo si en todos los mundos a
los que accede w, A es falsa y serd falsa en caso contrario. Una férmula va a ser vilida si y solo si es verdadera en todo

21 Ver (Egré et al., 2023).

124 Theoria, 2025,40/2, 107-129



Condicionales indicativos e intuicionistas

mundo w y en todo modelo, y lo escribimos como FX A. Un argumento va a ser vilido si y solo si en todo mundo
w de todo modelo o bien alguna premisa es falsa o bien la conclusién es verdadera. Y lo escribimos como I' FX A. Es
decir, en la medida que no tenga contraejemplos, donde un contraejemplo es un mundo w en un modelo en el que
todas las premisas son verdaderas y la conclusidn falsa.

En términos generales, la idea es que vamos a poder inferir solo aquellas cosas que si sabemos que las premisas son ver-
daderas, entonces sabemos que la conclusién también lo es. Pero naturalmente, a diferencia de la légica cldsica donde no
hay lugar para modelar lo que nosotras sabemos, aqui hay muchas cosas que no vamos a saber. Estos modelos van a inva-
lidar muchas paradojas del condicional material (dado que son correctos y completos respecto de las reglas que presenté
anteriormente). Tomemos el ejemplo del asesino en la mansién. Si estamos en un mundo w tal que w #X B, w X -By
w K A 'y supongamos que w accede a un w” en el que w” FX By w’” X A. En w, w X B — A, dado que w solo accede a
wyaw'yenw FXB— A. Delo que se sigue que w FX =(B — A), sin embargo como bien dijimos, w X B.

Por otro lado, aqui se ponen de manifiesto de forma mds clara las razones para rechazar instancias de tercero ex-
cluido del condicional. Es decir, una agente que desconoce si A — B o si -( A — B) no estd en la obligacién de com-
prometerse con la aseveracién de que (A — B) v =( A — B), asi como tampoco deberd aseverar instancias del lla-
mado tercero excluido condicional, (A — B) v (A — =B), en la medida que su estado epistémico sea tal que no sepa
si se dard B o =B en caso de que se dé A.

Esta es una légica de la preservacién de evidencia concluyente en la que las oraciones que aseveramos son oraciones
que sabemos que son verdaderas. Si bien es verdad que, como argumentan Adams (1975) o Edgington (1995), mu-
chos condicionales indicativos se utilizan para expresar incerteza sobre el mundo, las légicas que permiten hablar de la
incerteza suelen ser extremadamente débiles y tener fuertes restricciones sintdcticas. La légica intuicionista no nos va a
permitir aseverar oraciones para las que no tenemos prueba concluyente. Sin embargo, al ser una légica epistémica nos
permite aseverar condicionales tales que si suponemos que tenemos una prueba del antecedente, entonces tenemos
certeza de que podemos construir una prueba del consecuente. Nos permite aseverar condicionales que expresan in-
formacién sobre nuestro estado de conocimiento, mientras que preserva la validez de Modus Ponens, nos permite tra-
ducir condicionales anidados via Import-Export y es un condicional estrictamente mds fuerte que el material.

A su vez, dado que valida la Tesis Intuicionista de Stalnaker, podemos dar una pauta de aseveracién en tanto pro-
babilidad condicional alta. De esta forma, tenemos un condicional con una interpretacién espitémica dada por una
agente ideal, al igual que la mayoria de las semdnticas de los condicionales, pero que aparte nos permite respetar las
intuiciones naive respecto de qué inferencias son vélidas. Y también se inserta en el contexto de una légica fuerte con
poder normativo para que rija las practicas deductivas de las hablantes.

6. Conclusiones

Como argumenté a lo largo de estas pdginas, cuando pensamos los modelos del condicional en términos de sus con-
diciones de verdad, la discusién se empantana, puesto que no hay condiciones de verdad que satisfagan las intui-
ciones respecto de todos los condicionales del lenguaje. Sin embargo, todas acordamos en que es necesario dar una
l6gica para este término puesto que su rol es ubicuo en nuestros razonamientos cotidianos y en nuestra préctica cien-
tifica y filoséfica. Por lo que la propuesta es que pensemos su significado en término de sus condiciones de uso. En
ese contexto, hay consenso respecto de cudles serfan las inferencias que idealmente querriamos que valide un condi-
cional: en particular queremos que valide MP, Import-Export y que sea estrictamente mds fuerte que el condicio-
nal material. Argumenté que MP es la inferencia mds sustantiva a la hora de pensar el significado de un condicional
y que quien no puede instanciar la regla de Eliminacién no entiende lo que es un condicional. También argumenté
que la regla de Introduccién era la mejor forma y la mds sencilla de capturar el Test de Ramsey. Y que en la medida
en que la negacién no se comportase clisicamente, era posible tener un condicional que validase MP e Import-Ex-
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port y que fuese estrictamente mds fuerte que el condicional material. Cabe destacar, que estas tres inferencias im-
plican tanto la regla de Introduccién como la de Eliminacién, por lo que, si tenemos las tres reglas en una légica es-
tructural, al menos tendremos un condicional tan fuerte como el intuicionista. También mostré que el condicional
intuicionista puede satisfacer una versién de la Tesis de Stalnaker, que en el marco de esta teorfa vendrd a cumplir
un rol epistémico que complemente el significado otorgado por el par de reglas.

Para cerrar creo que es importante destacar la que creo que es la critica mds fuerte que se le puede hacer a este enfo-
que. Alguien podria decir que aceptar que el condicional que utilizamos en nuestros razonamientos deductivos dia-
rios es el condicional intuicionista nos obliga a comprometernos con la légica intuicionista como la légica de nues-
tros razonamientos diarios. Creo personalmente que esto es una de las fortalezas de esta propuesta. Que la légica
intuicionista es la 16gica detrds del lenguaje natural ha sido defendido con firmeza por Dummett en (1991) y es una
tesis que excede los limites de este trabajo. Sin embargo, creo que si bien involucra un cambio de paradigma sustan-
tivo en la forma en la que trabajamos en filosofia y principalmente en matemdtica, es un trabajo que se ha desarro-
llado por afios por una gran comunidad de filésofas y matemdticas. Por otro lado, es importante destacar que para
cualquier propuesta de semdntica que se presente, o bien va a involucrar una légica divergente de la clsica (como en
el caso de las semdnticas dindmicas o las semdnticas trivaluadas) o bien va a ser una extensién de la 16gica cldsica que
pierda MP o Import-Export —como son el caso de la légica propuesta por McGee (1985) o Stalnaker (1968). Y si
bien sostener esta tesis tiene una implicancia muy fuerte, puesto que las pricticas matemdticas y cientificas se basan
en la légica cldsica, en la cotidianeidad es dificil sostener que usamos algo parecido a la légica cldsica. Por eso creo
que la légica intuicionista es un buen punto de partida para repensar la légica detrds de nuestras précticas lingiiisti-
cas, y en particular de nuestros condicionales.
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RESUMEN: En este articulo examino si la teorfa de conocimiento extendido (TCE) puede dar una explicacién com-
plctamentc satisfactoria de la agencia epistémica combinando el externismo activo y el fiabilismo de virtudes. TCE se-
ria una teoria complctamcntc satisfactoria si cxplica cémo los agentes son rcsponsablcs epistémicamente porque tienen
y manifiestan una disposicién cognitiva a responder apropiadamente ante razones derrotantes de su estatus epistémico.
Mi tesis negativa es que TCE no logra este cometido porque sus principios explicativos de primer orden conducen al es-
cepticismo. En consecuencia, la teorfa deberfa abandonarse. Mi tesis positiva, sin embargo, es que TCE puede dar una ex-
plicacién completamente satisfactoria de la agencia si adopta el relativismo epistémico como principio de segundo orden.
Aunque esta maniobra implica revisar la metaepistemologfa detrds de TCE, permite conservar la combinacién de ex-
ternismo activo y fiabilismo de virtudes constitutiva de esta teorfa epistemolégica.

ABSTRACT: 1 examine whether the theory of extended knowledge (TEK) can provide a fully satisfactory account
of epistemic agency by combining active externalism and virtue reliabilism. TEK would be a fully satisfactory theory if
it could explain how agents are epistemically responsible by both having and manifesting a cognitive disposition to ap-
propriately respond to defeating reasons vis-a-vis their epistemic status. My negative thesis is that TEK fails to achieve
this goal because its first-order explanatory principles lead to scepticism. As a result, the theory should be abandoned.
My positive thesis, however, is that TEK can provide a fully satisfactory explanation of agency if epistemic relativism
is adopted as a second-order principle. Although this manoeuvre involves adjusting the metaepistemology underlying
TEK, it makes it possible to retain the combination of active externalism and virtue reliabilism that constitutes this epis-
temological theory.

1. Introduccion

La teorfa de conocimiento extendido (TCE) es la combinacién de externismo activo y fiabilismo de virtudes. Uno de

sus objetivos es explicar la agencia epistémica en la adquisicién de conocimiento mediante procesos de formacién de

creencias, los cuales son realizados por sistemas de cognicién extendida y distribuida. TCE serfa una teoria completa-

mente satisfactoria de la agencia epistémica si explica cémo los agentes son responsables epistémicamente porque tie-

nen y manifiestan una disposicién cognitiva a responder apropiadamente ante razones derrotantes de su estatus epis-

témico. En este articulo evalto a TCE como teoria de la agencia epistémica y defiendo las siguientes dos tesis.
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Mi tesis negativa es que TCE no puede dar una explicacién completamente satisfactoria de la agencia epistémica
porque sus principios explicativos llevan conjuntamente al escepticismo. Este hecho confronta a sus defensores
con un dilema: TCE debe abandonarse si renuncian a sus principios de primer orden o TCE puede conservarse si
renuncian a sus principios de segundo orden. Mi sugerencia es optar por la segunda opcién del dilema porque lo
mids prudente es ajustar la metaepistemologia de una teoria epistemoldgica antes de rechazar dicha teoria. Asi, mi
tesis positiva es que, si TCE acepta el relativismo epistémico, entonces puede dar una explicacién completamente
satisfactoria de la agencia epistémica sin caer en el escepticismo. Esto implica renunciar al absolutismo epistémico
como principio de segundo orden, pero permite preservar la combinacién de externismo activo y fiabilismo de
virtudes.

La seccién 2 presenta el externismo activo y el fiabilismo de virtudes como principios de primer orden de TCE. La
seccion 3 explica como TCE daria cuenta de la agencia epistémica a partir de estos principios, especificando qué
tiene que cumplir esta teorfa para dar una explicacién completamente satisfactoria de este fendmeno. La seccién 4
propone un argumento escéptico que establece mi tesis negativa: TCE no puede dar una explicacién completamente
satisfactoria de la agencia epistémica porque la combinacién de externismo activo y fiabilismo de virtudes conduce
al escepticismo. La seccién 5 defiende mi tesis positiva: TCE puede dar una explicacién completamente satisfactoria
de la agencia epistémica adoptando el relativismo epistémico como principio de segundo orden. Si esta linea de ar-
gumento funciona, TCE puede dejar intactos sus principios explicativos de primer orden con hacer un solo ajuste en
su metaepistemologia.

2. Conocimiento extendido

TCE emplea sistemdticamente los recursos del externismo, tanto en filosoffa de la mente como en epistemologia,
para estudiar las dimensiones artefactual y social del conocimiento. TCE consiste en la combinacién de dos princi-
pios explicativos de primer orden: externismo activo, sobre la extensién y distribucién de la cognicidn, y fiabilismo de
virtudes, sobre el estatus epistémico de los procesos de formacién de creencias.

2.1. EXTERNISMO ACTIVO

Este principio establece que la cognicién puede ampliarse mds alld del organismo de los individuos a través del uso
de artefactos y de la cooperacién con otros individuos. En términos técnicos:

(EXTERNISMO ACTIVO) Los procesos cognitivos estdn centrados en las facultades orgdni-
cas de agentes individuales, pero también estdn extendidos en artefactos que los agentes emplean
y distribuidos entre otros individuos con los que cooperan, interactuando continua y reciproca-
mente unos con otros.

La idea de que la cognicién no es exclusivamente intraorgdnica se basa en dos hipétesis de las ciencias cognitivas, las
cuales consideran sistemas y procesos cognitivos como unidades de andlisis apelando a la teorfa de sistemas dindmi-
cos (Palermos, 2014b). Primero, la hipétesis de cognicion extendida enfatiza que los artefactos son extensiones del
sistema cognitivo de un agente, de modo que un sistema cognitivo puede incluir artefactos como partes propias del
mismo. Por ejemplo:

Caso #1: Observacion telescdpica. Galileo cree que Venus tiene fases como la Luna haciendo obser-
vaciones a través del telescopio. Inicialmente, sélo logra ver una imagen borrosa y distorsionada
de Venus. Minutos después, bajo condiciones atmosféricas més favorables, estabiliza la montura
y ajusta los lentes del telescopio, moviéndolo cuidadosamente hasta obtener una imagen nitida
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del planeta en el ocular. Finalmente, dibuja la forma de Venus en una hoja de papel, mirando var-
ias veces la imagen que aparece en el ocular hasta completar un dibujo preciso de la misma. Gali-
leo repite este mismo proceso durante meses, obteniendo reportes observacionales de las distintas
fases de Venus segun su posicion respecto del Sol.!

Este caso ilustra un proceso cognitivo extendido realizado por un sistema cognitivo igualmente extendido. El sistema
extendido estd compuesto por el agente (sus facultades cognitivas orgdnicas) y el artefacto externo que emplea (el te-
lescopio). En la medida en que Galileo interactiia continua y reciprocamente con el telescopio, ambos conforman un
sistema cognitivo acoplado que genera un proceso cognitivo extendido. Este proceso estd integrado apropiadamente al
cardcter cognitivo del agente, quien emplea dicho proceso para formar una creencia especifica.?

Por su parte, la hipétesis de cognicion distribuida subraya que los procesos cognitivos también estdn distribuidos en-
tre los miembros de un grupo, de modo que un sistema cognitivo puede incluir otros individuos como partes pro-
pias. Por ejemplo:

Caso #2: Validacion de datos. Belarmino escribe una carta a los matemiéticos del Colegio Ro-
mano solicitando validar los reportes observacionales de Galileo. Clavio se retine con los demas
expertos y les dice: «Bueno, hemos estado observando a Venus con nuestros telescopios du-
rante algin tiempo>, y luego pregunta: «Grienberger, ;cudl era la forma de Venus vespertino
cuando alcanzé su maxima elongacién? La mediste con el cuadrante que construiste, ¢no?»
Grienberger responde: «Si, medi su elongacién y vi con mi telescopio que habia pasado de gi-
bosa a creciente». Lembo, uno de sus estudiantes, agrega: «Correcto, y aproximadamente un
mes después, lo observamos como una delgada medialuna menguante, que se hacia cada vez
més grande en tamafo aparente». Clavio pregunta: «Y td, Maelcote, ;qué recuerdas?>» El re-
sponde: «Cerca de cinco meses después de las mediciones de Grienberger, observé a Venus
como estrella de la mafana, en fase de creciente, con su parte iluminada aumentando a medida
que su didmetro aparente se reducia, y también pude determinar con el cuadrante que estaba
proximo al otro punto de méxima elongacién». Grienberger interpela a los demds: «¢Tam-
bién notaron que la parte iluminada de Venus siempre estaba de cara al Sol?» Los tres asinti-
eron: «jAsi es!» Entonces Lembo exclama: «jTodo esto sugiere que su centro de movimiento
es el Sol, asi como la Tierra es el centro de movimiento de la Luna!». Clavio afade: «Si... Los
matemdticos tendremos que revisar el modelo Ptolemaico a la luz de estos datos... El punto im-
portante, para responder a Belarmino, es que nuestras observaciones coinciden con las de Gal-
ileo». Dias después, Belarmino recibe en su despacho del Santo Oficio una carta firmada por
los cuatro matemdticos donde validan los reportes observacionales de Galileo, formando asi la
creencia sobre las fases de Venus.

Este caso ilustra un proceso cognitivo distribuido realizado por un sistema de cognicién distribuida. Dicho sis-
tema estd compuesto por los agentes individuales y los artefactos como sus extensiones cognitivas.? En la medida

Todos los casos considerados en este articulo derivan del famoso episodio histérico de Galileo usado con frecuencia en los debates sobre
relativismo en epistemologfa (ej. Baghramian & Coliva, 2019; Bland, 2018; Boghossian, 2006; Kusch, 2021). Mis reconstrucciones es-
quemdticas se basan directamente en fuentes histéricas primarias y secundarias autorizadas, incluyendo Biagioli (1993, 2006), Biancani
(1620), Carolino (2008), Dear (1987), Feldhay (1995), Galilei (1610/1989, 1890-1909), Gorman (2020), Lattis (1994), Scheiner (1612),
van Helden (1996) y Westfall (1985, 1989).

La idea general es que, «en estos casos, el organismo humano estd vinculado a una entidad externa en una interaccién bidireccional que
crea un sistema acoplado que puede verse como un sistema cognitivo en sentido propio» (Clark & Chalmers, 1998, p. 8).

3 Ladiferencia entre «extensién» y «distribucion» es sélo de énfasis, pues la hipétesis de cognicion distribuida también tiene en cuenta a
los artefactos como extensiones cognitivas: esta hipdtesis «amplia el alcance de lo que se considera cognitivo mas alla del individuo para in-
cluir interacciones entre personas y con recursos y materiales en el ambiente» (Hollan e /., 2000, p. 2). A lo largo del articulo me referiré
a sistemas cognitivos «extendidos y distribuidos» porque TCE adopta tanto la hipdtesis de cognicién extendida como la hipétesis de cog-

nicién distribuida.
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en que los matemdticos interactdan continua y reciprocamente entre si (junto con sus telescopios y cuadrantes),
constituyen un sistema cognitivo mds amplio que consiste en el acoplamiento de las facultades cognitivas orgd-
nicas de estos agentes, generando asi un proceso cognitivo distribuido. Aunque un proceso distribuido puede
estar integrado apropiadamente al cardcter cognitivo de uno solo de sus agentes individuales para producir una
creencia particular (por ejemplo, integrarse al cardcter cognitivo de Clavio para formar la creencia de que el mo-
delo Ptolemaico es revisable), el acoplamiento de los caracteres cognitivos individuales «permite la existencia de
caracteres cognitivos distribuidos [...] que emerge de las interacciones socio-epistémicas de los miembros del
grupo» (Palermos & Pritchard, 2016, p. 118). Por ejemplo, las interacciones entre los matemdticos del Cole-
gio Romano dan lugar a un sistema cognitivo que es diferente a la suma de las facultades cognitivas orgdnicas de
cada matemdtico.

Hay que destacar algunos aspectos generales detrds de las dos hipdtesis anteriores. Un sistema cognitivo se con-
cibe como un conjunto de elementos interrelacionados que constituyen el cardcter cognitivo de un agente. La
interaccién dindmica entre esos elementos genera y se basa en procesos cognitivos de distinto tipo, y los siste-
mas se individdan a partir de los procesos cognitivos que realizan. El cardcter cognitivo consta principalmente
de las facultades cognitivas orgdnicas «del cerebro/sistema nervioso central, incluyendo las facultades perceptua-
les naturales, la memoria y el sistema doxdstico en general» (Palermos, 2015, p. 2959). Sin embargo, también se
compone de «métodos adquiridos de investigacién, incluyendo los que involucran entrenamiento altamente es-
pecializado o incluso tecnologia avanzada» (Greco, 1999, p. 287). Adicionalmente, los elementos externos al or-
ganismo, a través de los cuales se extienden y distribuyen los procesos cognitivos, cuentan como partes propias
del sistema cognitivo cuando tiene lugar una integracién cognitiva. Segiin Greco (2010), «la integracién cogni-
tiva es una funcién de la cooperacién e interaccién, o de la interaccién cooperativa con otros aspectos del sis-
tema cognitivo» (p. 152).

Mds precisamente, los agentes integran apropiadamente otros elementos a su cardcter cognitivo a través de la interac-
cidn continua y reciproca en términos de bucles de retroalimentacion. En estos bucles, uno de los elementos constitu-
yentes del sistema cognitivo causa efectos en otro elemento constituyente, que a su vez genera efectos en el compor-
tamiento inicial del uno, a partir del cual se causa un nuevo efecto en el otro, y asi sucesivamente. Como resultado
de esta forma de interaccién, emerge un sistema cognitivo extendido o distribuido mds amplio, cuya existencia debe

postularse por las siguientes dos razones.

La primera es que hay propiedades emergentes irreductibles: 1a interaccién continua y reciproca «genera nuevas propie-
dades sistémicas [...] que pertenecen s6lo al sistema en general y no a los subsistemas contribuyentes por separado»
(Palermos & Pritchard, 2016, p. 113). En Caso #2, ninguno de los matemdticos produce individualmente la creen-
cia sobre la validacién de los reportes observacionales de Galileo, sino sélo la interaccién cooperativa entre todos los
miembros del grupo. La segunda razén es que los elementos constituyentes del sistema son interdependientes: dado que
la interaccién se basa en bucles de retroalimentacidn, es imposible explicar las actividades de alguno de los elementos
del sistema con independencia del sistema completo, pues el comportamiento de un subsistema siempre determina
el comportamiento de otro subsistema (y viceversa) (Palermos, 2014b, pp. 15-18). En Caso #1, el telescopio se iba
ajustando mientras Galileo corregfa simultdneamente sus dibujos, generando distintas retroalimentaciones sucesivas
hasta tener una imagen nitida en el ocular y completar a su vez un dibujo preciso de la figura de Venus en el papel.
Claramente, este proceso cognitivo s6lo puede adscribirse al sistema cognitivo extendido, y las actividades de Galileo
y lo que sucede con el telescopio sélo pueden entenderse en el contexto mds amplio del sistema completo y su diné-
mica.’

Palermos (2014b) desarrolla con mucho detalle esta vision de la interaccion continua y reciproca sobre la base de bucles de retroaliment-
acién, que cuenta en tltimas como criterio de constitucidn de sistemas cognitivos extendidos y distribuidos.

w

Parafraseando a Clark (2008, p. 24), hay un sistema cognitivo més amplio, compuesto por dos subsistemas, Sy O, cuando § afecta continu-

amente a Oy S es afectado simultaneamente por la actividad de O.
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2.2. FIABILISMO DE VIRTUDES

Los procesos de cognicién extendida y distribuida incluyen procesos de formacion de creencias a las que puede adjudi-
carse un estatus epistémico positivo. Para ver como las creencias de un agente satisfacen estindares epistémicos, TCE
recurre a una variante del externismo en epistemologia que permite caracterizar los procesos de formacién de creen-
cias como procesos conducentes al conocimiento. En términos abstractos:

(FIABILISMO DE VIRTUDES) Si S conoce, entonces la creencia de § de que p es verdadera
en virtud de la manifestacién de la habilidad cognitiva del proceso de formacién de creencias, de
modo que el éxito sea atribuido a S. (Palermos & Pritchard, 2016, p. 214)

Este principio concibe el conocimiento en términos de «creencia verdadera acreditable» (Greco, 1999, 2004, 2007,
2010). Segun esta forma de fiabilismo, debe existir una relacién de relevancia explicativa entre el estatus de la creen-
cia verdadera y el estatus del proceso fiable de formacién de esa creencia a fin de evitar la suerte epistémica involu-
crada en los casos Gettier. La idea es que una creencia verdadera cuenta como conocimiento sélo si el sujeto la ha
formado en virtud de cierta habilidad que garantiza que la creencia verdadera no fue adquirida por suerte. Asi, para
tener conocimiento no es suficiente con que un proceso sea fiable (en el sentido de producir un mayor porcentaje
de creencias verdaderas que falsas) ni que un sujeto disponga de algunas habilidades cognitivas como partes integra-
les de su cardcter cognitivo. Antes bien, el conocimiento requiere una relacion causal entre la habilidad y la verdad,
donde la habilidad es la que produce de hecho la creencia verdadera. De esta forma, la creencia verdadera es acredi-
table al agente porque la ha adquirido de manera exitosa mds que afortunada. Para este tipo de fiabilismo, las atribu-
ciones de conocimiento tienen como condicién necesaria las atribuciones de crédito epistémico.

TCE también plantea que un proceso de formacién de creencias es una habilidad cognitiva cuando el agente integra
dicho proceso a su cardcter cognitivo. Para esto, el proceso puede ser una disposicion normal del agente y debe estar
en interaccion continua y reciproca con otros aspectos de su cognicién. En especifico, que el proceso no sea extrafio
ni esporddico en relacién con el cardcter cognitivo del agente, y que el proceso haya conducido al éxito epistémico
del agente en el pasado, permite que ambos interactiien mutuamente entre si de manera continua (Palermos, 2015,
p- 2962). Esta interaccién cooperativa entre el agente y el proceso de formacién de creencias da lugar a la integra-
cién cognitiva en virtud de la cual el proceso es cognitivamente habil, respaldando asi la atribucién de crédito episté-

mico necesaria para el conocimiento.

EXTERNISMO ACTIVO y FIABILISMO DE VIRTUDES guardan una relacién de dependencia que no es tri-
vial. El primero permite caracterizar el segundo para entender el estatus epistémico de los procesos de formacién de
creencias. La idea abstracta es esta: un proceso F es una habilidad cognitiva del agente S que produce la creencia ver-
dadera de que p, porque F estd integrado apropiadamente al cardcter cognitivo de S en la medida en que S interactte
de manera continua y reciproca con F. Asi, la formulacién adecuada de la combinacién de estos dos principios se ex-
presa mejor bajo el siguiente principio débil de agencia cognitiva:

(COGA-WEAK) Si S sabe que p, entonces la creencia verdadera de § de que p es el producto

de un proceso fiable de formacién que estd integrado apropiadamente al cardcter cognitivo de

S, de modo que el éxito cognitivo es acreditable en un grado significativo a su agencia cognitiva.
(Pritchard, 2010, pp. 136-137)

Hay dos presupuestos importantes detrds de COGA-WEAK.® En primer lugar, este principio concibe la agencia
cognitiva como un atributo de seres humanos, que consiste en la capacidad de ejercer control sobre los procesos

¢ Este principio presenta una versién débil de FIABILISMO DE VIRTUDES, pues sélo toma la manifestacién de la habilidad cognitiva
como condicién necesaria del conocimiento y reconoce que existen o#7os factores relevantes aparte de la habilidad que contribuyen al éxito
epistémico del agente. Esto contrasta con versiones fuertes de FIABILISMO DE VIRTUDES, que conciben la manifestacién de la ha-
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de formacién de creencias en términos de integrar, configurar, mantener, monitorear y modificar dichos proce-
sos. La agencia cognitiva es primariamente humana porque la cognicién estd centrada en el organismo. EXTER-
NISMO ACTIVO asume que «el organismo (y dentro del organismo el cerebro/sistema nervioso central) perma-
nece siendo el centro y el elemento més activo», si bien «el procesamiento cognitivo humano (algunas veces) se
extiende en el ambiente que rodea al organismo» (Clark, 2007, p. 192). Ademds, los humanos son quienes reci-
ben adscripciones de crédito epistémico porque tienen intencionalidad. FIABILISMO DE VIRTUDES asume
que las «atribuciones de responsabilidad, elogio o meramente accién neutral (es decir, atribuciones de crédito po-
sitivo, negativo o meramente neutral) se asocian tradicionalmente con agentes intencionales» (Palermos, 2015,

p- 2972).

Sobre esta base, el agente que recibe atribuciones de crédito epistémico puede entenderse en términos tanto indivi-
duales como grupales. Algunas veces, el crédito epistémico se atribuye significativamente a la agencia cognitiva de las
facultades orgdnicas de un sujeto individual. En otras ocasiones, se atribuye mds bien al acoplamiento coordinado de
las facultades cognitivas de los individuos que constituyen un grupo. En Caso #1, Galileo es quien recibe el crédito
por formar la creencia verdadera sobre las fases de Venus con el telescopio. Aqui, «el éxito cognitivo del agente atin
es acreditable significativamente a sus facultades cognitivas orgdnicas, aunque la creencia verdadera sea el producto
de un proceso extendido» (Palermos, 2015, p. 2963). En Caso #2, Clavio recibe crédito epistémico por formar la
creencia sobre los reportes observacionales de Galileo como producto del proceso distribuido del conjunto de mate-
miticos del Colegio Romano. El crédito restante lo tiene la agencia cognitiva de su comunidad epistémica que «con-
tribuye al desarrollo de dicho proceso de formacién de creencias, proporcionando incluso mds subprocesos de for-
macién de creencias o datos producidos por medio de ellos» (Palermos, 2015, p. 2972).

Con respecto a las atribuciones de crédito epistémico de agentes grupales, la unidad de anilisis sera «caracteres cog-
nitivos distribuidos que consisten en la habilidad cognitiva colectiva que emerge de las interacciones socio-episté-
micas de los miembros del grupo» (Palermos & Pritchard, 2016, p. 118). En Caso #2, la creencia verdadera sobre
los reportes observacionales de Galileo fue producida sélo por el grupo de matemiticos. Por lo tanto, el éxito epis-
témico sblo es acreditable a la agencia colectiva del grupo como un todo. La idea es que «el éxito cognitivo colectivo
de creer la verdad de alguna proposicion (cientifica) serd todavia acreditable significativamente a la agencia cognitiva
del grupo, esto es, al acoplamiento de las facultades cognitivas de los miembros individuales» (Palermos & Pritchard,
2016, p. 119). Asi, dependiendo de cudl sea el foco de la evaluacién epistémica en cada caso, el agente epistémico
puede especificarse como uno de los individuos o como el grupo en general cuando se trata de sistemas cognitivos
extendidos y distribuidos.

El otro presupuesto detrds de COGA-WEAK es que la nocién de interaccién continua y reciproca, que da lugar a la
integracién cognitiva, es un criterio tanto de lo cognitivo como de lo epistémico. Con respecto a EXTERNISMO
ACTIVO, vimos que este criterio facilita la individuacién de sistemas cognitivos extendidos y distribuidos:

Para tener un sistema cognitivo extendido o incluso distribuido [...], todo lo que se requiere es
que los miembros contribuyentes (a saber, los agentes cognitivos relevantes y sus artefactos) in-
teractilen continua y reciprocamente (sobre la base de bucles de retroalimentacién) unos con otros.

(Palermos & Pritchard, 2016, pp. 112-113)

bilidad como condicidn necesaria y suficiente del conocimiento, y proponen que el éxito epistémico del agente es atribuible primariamente
a su agencia cognitiva. Bajo estas versiones fuertes, el principio correspondiente serfa COGA-STRONG, segtn el cual hay conocimiento
siy s6lo si el éxito epistémico de § es primariamente acreditable a su habilidad cognitiva (Pritchard, 2010, p. 137), o su iteraciéon COGA-
STRONG?, donde el éxito epistémico de § como acreditable primariamente a su habilidad cognitiva es sélo condicién necesaria del cono-
cimiento (Pritchard, 2010, p. 140). En todo caso, Pritchard (2010, pp. 148-149) sostiene que COGA-WEAK es mas adecuado para expli-
car casos de adquisicién de conocimiento con base en procesos de cognicién extendida y distribuida, donde tipicamente la contribucién de

la habilidad cognitiva al éxito epistémico del agente es significativa més que primaria de acuerdo con nuestras intuiciones.
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Con respecto a FIABILISMO DE VIRTUDES, sin embargo, esta interaccién continua y reciproca no es mds que el
criterio de individuacién de procesos conducentes al conocimiento:

De esta manera, podemos decir que la tinica condicidn necesaria y suficiente para que un proceso
cuente como conducente al conocimiento es que el proceso interacttie con el resto del cardcter

cognitivo del agente. (Palermos, 2014a, p. 1941)

Por lo tanto, hay una caracterizacién de FIABILISMO DE VIRTUDES en términos de EXTERNISMO ACTIVO
de acuerdo con COGA-WEAK. TCE da cuenta de la agencia epistémica con base en esta combinacién de principios
explicativos.

3. Agencia epistémica

Dado que COGA-WEAK estd en las coordenadas del externismo epistemoldgico, TCE concibe la agencia episté-
mica en términos condicionales:

Si el proceso de formacién de creencias interactiia cooperativamente con otros aspectos del sis-
tema cognitivo, aquel puede monitorearse continuamente en un segundo plano, de modo que,
si hay algtin error con el mismo, entonces el agente serd capaz de detectarlo y responder apropi-
adamente. De otro modo, si el agente no tiene razones negativas sobre su proceso de formacién
de creencias, puede estar justificado subjetivamente en emplear el proceso relevante por defecto,
incluso si carece en absoluto de razones positivas de si el proceso es fiable o de por qué lo serfa.

(Palermos, 2015, p. 2961)

COGA-WEAK rescata la responsabilidad epistémica del agente. El agente es responsable epistémicamente frente
a sus compromisos doxdsticos aun cuando no posea evidencia a favor de la habilidad cognitiva de proceso de for-
macién de creencias. El fiabilismo de procesos ha ensefiado que un sujeto es inocente epistémicamente al adquirir
creencias con base en un proceso fiable de formacién, a menos que se demuestre que el proceso es culpable episté-
micamente y aun cuando ese sujeto no tenga razones positivas a favor de su inocencia (Alston, 1982, p. 7; ver tam-
bién Goldman, 1986). Sin embargo, el fiabilismo de procesos mds conservador sostiene que las atribuciones de co-
nocimiento no tienen como condicién necesaria las atribuciones de crédito epistémico (Kornblith, 2016). Un sujeto
tiene conocimiento si su creencia estd justificada objetivamente porque ha sido el resultado de un proceso fiable. Sin
embargo, el sujeto no estd justificado subjetivamente porque no puede dar cuenta de la fiabilidad de su proceso de for-
macién de creencias. Por ejemplo, Belarmino tuvo conocimiento de los reportes observacionales de Galileo. Sin em-
bargo, no recibe ningtin crédito epistémico porque al parecer no era competente para determinar la fiabilidad del
conjunto de observaciones astronémicas del Colegio Romano que validaron dichos reportes.

En contraste, COGA-WEAK lleva a tomar la responsabilidad epistémica como un elemento constitutivo del cono-
cimiento, segin el cual «un sujeto debe poseer algiin grado de entendimiento de su fiabilidad, en particular de sus
limitaciones: de cdmo es posible estar equivocado» (Williams, 2015, p. 258). El entendimiento que el agente tiene
sobre el estatus epistémico de sus procesos de formacién de creencias adquiere dos aspectos. De un lado, el agente
es responsable epistémicamente sin tener evidencia a favor de la habilidad cognitiva de su proceso de formacién,
cuando integra dicho proceso a su cardcter cognitivo para formar creencias verdaderas bajo ciertas circunstancias en
las que el uso del proceso ha garantizado el éxito epistémico. En otras palabras, el agente estd justificado subjetiva-
mente al obtener respaldo epistémico prima facie que lo acredita a seguir usando el proceso, porque ha sido epistémi-
camente exitoso en situaciones semejantes y no hay razones negativas de mayor peso para dudar. Por ejemplo, Gali-
leo si recibe crédito epistémico por su conocimiento de las fases de Venus porque, a diferencia de Belarmino, habia
usado previamente la observacién telescépica con los cuatro satélites de Jupiter y otros descubrimientos en su Side-
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reus nuncius (Galilei, 1610/1989). Ademds, ya no tenia razones en contra de la fiabilidad de la observacién telescé-
pica ni de sus observaciones particulares de dichas fases.

De otro lado, el agente es responsable epistémicamente al tener evidencia en contra del proceso de formacién de creen-
cias cuando tiene una disposicion a detectar el error con su proceso de formacién y a responder apropiadamente haciendo
la revisién correspondiente de su compromiso doxastico. En este segundo caso, el agente estd justificado subjetivamente al
ser sensible a razones que ponen en cuestién su respaldo epistémico prima facie. Por ejemplo, los matemdticos del Co-
legio Romano concluyeron que los reportes observacionales de Galileo eran inconsistentes con el modelo Ptolemaico,
usado tradicionalmente para formar creencias sobre el movimiento orbital de Venus. Clavio reconocié la necesidad de
construir un modelo alternativo, y su comunidad epistémica refiné el modelo de Tycho Brahe durante anos hasta acep-
tarlo oficialmente en Sphaera mundi una década mds tarde (Biancani, 1620). Esta disposicién del agente para ejercer con-
trol sobre el proceso de formacién de creencias estd garantizada bajo un presupuesto doble. Primero, el proceso pertenece
al cardcter cognitivo: «el proceso de formacién de creencias estd integrado al carcter cognitivo de uno, de modo que uno
estarfa en posicién de responder si algo estuviera mal (con el proceso)» (Palermos, 2015, p. 2961).” Segundo, las razones
derrotantes son creencias que también pertenecen al cardcter cognitivo: «lo que cuenta como evidencia derrotante no es
independiente de las disposiciones cognitivas de facto del sujeto» (Greco, 2010, p. 167).

Teniendo esto en cuenta, la forma técnica de formular los dos aspectos de la agencia epistémica segin TCE seria la
siguiente. Primero tenemos la agencia epistémica sin derrotantes:

(AGENCIA,)) Si § no tiene razones negativas sobre su proceso de formacién de creencias, F, en-
tonces S es responsable epistémicamente por defecto en creer que p con base en F.

También podemos caracterizar la agencia epistémica ante derrotantes de la siguiente forma:

(AGENCIA,) Si § tiene razones negativas sobre su proceso de formacién de creencias, F, en-
tonces S es responsable epistémicamente al estar dispuesto a detectar el error en F'y a revisar su
creencia de que p basada en F.

Esta caracterizacién, sin embargo, sélo ofrece una explicacién incompleta de la agencia epistémica. AGENCIA,
tendria que reformularse de tal modo que pueda dar cuenta de cémo el agente de hecho detecta el error y revisa su
creencia en virtud de su agencia cognitiva. Aparte de tener la disposicién para hacer ambas cosas, se espera que el
agente sea responsable epistémicamente descubriendo y revisando lo que estd mal. En este caso, el control doxdstico
responsable epistémicamente requiere que la creencia del sujeto esté sujeta a escrutinio critico cuando existen razones
para poner en cuestién el estatus epistémico del proceso de formacién. Para este fin, el agente debe manifestar su dis-
posicidn a revisar su creencia ante razones derrotantes. En términos técnicos:

(AGENCIA*) Si S tiene razones negativas sobre su proceso de formacién de creencias, F, enton-
ces S es responsable epistémicamente al manifestar su disposicidn a detectar el error en Fy a re-
visar su creencia de que p basada en F.

Esta reformulacién es importante porque AGENCIA, implicaria atribuir responsabilidad epistémica a un agente por
el simple hecho de tener la disposicién a responder apropiadamente ante razones derrotantes, incluso cuando no lleve
a cabo dicha respuesta y continue sosteniendo dogmdticamente su creencia de que p con base en F. Por ejemplo, si el
Colegio Romano no hubiese abandonado la creencia de que Venus gira alrededor de la Tierra segin el modelo Prole-

7 Palermos (2014a) también sugiere que la agencia cognitiva se basa en mecanismos de monitoreo y control de procesos cognitivos, en par-
ticular la fluidez: «los sujetos recurren al razonamiento analitico sélo cuando experimentan el efecto metacognitivo de la carencia de flui-

dez» (p. 1942, n.17).
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maico, después de detectar su inconsistencia con los reportes observacionales de Galileo, entonces este agente grupal
no hubiese sido responsable epistémicamente ante esos reportes. En cambio, sabemos que los matemdticos Jesuitas no
s6lo abandonaron dicha creencia, sino que respondieron ante la evidencia observacional desarrollando conjuntamente
un modelo alternativo donde Venus se mueve alrededor del Sol. El Colegio Romano si fue responsable epistémica-
mente como agente grupal manifestando su disposicién a revisar sus compromisos doxdsticos originales.

Asi pues, la agencia epistémica ante derrotantes conjuga estos dos aspectos: tener cierta disposicion cognitiva y mani-
festar dicha disposicion cognitiva. Greco (2010) define la responsabilidad epistémica asi: «La creencia de § de que p es
responsable epistémicamente [...] si y sélo si la creencia de § de que p resulta de las disposiciones intelectuales que
S manifiesta cuando § estd motivado a creer la verdad» (p. 43). De la misma manera que las atribuciones de crédito
epistémico involucran una relacién causal entre la manifestacién de la habilidad cognitiva y el éxito epistémico al for-
mar la creencia verdadera, la responsabilidad epistémica (y el estatus de justificacién subjetiva) implica una relaciéon
del mismo tipo entre la manifestacién de la habilidad y la respuesta apropiada frente a razones derrotantes. AGEN-
CIA* captura este otro aspecto que la concepcién original de TCE sobre la agencia no toma en consideracién.

A primera vista, TCE podria dar cuenta de AGENCIA* con base en sus principios explicativos. Recordemos que su
elemento clave es la idea de que «un proceso de formacién de creencias cuenta como una habilidad cognitiva y, por
lo tanto, como conducente al conocimiento, si y sdlo si es un proceso fiable de formacién de creencias que estd inte-
grado al cardcter cognitivo del agente con base en un proceso de interaccién cooperativa con el mismo» (Palermos,
2014a, p. 1944). Por desgracia, mostraré a continuacién que esta combinacién de EXTERNISMO ACTIVO y FIA-
BILISMO DE VIRTUDES en términos de COGA-WEAK hace que TCE no pueda explicar como el agente exhibe

AGENCIA*. Por lo tanto, TCE no seria una teorfa completamente satisfactoria de la agencia epistémica.

4. Tesis negativa: TCE conduce al escepricismo

La objecién escéptica plantea esto: si TCE caracteriza FIABILISMO DE VIRTUDES a partir de EXTERNISMO
ACTIVO de acuerdo con COGA-WEAK, entonces TCE no puede explicar AGENCIA* sin caer en el escepticismo.

Para justificar esta afirmacidn, el escéptico tiene disponible el siguiente argumento:

(ARGUMENTO GENERAL)

[Premisa 1] S sabe que p sélo si el éxito epistémico de S al formar la creencia verdadera de que p,
con base en un proceso F integrado apropiadamente a su cardcter cognitivo, es acred-
itable significativamentc a su agencia cognitiva.

[Premisa 2] El éxito epistémico de S al formar la creencia verdadera de que p con base en F es
acreditable significativamente a su agencia cognitiva sélo si se satisface el principio de
DISCRIMINACION respecto de AGENCIA* y sélo si se satisface el principio de
NO-DUDA respecto de AGENCIA,.

[Premisa 3] No se satisface el principio de DISCRIMINACION respecto de AGENCIA*.

[Conclusién] Por lo tanto, es falso que el éxito epistémico de S al formar la creencia verdadera de
que p con base en F sea acreditable significativamente a su agencia cognitiva (y, por
lo tanto, es falso que S sabe que p).

No se aprecia ninguna relacién obvia entre las premisas de este argumento y lo que la objecién escéptica plantea.
Hace falta hacer explicitas las razones que justifican algunas de las premisas para ver la conexién. Si [Premisa 1] es

simplemente otra manera de formular FIABILISMO DE VIRTUDES, la solidez de ARGUMENTO GENERAL

reside en los elementos adicionales que introduce en [Premisa 2] y [Premisa 3].
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4.1. SEGUNDA PREMISA ESCEPTICA

[Premisa 2] El éxito epistémico de S al formar la creencia verdadera de que p, con base en un proceso
F integrado apropiadamente a su cardcter cognitivo, es acreditable significativamente a su agencia
cognitiva solo si se satisface el principio de DISCRIMINACION respecto de AGENCIA*]...].

Esta afirmacién tiene que ver con las condiciones minimas (aunque suficientes) bajo las cuales la habilidad cognitiva
explica de manera relevante el éxito epistémico del agente. Segiin FIABILISMO DE VIRTUDES, la relacién entre
el estatus epistémico de las creencias y el estatus epistémico de los procesos de formacién de creencias es una relacion
de explicacidn: una creencia verdadera adquiere el estatus de conocimiento sélo si fie producida gracias a la manifesta-
cion de la habilidad cognitiva (Palermos, 2015, pp. 2960-2961; Palermos & Pritchard, 2016, pp. 113-114). De igual
manera, un agente merece adjudicacién de crédito epistémico si emplea procesos que son conducentes al conoci-
miento en tanto que dichos procesos cuentan como sus habilidades cognitivas (Pritchard, 2010).

Sobre esta base, ARGUMENTO GENERAL toma la explicacién del éxito epistémico como una explicacién contras-
tiva (Garfinkel, 1981; Lipton, 1990). Para entender cémo un proceso que produce una creencia verdadera cuenta
como una habilidad cognitiva (de modo que el agente merezca adjudicacién de crédito epistémico por formar dicha
creencia), no es suficiente con que la habilidad cognitiva produzca la creencia verdadera, sino que ademds dicha ha-
bilidad sea el explanans relevante de la creencia verdadera. En otras palabras, la explicacién del éxito epistémico no
consiste en saber Ginicamente por qué el proceso es cognitivamente hdbil, sino mds bien en saber por qué el proceso
es conducente al conocimiento e contraste con al menos otro proceso que, si bien es potencialmente hébil para gene-
rar la creencia verdadera, no es conducente al conocimiento.

Adicionalmente, esta explicacién contrastiva ha de satisfacer dos condiciones minimas que pueden formularse en los
siguientes términos: la habilidad cognitiva explica el éxito epistémico del agente S al formar la creencia verdadera de
que p, con base en un proceso F integrado apropiadamente a su cardcter cognitivo, si y sélo si: (a) S cree que p con
base en Fy (b) S excluye otros procesos distintos a F, ya sea porque se cumple alguno de los siguientes dos principios
en conformidad con AGENCIA, y AGENCIA*. Este es el principio correspondiente a AGENCIA :

(NO-DUDA) No hay otros procesos potencialmente hébiles que llevan a § a dudar que el pro-
ceso F, con base en el cual formd la creencia de que p, es conducente al conocimiento.

Y este es el principio correspondiente a AGENCIA*:

(DISCRIMINACION) S discrimina el proceso que es cognitivamente hébil cuando hay otros
procesos potencialmente habiles que llevan a § a dudar que el proceso F, con base en el cual
formo la creencia de que p, es conducente al conocimiento.

El agente debe satisfacer NO-DUDA a fin de ser responsable epistémicamente de acuerdo con AGENCIA,. La
agencia epistémica sin razones derrotantes sdlo requiere que el agente esté justificado subjetivamente en continuar em-
pleando el proceso integrado a su cardcter cognitivo a menos que tenga buenas razones para dudar del mismo. Sin
embargo, NO-DUDA no tiene por qué satisfacerse en aquellas situaciones donde el agente encuentra buenas razo-

nes para dudar de su proceso de formacién de creencias. Ante razones derrotantes, el agente ha de satisfacer DIS-
CRIMINACION para ser responsable epistémicamente en términos de AGENCIA*,

En este segundo caso, el agente es responsable epistémicamente porque no sélo tiene la disposicién a descubrir que
hay un error con su proceso de formacién de creencias y a revisar criticamente su compromiso doxdstico, sino que
también manifiesta las disposiciones relevantes para ejecutar dicha tarea. En particular, el agente se entera de que hay
otros procesos potencialmente hébiles y entonces discrimina el proceso que es conducente al conocimiento. Es im-
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portante senalar que la creencia en la existencia de otros procesos potencialmente hdbiles es una razén que derrota
la justificacién subjetiva que el agente tenfa al emplear por defecto su proceso de formacién de creencias. Con la sa-
tisfaccién de DISCRIMINACION se restaura su respaldo epistémico prima facie. De ahi que, en situaciones donde
hay procesos alternativos potencialmente habiles, no es suficiente con que el agente esté en posicién de responder
apropiadamente. Antes bien, también se requiere que, con base en manifestar sus disposiciones cognitivas, el agente
identifique el proceso relevante que explica el éxito epistémico luego de haber adquirido razones derrotantes en su
contra.?

Para entender mejor la conexién entre DISCRIMINACION y AGENCIA*, hay que precisar las razones que lleva-
rian al agente a poner en cuestion su respaldo epistémico prima facie. Existen al menos dos tipos:

(R1) Evidencia derrotante de primer orden: S duda de su proceso de formacién de creencias cuando tiene evidencia de
una inconsistencia (A) entre la creencia de que p formada a partir de ese proceso y otro elemento de su propio
conjunto de creencias, o (B) entre la creencia de que p formada a partir de ese proceso y la creencia de que ~p ad-

quirida por otro agente con base en un proceso de formacién de creencias diferente.

(R2) Evidencia derrotante de segundo orden: S duda de su proceso de formacién de creencias cuando tiene evidencia de
la existencia de procesos alternativos, los cuales (C) fueron tomados como exitosos en el pasado y son rechazados

en el presente, o (D) se emplean en el presente y estdn en conflicto con su proceso de formacién de creencias.’

(R1) es una formulacién general de la subdeterminacién, (A) cuando es holista y (B) cuando es contrastiva en ca-
sos de desacuerdo epistémico. Un ejemplo de (A) seria el de un cientifico que encuentra una inconsistencia entre
las predicciones de su teorfa en contrastacién y los datos experimentales que obtuvo a partir de la ejecucién coordi-
nada del experimento por parte de su grupo de investigacién. Un ejemplo de (B) serfa cuando otro cientifico, que
ha corroborado una hipétesis mediante un experimento con su equipo de trabajo, encuentra un articulo recién pu-
blicado de otro grupo de investigacién que ha replicado el experimento original con resultados inconsistentes con
su propia hipétesis. La evidencia derrotante de primer orden es un lugar comdn en nuestras précticas (cientificas) or-
dinarias.

(R2) tiene que ver con una situacién un poco mds compleja. La evidencia derrotante de segundo orden es aquella que
el analista de las pricticas (cientificas) ordinarias pone a disposicién del actor de dichas practicas. Esta evidencia ame-
naza la legitimidad de la inferencia eliminativa involucrada en las explicaciones contrastivas en casos importantes. El

Asi, sentimientos metacognitivos fiables de monitoreo y control, en particular el «sentimiento de error» determinado por la experiencia
de fluidez (Fernandez Cruz et al., 2016; Schwartz & Jemstedt, 2021), jugarfan un papel sintomitico en la respuesta apropiada del agente
ante la razdn derrotante: el agente dezecta el error a partir de experimentar dicho sentimiento metacognitivo y con base en este indicador
revisa su compromiso doxastico valiéndose de sus procesos cognitivos. Mds precisamente, la duda que el agente tiene respecto de su pro-
ceso de formacion de creencias después de creer que hay otros procesos alternativos potencialmente hébiles vendra acompanada del sen-
timiento de error determinado por la falta de fluidez. Con base en este sentimiento metacognitivo, la estrategia cognitiva que el agente de-
cidira ejecutar para responder a la razén derrotante consiste en discriminar el proceso que es conducente al conocimiento. Como con todo
sentimiento metacognitivo, la falta de fluidez es una mera «sefal>» de error que motiva al agente a emplear otros procesos cognitivos para
resolver el problema. Sin embargo, la metacognicién del agente no se encarga de cjecutar la estrategia cognitiva para remediarlo. La discrim-
inacidn es la estrategia cognitiva en este caso. De hecho, la discriminacion podria entenderse como una disposicion cognitiva del agente
cuya manifestacion emplearia herramientas cognitivas adicionales, entre ellas el razonamiento analitico. Agradezco a un revisor andénimo
de THEORIA por pedirme aclarar este punto.

9  Esta taxonomia de razones derrotantes se concentra en derrotantes psicoldgicos socavadores: creencias que el agente posee actualmente y
que derrotan el estatus epistémico del proceso de formacién de creencias. Desde esta vision, los derrotantes psicolégicos tienen fuerza
normativa porque forman parte del cardcter cognitivo del agente. Recordemos que «lo que cuenta como evidencia derrotante no es in-
dependiente de las disposiciones cognitivas de facto del sujeto», sino que es «parcialmente una funcién de los hechos contingentes so-
bre el sujeto y su cardcter cognitivo» (Greco, 2010, p. 167). Sobre tipos de derrotantes, ver Pollock & Cruz (1999, pp. 196-197) y Sud-
duth (2008).
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ejemplo paradigmdtico de (C) es el argumento de las alternativas inconcebidas basado en evidencia histérica (Stan-
ford, 2006). La metaevidencia derrotante aqui es que los agentes de hoy no conciben procesos cognitivamente hdbiles,
alternativos y lo suficientemente distintos a los procesos con los que forman sus creencias actuales, tal y como los agen-
tes del pasado no concibieron los procesos que los agentes de hoy emplean para formar esas creencias. Los ejemplos
de (D) son los mismos casos de desacuerdo epistémico que (B) tiene en cuenta. Sin embargo, aqui la metaevidencia
derrotante es el reconocimiento de /z existencia de desacuerdo mis que el reconocimiento de evidencia que derrotaria
el estatus epistémico del proceso de formacién de una de las partes rivales.

La funcién de (R1)-(R2) es mostrar al agente que algo anda mal con su proceso de formacién de creencias. Asi, se
espera que el agente responda apropiadamente frente a su compromiso doxdstico segun el tipo de razones (A)-(D).
Sin embargo, es importante sefialar que no todas las razones derrotantes que cabrian dentro de estas cuatro opciones
serfan relevantes de acuerdo con [Premisa 2]. El escéptico necesita considerar Ginicamente alternativas existentes de
procesos de formacién de creencias para definir el espacio de posibilidades relevantes. El escéptico puede conceder
que las «fantasfas cartesianas» son alternativas escépticas implausibles, de modo que constituyen posibilidades remo-
tas que no ponen en cuestion el respaldo epistémico prima facie. Esto permite diferenciarlas de los casos de practicas
(cientificas) ordinarias que serfan relevantes para tomar ARGUMENTO GENERAL seriamente.

Es fécil apreciar esta diferencia. De un lado, los escenarios escépticos no clasificarfan dentro de (R1). Es implausible
que algin agente incluya una hipdtesis escéptica en su conjunto de creencias, hipdtesis que estarfa en contradiccién
con otras de sus creencias ordinarias. Lo mismo seria aplicable al caso implausible de que un agente encuentre a otro
agente que estd en desacuerdo con él porque este tltimo suscribe una hipétesis escéptica. De otro lado, los escenarios
escépticos tampoco clasificarian dentro de (R2). La razdn es simple: no tenemos evidencia de que haya, haya habido
o podria haber un proceso de formacién que respalde la creencia en un escenario escéptico, que ademds compita con
procesos que los agentes emplean en el presente. En contraste, la evidencia que apoya el problema de las alternativas
inconcebidas o el problema de la existencia de desacuerdo muestra procesos alternativos que realmente han sido usa-
dos o se emplean en la actualidad. La historia de la ciencia proporciona este tipo de evidencia.

Para resumir: el agente debe satisfacer DISCRIMINACION para ser responsable epistémicamente de acuerdo con
AGENCIA*. Ante razones que ponen en duda su proceso de formacién de creencias, el agente responde apropiada-
mente revisando su compromiso doxdstico cuando identifica el proceso cognitivamente hébil que es relevante para
explicar su éxito epistémico al formar la creencia verdadera. Esta discriminacién que el agente hace del proceso con-
ducente al conocimiento se basa en la explicacidn contrastiva de la habilidad cognitiva.

4.2. TERCERA PREMISA ESCEPTICA
[Premisa 3] No se satisface el principio de DISCRIMINACION respecto de AGENCIA™.

:Cémo discriminarfamos, en el espacio de posibilidades relevantes, aquel proceso de formacién de creencias que ex-
plica el éxito epistémico al formar la creencia verdadera? Recordemos que «todo lo que necesitamos para aceptar que
un proceso es conducente al conocimiento es que esté integrado al cardcter cognitivo del sujeto al interactuar coo-
perativamente con éb» (Palermos, 2014a, pp. 1942-1943). Si esto es asi, identificar la habilidad cognitiva para hacer
la discriminacién correspondiente consistiria en individuar la integracion cognitiva apropiada de la cual la habilidad
es una funcién. Para este fin, la condicién de integracién cognitiva en COGA-WEAK puede interpretarse conside-
rando dos niveles de individuacién. Este es el primero:

(INTEGRACION DE GRANO GRUESO) S integra apropiadamente el proceso de for-
macion de creencias, F, a su cardcter cognitivo, siy sélo si: S y Finteractian continua y recipro-
camente con base en bucles de retroalimentacidn, bajo la precondicion de que F es una disposicién
normal de S.
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Para identificar la habilidad cognitiva, la interaccién continua y reciproca serfa el tnico criterio relevante de indivi-
duacién de la integracién cognitiva entre el agente y su proceso de formacién de creencias. Mientras que la norma-
lidad y la disposicionalidad del proceso son tinicamente «precondiciones précticas» que facilitan la integracién cog-
nitiva, «el efecto decisivo de la integracién cognitiva [...] s6lo estard garantizado si el cardcter cognitivo del agente
interactiia mutuamente con el proceso relevante» (Palermos, 2014a, p. 1941). Bajo esta interpretacién, el agente sa-
tisfaria DISCRIMINACION mediante la especificacién del proceso que interactia continua y reciprocamente con
su cardcter cognitivo, interaccion facilitada por el hecho de que el proceso es una disposicién normal del agente para

formar creencias.

Sin embargo, INTEGRACION DE GRANO GRUESO es demasiado f4cil de satisfacer. Esta interpretacién de la
integracién cognitiva apropiada conlleva el siguiente problema: el agente seria incapaz de discriminar el proceso de
formacién de creencias que es conducente al conocimiento en la medida en que existan procesos alternativos, rele-
vantes para un mismo conjunto de creencias verdaderas, que son disposiciones normales del agente y que interac-
tlian continua y reciprocamente con su cardcter cognitivo. Consideremos otro caso:

Caso #3: Confirmacion de hipdtesis. El matematico Castelli formé la creencia sobre las fases de
Venus después de predecirlas usando el modelo Copernicano y pregunté a su maestro Galileo
si habia observado telescdpicamente este fendmeno. Galileo no sélo respondié publicamente
que sus observaciones telescopicas individuales confirmaban el modelo Copernicano, sino que
se atribuyé exclusivamente haber descubierto con dichas observaciones que Venus gira alrede-
dor del Sol y que las manchas solares son objetos reales. Mientras tanto Scheiner (1612), un Jes-
uita que colaboraba con las investigaciones del Colegio Romano desde Alemania, afirmé publi-
camente haber descubierto que las manchas solares eran objetos reales. Ademds, enfatizé que
la verdad de este descubrimiento y de las fases de Venus estaba respaldada en sus observaciones
personales y las de sus colaboradores, asi como en la autoridad epistémica de otros matemdticos
y filésofos naturales.

Este caso ilustra tres procesos de formacién de creencias que satisfacen INTEGRACION DE GRANO GRUESO,
pero donde no puede especificarse con claridad cudl de ellos es la habilidad cognitiva que explica el éxito epistémico.
Los tres procesos eran disposiciones normales de los agentes, pues todos habian aceptado el uso de modelos mate-
mdticos para hacer predicciones verdaderas sobre el mundo fisico y de telescopios para obtener datos observaciona-
les. Aun mds importante, los agentes interactuaron cooperativamente con los modelos,'® con sus telescopios y con
otros agentes para formar creencias verdaderas. Sin embargo, ;cudl de los tres procesos merece adjudicacién de cré-
dito epistémico? Sabemos que Galileo no reconocié ningtn papel al proceso inferencial de Castelli, atribuyendo el
crédito epistémico tinicamente a sus observaciones telescopicas individuales en cuanto proceso extendido de forma-
cién de creencias. También sabemos que Galileo acusé de plagio a Scheiner sobre las manchas solares, que tampoco
reconocio la fiabilidad de las observaciones de los Jesuitas en cuanto proceso distribuido de formacién de creencias, y
que rechazé la autoridad epistémica de las comunidades matemdtica y filoséfica. En cambio, Scheiner si dio crédito
epistémico a estas comunidades, no sélo a si mismo o a Galileo.

En términos generales, hay un gran nimero de procesos asociados a la produccién de un mismo conjunto de creen-
cias verdaderas particulares que cumplen con el criterio de interaccién cooperativa més las precondiciones practicas
que facilitan esa interaccién. La manera como INTEGRACION DE GRANO GRUESO tipifica los procesos de
formacién de creencias es tan general que el agente no estard en posicién de saber cudl es el proceso cognitivamente
habil que explica el éxito epistémico. En consecuencia, DISCRIMINACION no se cumple en relacién con AGEN-
CIA*. Este diagndstico no es mds que el problema de la generalidad endilgado a las teorfas fiabilistas (Conee & Feld-

10 Palermos (2015) propone que las teorfas cientificas «también cuentan como procesos de formacién de creencias que pueden extender el

cardcter cognitivo del agente més alld de sus facultades cognitivas orgénicas» (p. 2966).
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man, 1998). TCE enfrenta una versién especial de esta objecién si concibe la integracién cognitiva apropiada en tér-
minos de INTEGRACION DE GRANO GRUESO. La razén es que la interaccion continua y reciproca basada en
bucles de retroalimentacion bajo precondiciones prdcticas no ofrece un criterio principioso que permita especificar el ni-
vel relevante de integracién cognitiva para identificar la habilidad cognitiva. El escéptico insiste en que la interaccién
cooperativa, aunque permite individuar procesos cognitivos del agente, no es suficiente para individuar sus procesos
cognitivos relevantes epistémicamente.!

La salida a esta dificultad serfa considerar la integracion cognitiva apropiada con base en un segundo nivel de indivi-
duacién:

(INTEGRACION DE GRANO FINO) § integra apropiadamente el proceso F a su carécter
cognitivo si y s6lo si: § y F interacttan continua y reciprocamente con base en bucles de retroali-
mentacion, bajo la precondicién de que F es una disposicion normal de S, e funcidn de los inter-
eses y objetivos pragmdticos que operan en el contexto de la prictica epistémica donde S forma creen-
cias con base en F.12

Seglin esta interpretacion, los objetivos e intereses del agente en el marco de su prictica epistémica son relevan-
tes para individuar la integracién cognitiva apropiada requerida para que un proceso sea cognitivamente habil.
Como Greco (2007) sostiene, los pardmetros para especificar el nivel relevante de integracién cognitiva «se defi-
nen por los intereses y propésitos que operan en el contexto relevante del razonamiento practico» (p. 62). En este
caso, dentro de un conjunto de procesos cognitivos, el agente discrimina aquel proceso de formacién de creencias
que es relevante epistémicamente dependiendo del contexto de razonamiento prictico. En determinados contextos
y para ciertos propdsitos, un proceso serd cognitivamente hébil, pero no lo serd en otros contextos y para propdsi-
tos diferentes.

En relacién con Caso #3, sabemos que la ciencia de la época estaba configurada por las dindmicas y valores del sis-
tema de patrocinio de la cultura cortesana en el marco del absolutismo politico. Esta cultura patrocinaba cientificos
para trabajar en la adquisicién de verdades novedosas y promovia disputas entre ellos con el fin de legitimar su esta-
tus social. La prictica epistémica de Galileo, en la cual se enmarca su proceso extendido de formacién de creencias,
incluia el objetivo de establecerse a si mismo a los ojos de la nobleza y la Iglesia como la tinica autoridad epistémica
en matemdticas y filosoffa natural en competencia con los Jesuitas. Por su parte, el proceso distribuido de formacién
de creencias de Scheiner fue cognitivamente hdbil relativo a otra practica epistémica, cuyo propésito general era con-
vertir al Colegio Romano en la maxima autoridad cientifica ante las cortes y el papado, desplazando asi la figura de
Galileo de la escena.

Este caso involucra dos razonamientos pricticos diferentes, donde la motivacién de ambos agentes por adquirir ver-
dades novedosas como las fases de Venus y las manchas solares fue congruente con los propésitos e intereses de sus

El problema de la generalidad es principalmente una dificultad para la evaluacién epistémica como tarea de los epistemélogos. Sin embargo,
también es un problema para los agentes epistémicos cuando ellos mismos son quienes evaltian sus propias creencias, como sucede cuando
son responsables epistémicamente de acuerdo con AGENCIA*. Asi, el problema de la generalidad se convierte en un obstaculo tanto para
los defensores de TCE como para los agentes mismos. Contrariamente, Goldman (2021) sostiene que la generalidad no es un problema ni
para las teorias fiabilistas ni para los agentes epistémicos. Sin embargo, su argumento no funciona en relacién con casos de agencia ante der-
rotantes.

12 INTEGRACION DE GRANO GRUESO ¢ INTEGRACION DE GRANO FINO no deben confundirse con COGA-WEAK y las dos
variantes de COGA-STRONG. Las primeras son formulaciones de integracion cognitiva que relacionan la agencia cognitiva con la interac-
cidn continua y reciproca del agente con su proceso de formacién de creencias, mientras que las tltimas son versiones de FIABILISMO DE
VIRTUDES que establecen una relacion entre conocimiento y agencia cognitiva. Por supuesto, dado que TCE caracteriza FIABILISMO
DE VIRTUDES en términos de EXTERNISMO ACTIVO de acuerdo con COGA-WEAK, habria una relacién transitiva entre cono-
cimiento ¢ interaccidn continua y reciproca: si S sabe que p, entonces § interactia continua y reciprocamente con el proceso F al formar la

creencia verdadera de que p con base en F.
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respectivas practicas epistémicas. En general, INTEGRACION DE GRANO FINO implica que los agentes deciden
el nivel de integracion cognitiva que es relevante epistémicamente en funcién de su razonamiento préctico. Ademds,
los propésitos e intereses de las précticas epistémicas no son independientes del cardcter cognitivo de los agentes mis-
mos; simplemente forman parte de los hechos contingentes de la agencia cognitiva de seres humanos (Code, 1987).
Este punto es mucho mds evidente con procesos extendidos y distribuidos que son altamente sofisticados en térmi-
nos epistémicos, como los que producen conocimiento cientifico.

Con INTEGRACION DE GRANO FINO se resuelve el problema de la generalidad si se admite que «la fiabilidad
es fiabilidad para propésitos particulares» (Williams, 2015, p. 267; ver también Brandom, 1998; Cartwright, 2020;
Kusch, 2002). Ademds, esta solucién pragmatista permitiria la satisfaccién de DISCRIMINACION respecto de
AGENCIA* si el escéptico recurre al problema de la generalidad para motivar [Premisa 3] de ARGUMENTO GE-
NERAL. Sin embargo, incluso si se concede INTEGRACION DE GRANO FINO, el escéptico podria establecer
[Premisa 3] apelando a una de las consecuencias que derivarian de esta respuesta pragmatista a dicho problema. Para
el escéptico, esta maniobra parece abrir la puerta a una forma de relativismo epistémico.

S. Tesis positiva: TCE abraza el relativismo

El escéptico argumenta que, si los criterios de habilidad cognitiva dependen de los objetivos e intereses situados de
los agentes, y si estos objetivos e intereses varfan en las pricticas epistémicas y a través de ellas, entonces la discrimi-
nacién del proceso que es conducente al conocimiento no serfa una eleccién neutral. Antes bien, la discriminacién se
harfa con base en los criterios de habilidad cognitiva relativos a las diferentes practicas epistémicas. Por supuesto, la
discriminacién serfa neutral sélo si hubiese un criterio independiente de habilidad cognitiva para identificar el pro-
ceso relevante que explica el éxito epistémico. El siguiente estdndar captura esta condicidn:

(METAJUSTIFICACION) Cuando hay creencias y/o procesos de formacién en conflicto, ex-
isten formas de arbitrar procesos como cognitivamente habiles que son neutrales e independi-
entes respecto de los caracteres cognitivos. (Seidel, 2014; Kusch, 2017)

Bajo este estandar, DISCRIMINACION se satisface en principio. Sin embargo, el escéptico puede presentar casos
ejemplares en los que METAJUSTIFICACION no se cumple. Me refiero a casos donde existen criterios de habili-
dad cognitiva en conflicto porque dependen de intereses y objetivos diferentes que son relativos a précticas epistémi-
cas rivales. Aunque el escéptico podria motivar esta postura con tan sélo considerar un caso hipotético de desacuerdo
fundamental como una mera posibilidad teérica (Bland, 2018; Hales, 2014; Kusch, 2009), ya he sefialado que AR-
GUMENTO GENERAL funciona si se descartan estas posibilidades remotas. Por esto, el escéptico podria motivar
su posicién mds convincentemente apelando a multiples controversias cientificas ampliamente documentadas y ana-
lizadas en los estudios de la ciencia (ej. Bloor, 2011; Kinzel & Kusch, 2018; Kusch, 2021).

Caso #3 admite claramente un andlisis relativista. Galileo y Scheiner emplearon dos procesos de formacién de creen-
cias diferentes, el uno extendido y el otro distribuido. Con base en estos procesos, ambos agentes formaron las mis-
mas creencias verdaderas, pero también produjeron algunas creencias rivales (por ejemplo, Galileo crefa en el modelo
de Copérnico, mientras que los Jesuitas crefan en el modelo de Brahe). A su vez, estos dos procesos de formacién de
creencias eran relativos a pricticas epistémicas con propésitos e intereses en conflicto. Estos propdsitos e intereses
fueron parte constitutiva de los respectivos caracteres cognitivos de los agentes. Galileo descubria verdades cientifi-
cas novedosas para impresionar a sus patrones, mientras que los Jesuitas lo hacian para impresionar a sus superiores.
Galileo mantenia que la autoridad epistémica residia en él mismo como agente individual, mientras que el Colegio
Romano insistia en que la autoridad recafa en ellos como agente grupal. Galileo cultivaba la humildad epistémica en
términos de oponerse a la pedanteria escoldstica de sus rivales, mientras que Scheiner y Grienberger practicaban la
humildad como forma de abnegacién cristiana. Finalmente, Galileo reclamaba su crédito epistémico como «matemi-
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tico y filésofo» de la corte de los Médici, mientras que el Colegio Romano reclamé ser la comunidad cientifica glo-
bal de la Iglesia que haria frente a la expansién del protestantismo en Europa ante la posicién retrégrada e irrelevante
de los Dominicos. Sin sorpresa, este desacuerdo culminaria con el famoso juicio contra Galileo y su arresto domici-
liario hasta el dia de su muerte.

Sobre esta base, el escéptico diagnostica un problema serio para TCE. Si la condicién de integracién cognitiva en
COGA-WEAK se interpreta bajo INTEGRACION DE GRANO FINO, la satisfaccién de DISCRIMINACION
implica la neutralidad del criterio de habilidad cognitiva o no. Si la implica, entonces TCE no salvaria AGENCIA*
en casos donde METAJUSTIFICACION no se satisface. Esto serfa suficiente para establecer [Premisa 3]. Si no im-
plica la neutralidad del criterio, entonces los defensores de TCE deben argumentar por qué esta consecuencia rela-
tivista no es devastadora de su teoria. En otras palabras, los defensores de TCE deben elegir entre el escepticismo y
el relativismo. Ademds, si optan por el segundo, deben justificar por qué relativizar TCE seria preferible a aceptar la
derrota ante el escéptico. Después de todo, Pritchard (2009, 2015) piensa que la teorizacién epistemoldgica no debe
conducir al escepticismo ni al relativismo.

Este diagnéstico pone sobre la mesa un dilema frente al cual los defensores de TCE deben tomar una decisién.
De un lado, TCE debe abandonarse si renuncian a sus principios de primer orden. Tanto EXTERNISMO AC-
TIVO como FIABILISMO DE VIRTUDES son principios constitutivos de esta teoria. De otro lado, TCE puede
conservarse si renuncian a sus principios de segundo orden. El escéptico ha mostrado que, bajo INTEGRACION
DE GRANO FINO, la interpretacién de la condicién de integracién cognitiva en COGA-WEAK tiene implica-
ciones relativistas. Esto sugiere otro lugar en el cual la teoria podria ajustarse. ;Cudl de los dos caminos conviene
seguir?

Mi propuesta es revisar la metaepistemologia de TCE por dos razones. La primera es prudencial: al igual que sucede
con las teorias cientificas, nuestras epistemologias (naturalistas) con cierto grado de fertilidad tedrica deben tener la
oportunidad de seguir con vida antes de desecharlas definitivamente. TCE ha demostrado ser una teoria fecunda en
términos explicativos.!? La segunda es tentadora: el escepticismo, pero no el relativismo, si es inaceptable en episte-
mologfa. Si se opta por esta via, los defensores de TCE deben mostrar un par de puntos. En primer lugar, que TCE
puede conservar sus principios de primer orden si se acepta el relativismo epistémico. En segundo lugar, que esta re-
lativizacién de TCE no implica el escepticismo, de modo que si hay buenas razones para preferir al relativismo sobre
el escepticismo.

Mi tesis positiva es que el relativismo epistémico pavimenta el camino para que TCE pueda dar una explicaciéon
completamente satisfactoria de la agencia epistémica sin caer en el escepticismo. Si los defensores de TCE conceden
que INTEGRACION DE GRANO FINO es la interpretacién adecuada de la condicién de integracién cognitiva
en COGA-WEAK (porque, de otra manera, TCE enfrenta el problema de la generalidad al interpretar dicha condi-
cién bajo INTEGRACION DE GRANO GRUESO), el escéptico presenta el siguiente argumento para establecer
[Premisa 3] de ARGUMENTO GENERAL:

(ARGUMENTO ESPECIFICO)

(P1) Si hay DISCRIMINACION, entonces hay METAJUSTIFICACION;
(P2) no hay METAJUSTIFICACION;
(C) por lo tanto, no hay DISCRIMINACION.

13 Por ejemplo, TCE permitiria conciliar la epistemologia social «analitica» de Goldman con la epistemologia social «naturalista» de Fuller

(Palermos & Pritchard, 2013), cerrar la brecha entre la epistemologia tradicional y la filosoffa de la ciencia (Palermos, 2015), mostrar la
naturaleza tanto individual como colectiva del conocimiento (Palermos, 2011), y dar cuenta del conocimiento producido por grupos de
personas a partir de una nocién de agente grupal epistémico (Palermos & Pritchard, 2016).
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(P1) serfa un compromiso de segundo orden de TCE, el cual establece una relacién de condicién necesaria entre los
conceptos epistémicos fundamentales de «discriminacién» y «metajustificacién.» Sobre la base de esta premisa, el
agente exhibe AGENCIA* en la medida en que cuenta con un criterio independiente para identificar el proceso de
formacién de creencias que es conducente al conocimiento. Sin este criterio independiente de habilidad cognitiva, el
agente no podria discriminar el proceso relevante.

(P2) asegura que METAJUSTIFICACION no se cumple. Esta premisa se apoya en al menos tres condiciones a
partir de las cuales se ha caracterizado el relativismo epistémico recientemente (Ashton, 2020; Kusch, 2016, 2019,
2021). Empleando la terminologia de TCE, la formulacién de estas condiciones tendria esta forma:

(RELATIVISMO EPISTEMICO MINIMO)

(DEPENDENCIA) Las creencias tienen un estatus epistémico positivo sélo relativo a procesos
de formacién que son cognitivamente hébiles. Conjuntos de estos procesos componen caracteres
cognitivos de los agentes.

(PLURALIDAD) Hay (ha habido o podria haber) mas de un conjunto de procesos que son cog-

nitivamente habiles para formar creencias.

(NO-METAJUSTIFICACION) Cuando las creencias y/o los procesos entran en conflicto, no
existen (al menos en casos importantes) formas de arbitraje de procesos como cognitivamente hd-
biles que sean neutrales e independientes respecto de dichos procesos.

Relativismo y absolutismo son posiciones rivales en metaepistemologia (Bland, 2018; Bloor, 2011; Boghossian,
2006; Siedel, 2014). Ademis, el absolutismo también es consistente con DEPENDENCIA y PLURALIDAD. No
parece problemdtico aceptar que el estatus de las creencias responsables epistémicamente es relativo a la habilidad
cognitiva (segin FIABILISMO DE VIRTUDES) ni que lo que cuenta como habilidad cognitiva varia segtn los ca-
racteres cognitivos de los agentes a través de los contextos de sus practicas epistémicas (segin INTEGRACION DE
GRANO FINO). El desacuerdo reside mds bien en aceptar o rechazar NO-METAJUSTIFICACION. Mientras que
el absolutista sostiene que si existen criterios independientes para discriminar procesos como cognitivamente hébiles,
el relativista niega que dichos criterios sean independientes. El absolutista rechaza NO-METAJUSTIFICACION
porque interpreta esta condicién con la implicacién desafortunada de la «igual validez» endilgada comtinmente al re-
lativismo (Bland, 2018; Boghossian, 2000):

(IGUALDAD) Todos los procesos son cognitivamente hdbiles en igual medida.

Esta tesis resulta inadmisible porque conduce directamente al escepticismo. Si todos los procesos son igualmente
habiles en términos epistémicos, entonces ninglin proceso serfa hdbil y ninguna creencia tendria un estatus episté-
mico positivo (Boghossian, 2006; Pritchard, 2009). De esto se sigue que ningtin agente recibiria crédito epistémico
(ni sabria que p) porque ningtin proceso conduciria al agente a saber que p. Como esta es la conclusiéon de ARGU-
MENTO GENERAL, el absolutista encuentra una razén para afirmar que DISCRIMINACION requiere que el es-
tandar de METAJUSTIFICACION se satisfaga. Este es su argumento:

1. NO-METAJUSTIFICACION implica IGUALDAD.
2. IGUALDAD implica que los procesos no son cognitivamente hébiles y, por lo tanto, que § no merece crédito epistémico.

3. En consecuencia, NO-METAJUSTIFICACION implica que los procesos no son cognitivamente hébiles y, por lo
tanto, que S no merece crédito epistémico.

A pesar de esto, el relativista tiene una interpretacién diferente de NO-METAJUSTIFICACION. Su posicién es
que esta condicidn sélo establece que no hay criterios neutrales para arbitrar procesos de formacién de creencias,
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lo cual no significa ni implica (al menos no de forma obvia) IGUALDAD (Ashton, 2019, 2020; Barnes & Bloor,
1982; Field, 2009; Kusch 2019, 2021):

(NO-NEUTRALIDAD) La discriminacién de procesos como cognitivamente hébiles nunca es
neutral. La discriminacién siempre se hace a partir de un proceso o conjunto de procesos (esto es,
a partir de un cardcter cognitivo) especifico.

El relativista evita la consecuencia escéptica que el absolutista trae a cuento de dos formas. De un lado, abriendo la
puerta al respaldo epistémico relativo. Segin esta idea, el estatus epistémico de las creencias es relativo a la habilidad
cognitiva y no hay una manera de determinar la habilidad cognitiva que no sea apelando a los caracteres cognitivos
mismos. Los procesos de formacién de creencias sélo pueden ser relativamente hdbiles. Asi, un agente mereceria adju-
dicacién de crédito epistémico (y de conocimiento) al conceder estdndares epistémicos menos demandantes. En este
caso, «demandamos menos de nuestros estdndares epistémicos si permitimos que varien con comunidades y si acep-
tamos que no pueden arbitrarse de manera neutral» (Kusch, 2017, p. 4693). De otro lado, el relativista sefala que
IGUALDAD es correcta sdlo si se presupone una perspectiva mds alld de los caracteres cognitivos a partir de la cual
discriminar los procesos de formacion de creencias. El problema con esto es que el relativista niega la existencia de
dicha perspectiva o la posibilidad misma de asumirla. Que NO-METAJUSTIFICACION implique IGUALDAD y
que de esta se siga el escepticismo es inicamente «lo que el relativismo parece ser desde el punto de vista absolutistay
(Bloor, 2011, p. 440; ver también Field, 2009, p. 256). En este caso, el absolutista comete peticién de principio al
vincular NO-METAJUSTIFICACION con IGUALDAD. El relativista no est obligado a conceder que el respaldo
epistémico «real» sea el respaldo epistémico «absoluto» ni que haya una perspectiva enteramente independiente de
los caracteres cognitivos para discriminar procesos en términos de su habilidad cognitiva. El relativismo niega justa-
mente lo que el absolutismo estd requiriendo. Asi las cosas, este es el argumento del relativista de por qué es innece-

sario rechazar NO-METAJUSTIFICACION:

1. NO-METAJUSTIFICACION implica NO-NEUTRALIDAD.

2. NO-NEUTRALIDAD implica que los procesos sélo son relativamente habiles y, por lo tanto, que § s6lo merece
relativo crédito epistémico.

3. Por lo tanto, NO—META]USTIFICACION implica que los procesos sélo son relativamente habiles y, por lo tanto,
que S s6lo merece relativo crédito epistémico.

Hasta que el absolutista ofrezca una razén independiente para negar NO-METAJUSTIFICACION, el relativista re-
comendari atacar ARGUMENTO ESPECIFICO en otra direccién. Recordemos el argumento: (P1) Si hay DIS-
CRIMINACION, entonces hay METAJUSTIFICACION; (P2) no hay METAJUSTIFICACION; (C) por lo
tanto, no hay DISCRIMINACION. El problema con ARGUMENTO ESPECIFICO ya no tendria que ver con
(P2), sino con (P1). El relativista toma (P1) como una presuposicion absolutista que el escéptico atribuye a TCE
como uno de sus compromisos implicitos de segundo orden. Segun esta presuposicién, si no hay un criterio inde-
pendiente de habilidad cognitiva para arbitrar procesos de formacién de creencias, el agente no puede discriminar el
proceso que es conducente al conocimiento. Por lo tanto, el escepticismo aparece como una consecuencia inevitable.
Los compromisos de segundo orden de TCE se convierten en la puerta de entrada al escepticismo.

Para bloquear ARGUMENTO ESPECIFICO, el relativista propone entonces una solucién bastante simple: susti-
tuir (P1) por su negacién y adoptarla como una presuposicion relativista. Bajo esta nueva presuposicion, ~(P1): hay
discriminacion y no hay metajustificacion. Como se puede apreciar, esta maniobra es suficiente para evitar el paso de
las premisas a la conclusién a través de la regla del modus tollens. Si la conclusion de ARGUMENTO ESPECIFICO
no se obtiene, entonces [Premisa 3] de ARGUMENTO GENERAL tampoco se obtiene, con lo cual la objecién del
escéptico queda sin respaldo en tdltima instancia.
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sQué se logra a partir de esto? Un compromiso de segundo orden con el relativismo epistémico permite a TCE te-
ner una visién mds laxa acerca de las condiciones bajo las cuales DISCRIMINACION se satisface a fin de que el
agente exhiba AGENCIA*. El relativismo hace posible que el agente discrimine el proceso que cuenta como con-
ducente al conocimiento, aunque no lo haga como el criterio de METAJUSTIFICACION demanda; es decir, aun-
que no lo haga de manera neutral. Los agentes pueden apelar a su propio cardcter cognitivo para evaluar procesos y
creencias que dependen del mismo, asi como para evaluar procesos y creencias de otros agentes. También pueden in-
tegrar otros procesos de formacién de creencias a su cardcter cognitivo para revisar sus compromisos doxdsticos y los
de otros agentes. Esto deja a los agentes en posicién de responder apropiadamente a sus compromisos doxdsticos en
situaciones donde encuentran razones que ponen en cuestién su respaldo epistémico prima facie. Desde una perspec-
tiva relativista, Galileo y los matemdticos del Colegio Romano fueron responsables epistémicamente y merecedores
de relativo crédito epistémico. En términos generales, el relativismo es una opcién en metaepistemologia que evita
las consecuencias escépticas a las que el absolutismo conduce. El absolutista pone una vara demasiado alta para que
un agente sea responsable epistémicamente ante razones derrotantes.

Para resumir: si TCE abraza un compromiso de segundo orden con el absolutismo epistémico, ARGUMENTO
GENERAL si permite concluir que TCE no explica AGENCIA*. Sin embargo, si TCE abraza un compromiso de
segundo orden con el relativismo epistémico, ARGUMENTO GENERAL ya no funciona para establecer esa con-
clusién. Por lo tanto, TCE puede explicar AGENCIA* si modifica sus compromisos metaepistemoldgicos implici-
tos. Por supuesto, adoptar el relativismo no es necesariamente la tnica alternativa que TCE podria tomar para tra-
tar con el desafio escéptico que enfrenta. Sin embargo, dado el conjunto de razones escépticas que he considerado en
esta ocasion, aceptar el relativismo epistémico es una buena manera en la cual TCE puede lidiar con el problema. A
diferencia de su rival, el relativismo no lleva al escepticismo y puede incluso cerrarle la puerta.

6. Conclusiones

En este texto evalué a TCE como explicacién de la agencia epistémica en relacién con agentes que adquieren cono-
cimiento a partir de procesos de formacién de creencias realizados por sistemas cognitivos extendidos y distribuidos.
Me concentré en discutir la manera como los principios de primer orden de TCE darfan cuenta del agente que es
sensible a razones derrotantes de su estatus epistémico y que responde a ellas apropiadamente.

Primero caractericé y defendi un resultado pesimista de esta evaluacidn, a saber, que TCE no puede explicar AGEN-
CIA* sin caer en el escepticismo. Sin embargo, para salvar a TCE en lugar de abandonarla, segui luego un camino
optimista que consiste en modificar la metaepistemologia de la teoria. Asi, defendi que, si TCE acepta el relativismo
epistémico como principio de segundo orden, entonces la teorfa puede explicar AGENCIA* sin caer en el escepti-

cismo.

Para justificar mi tesis negativa, elaboré dos argumentos escépticos, uno general y otro especifico. ARGUMENTO
GENERAL apoya la afirmacién de que el agente epistémico es incapaz de exhibir AGENCIA* porque no satisface
DISCRIMINACION. En consecuencia, el agente no merece crédito epistémico ni atribucién de conocimiento.
Ademis, DISCRIMINACION no se cumple cuando la condicién de integracién cognitiva en COGA-WEAK se
interpreta bajo INTEGRACION DE GRANO GRUESO, pues TCE enfrenta una versién concreta del problema
de la generalidad bajo esta interpretacién. Pero, cuando la condicién de integracion cognitiva en COGA-WEAK se
interpreta bajo INTEGRACION DE GRANO FINO, TCE tiene consecuencias relativistas. Sobre esta base, AR-
GUMENTO ESPECIFICO muestra de forma interesante que la fuente del problema con TCE reside en su com-
promiso implicito con el absolutismo epistémico como principio de segundo orden. Segiin este argumento, DIS-
CRIMINACION no se cumple porque el estindar de METAJUSTIFICACION no se satisface y porque TCE
estarfa comprometida con la presuposicién del absolutismo epistémico: si hay discriminacion, entonces hay metajusti-
ficacion.
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Esto no significa que el escepticismo deba aceptarse y, por lo tanto, que TCE deba rechazarse. Para justificar mi
tesis positiva, argumenté que TCE puede evitar el escepticismo si acepta la presuposicién del relativismo episté-
mico: hay discriminacién y no hay metajustificacion. Esta maniobra implica relajar los esténdares bajo los cuales
DISCRIMINACION se cumple a fin de que el agente sea responsable epistémicamente de acuerdo con AGEN-
CIA*, pero esto no tiene por qué tener las mismas consecuencias escépticas. Por supuesto, el relativismo seria tan
inaceptable como el escepticismo sélo si NO-METAJUSTIFICACION implica IGUALDAD, pues aceptar la se-
gunda termina llevando al escepticismo. Sin embargo, aunque el relativista admite que IGUALDAD implica el
escepticismo, no estd convencido de que NO-METAJUSTIFICACION implique IGUALDAD. Para el relati-
vista, NO-METAJUSTIFICACION implica NO-NEUTRALIDAD vy de esta no se sigue el escepticismo. Esto es
una buena razén para pensar que el relativismo es preferible al escepticismo, por lo menos al evaluar el poder ex-

plicativo de TCE.

Mi propuesta de relativizar TCE, para tener una explicacién completamente satisfactoria de la agencia epistémica,
puede que no resulte atractiva para los defensores principales de esta teorfa. Después de todo, el relativismo seria ab-
solutamente inadmisible para un epistemoélogo, o la maniobra podria tomarse como la introduccién de una hipéte-
sis ad hoc, o intentar ajustar otras partes de la teoria serfa mds promisorio, o simplemente no habria por qué aceptar
mis argumentos escépticos ni los relativistas. Todo esto podria llegar a ser correcto presentando contraargumentos
adicionales. Sin embargo, las razones aqui expuestas justifican la afirmacién de que TCE corre el riesgo de abrir la
puerta al escepticismo y al relativismo debido a la combinacién sofisticada de sus principios explicativos.'* Por mi
parte, considero que abrazar el relativismo epistémico para ajustar TCE y no sepultarla es una buena decisién des-
pués de evaluar la teoria.
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1. Introduction

Modern physics has been built upon symmetries. From Galileo’s ship to fermion-boson symmetry, different symme-
try-based arguments have guided not only theory construction but also empirical research. Examples abound. Consider
non-relativistic quantum mechanics. In standard presentations of the theory, Galilean invariances permit us to identify
abstract operators with measurable dynamical variables, which introduces physical content into the theory (see Ballen-
tine, 1998, sections 3.3-3.4). Thus, Galilean invariances play an active role in theory construction. Or think of the dis-
covery of the omega-negative baryon (Q7), which has been a milestone in particle physics. In this case, the “Eightfold
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Way” (or SU(3)-symmetry) has strongly guided empirical research during the 1960s, culminating in February 1964
with the discovery of the particle at the Brookhaven AGS.

In the last decades, philosophers have increasingly drawn their attention to the pervasive occurrences of symmetry
claims in physics. Why do symmetries work so stupendously well? Do they reveal profound features of the world? Or
are they a clever way to represent the natural world? The interest has been multiplefold, ranging from methodological
to mathematical as well as ontological issues. What concerns me here is the metaphysical facet of the debate. On this,
the attention was mainly drawn towards space-time symmetries (since they may reveal the nature of space-time), local
gauge, and permutation symmetries (since they may reveal the aspects of the world’s fundamental ontology). Symme-
try claims, then, became not only crucial premises to infer the fundamental ontology (see North, 2009, 2021; see Lépez,
2023a for criticisms) but they were also meant to refer to aspects of the fundamental ontology, reifying the concept (see
Heisenberg, 1975; Weinberg, 1987; Baker, 2010; French, 2014, Schroeren, 2020, among others; see Lépez, 2025 for
criticisms). In opposition to these views, various forms of anti-realist or epistemic views have also been defended, gravi-

tating around notions like “heuristic value”, “epistemic principles”, or even “prescindible postulates”.

The main aim of this paper is to clarify the metaphysical landscape by laying out a map of the different metaphysical at-
titudes that may possibly be held on physical symmetries, whether or not they are represented in the literature. My aim
is not to defend or attack any of these views, but to show their relations, differences, and common bases where they ex-
ist. I will refer to existing literature defending or attacking the different views when pertinent. The idea of laying out a
metaphysical map of symmetries is to show the different metaphysical attitudes that address the problem of which place
symmetries occupy in one’s ontology; and while the division between realist—anti-realist views might be operation-
ally useful, it falls short of capturing all the nuances that diverging metaphysical attitudes may have. I start off by dis-
tinguishing between Symmetry Dispensabilism and Symmetry Indispensabilism. Within the dispensability camp, at least
four different views can be identified: the No Symmetry View, Symmetry Agentialism, Symmetry Conventionalism, and
Symmetry Expressivism. To a good extent, these views represent anti-realist attitudes in different ways. In turn, within
the indispensability camp, five positions can be distinguished: Symmetry Realism, Symmetry Fundamentalism, Symme-
try Inferentialism, Symmetry Epistemicism and Symmetry Normativism. Even though many views represent realist atti-
tudes, there is no linear association since some views, such as Symmetry Epistemicism and Symmetry Normativism, may
well be viewed as anti-realist.

2. The Philosophical Problem(s) of Symmetries

Although physical symmetries come in many flavors and shapes (internal vs. external, local vs. global, theoretical vs.
observational, geometrical vs. dynamical, and so on), all of them are, for the most part, formal notions that apply to
mathematical structures. From an abstract viewpoint, symmetries are transformations that keep some relevant struc-
ture unaltered. In physics, most mathematical structures of interest are sets of differential equations that relate to other
mathematical structures (e.g., topological and differential spaces). In consequence, physical symmetries are transforma-
tions that preserve the space of solutions of such sets of differential equations. In this precise sense, physical symmetries
are said to be structure-preserving functions that map solutions to solutions.

This definition is, however, insufficient to obtain a physical symmetry. If this were so, it would always be possible to de-
fine a transformation that maps solutions to solutions, augmenting the symmetries of a theory on demand. Thus, as
Gordon Belot mentions (2013), symmetries are hard to come by, so their physical definition should not be too liberal
to capture that fact. This, in general, amounts to imposing further constraints on the abstract definition (see Read and
Moller-Nielsen, 2020, for further constraints). Some of them may be purely formal —e.g., for Lie transformations, they
must be continuous or smooth; for classical symmetries, the infinitesimal generators must only depend on the inde-
pendent and dependent variables of the theory, etc. Others may be physical —e.g., some symmetries are required to not
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only preserve the geometrical structure of the phase space, but also specific objects (e.g., the Hamiltonian). And others
may be interpretative —e.g,, physical symmetries are required to preserve the observational content of a physical the-
ory (see, for instance, Dasgupta, 2016), or to identify surplus structure (see Redhead, 1975; Dewar, 2019. See Hall and
Murgueitio Ramirez, 2024, for discussion and an overview).

There are, of course, plenty of problems around the theoretical status and role of symmetries in physics. Christopher
Martin (2002) has, for instance, centered on the role of local gauge symmetries in relation to other theoretical prin-
ciples (e.g., renormalizability). Michael Redhead has tackled the problem of the role of symmetries for assessing re-
dundant structures and inter-theoretical relations (Redhead, 1975). Katherine Brading and Elena Castellani have fo-
cused on classifying symmetry principles and symmetry arguments in different theories (Brading and Castellani, 2003,
2007). Others have focused on the methodological role of space-time symmetries in elucidating problems around the
debate between relationalism and substantivalism (Earman 1989). Lately, the focus has been put on the role of sym-
metries in the interpretation of physical theories, distinguishing between interpretational and motivational views
(Moller-Nielsen, 2018; Luc, 2022). In a similar line, many have concerned the role of symmetries in the invariance
principle (Dasgupta, 2016). All this shows to what extent symmetries provide a fertile terrain for philosophical de-
bate. I, however, focus here on the metaphysical facet of the problem, concerning the place that symmetries occupy in
the ontology.

In metaphysics, this is “the problem of accommodating symmetries” (see French, 2014). Modern physics involves prop-
ositions that putatively refer to some transformations that keep some mathematical-physical structure invariant. How
should we, philosophers, stand with respect to them? An analogy to laws can be instructive. Physical theories involve
propositions that refer to differential equations of motion that intend to represent dynamical laws. But what are the dy-
namical laws? Philosophical landscape, as is well known, is rather leafy. Nonetheless, in one way or another, the prob-
lem boils down to accommodating dynamical laws in one’s worldview —for some, they represent genuine laws of nature,
for others, they do not; for some, they represent laws of nature that govern phenomena, for others, they represent just
regularities, etc. So, the problem of accommodating symmetries may be analogously couched. Propositions involving
symmetries refer, first and foremost, to properties of differential equations within a physical theory’s formalism,! but the
metaphysical question is whether they represent some entity, property, structure, or relation in the ontology.

In the literature, it is customary to distinguish between those who think that symmetry claims refer to aspects of the
world (realists) and those who think that they do not (anti-realists) (see, for instance, Brading and Castellani, 2007; Li-
vanios, 2010). Such a division can shed light on the alternatives, but it is still a bit coarse-grained when we pay attention
to the details. When we say things such as “symmetries are epistemic”, do we mean that they are just conventions of
some sort and that we might sooner or later dispense with them? Or when it is defended that symmetry claims refer to
aspects of the world, does it mean that symmetries themselves are aspects of reality, or that they can assist us in discover-
ing reality? And if they are part of reality, are they fundamental or derivative in the ontology? This article aims to clarify
all these questions.

When the metaphysical problem of symmetries is viewed as a problem of accommodating symmetries in one’s world-
view, or as a problem of “locating” symmetries in one’s ontology, there are at least three options: primitivism, where
symmetries are fundamental (irreducible) parts of one’s ontology; conservative reductionism, where symmetries can
be reduced to something else more primitive, but still conserved as parts of the ontology (but not as parts of the fun-

damental ontology); or eliminative reductionism, where symmetries are not even part of the ontology (nor fundamen-

To be clear, the symmetries that have lately drawn philosophers’ interests (as space-time symmetries, local gauge symmetries, and permu-
tation symmetries) are primordially £70w» in dynamical contexts and employed to simplify and handle dynamical problems. The respec-
tive symmetry transformations act upon terms appearing in dynamical equations and the symmetry is hence a property instantiated by the
whole formal structure. It is true that we may, a fortiori, predicate the symmetry with respect to the structure of space-time, for instance.
But, as I will argue shortly, this already supposes a philosophical position to take with respect to symmetries.
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tal, nor derivative), but parts of the epistemic-methodological machinery to account for the ontology. It can be thought
that eliminative reductionism, in this sense, it is not a metaphysical view of symmetries. I disagree. Eliminative reduc-
tionism implies a very clear statement on one’s metaphysics and ontology —zhere are no symmetries in any relevant
sense of “there are”. Naturally, all these options have their advantage and difficulties as I will show in due course.

A final comment is relevant. Since symmetries come in many shapes and flavors, it would be tempting to think that
some of them are real, whereas others are epistemic, leading to a kind of ‘symmetry pluralism’. Methodologically, this
approach could work (see Read and Meller-Nielsen 2020 for a methodological pluralist view of symmetries). But as I
am interested in a metaphysical problem (which place symmetries occupy in one’s ontology), the step from methodo-
logical pluralism to metaphysical pluralism is not so straightforward. It seems prima facie reasonable to think that, as
different symmetries serve different purposes in physical theories, they will have different metaphysical status (i.c., some
of them will be ontologically fundamental, others supervenient; others matter of convention, and others epistemically
essential). This is a hard problem that deserves a deeper engagement, but the following warning is noteworthy. Even
though symmetries are used differently in physical theories, an independent metaphysical argument in favor of such a
metaphysical pluralism is needed. In other words, the fact that symmetries are used in different ways does not per se im-
ply that they are all metaphysically different (promoting metaphysical pluralism).

An analogy with the metaphysical debates on law is instructive. Laws are quite varied (e.g,, some of them are determin-
istic, some indeterministic, some probabilistic, some are first-order, others second-order, and so on). Humeanism about
laws does not defend that some laws are regularities, whereas others govern phenomena. Neither do defenders of the
governing view accept that some laws govern, whereas others supervene upon dispositional properties. My view is that
symmetries should be treated similarly: while some form of methodological, or epistemic pluralism about symmetries
can be endorsed (which allegedly follows from scientific practice), the plurality of symmetry kinds shouldn’t be nec-
essarily translated into the ontology automatically —scientific practice is insufficient for it, independent mezaphysical
reasons must be provided. In any case, this problem doesn’t really affect the metaphysical map I lay out: all the meta-
physical views I will distinguish can perfectly fine cohabitate in a metaphysically pluralist framework; or they could be
alternative metaphysical stances in a globally monist metaphysical view.

3. Symmetry Dispensabilism and Symmetry Indispensabilism

In the Introduction, I briefly described two different kinds of symmetries that physics presents to us, but there are
many. So, let us begin by clearly stating a blatant fact, the ‘symmetry fact’.

Symmetry Fact Modern physics presents us with symmetry claims, that is, modern physics’ discourse involves propo-
sitions p, stating that in a theoretical framework a symmetry o holds. Such propositions have contrib-
uted in the empirical success of physical theories.

Two comments are in order. The symmetry fact, as stated, is completely descriptive —it just happens that today’s
physics involves certain propositions referring to symmetries. As such, it is descriptively true, and everyone agrees on it.
What is philosophically interesting about this, then? To my mind, the general problem is whether putative references to
symmetries in p, can be removed from our physical theories while preserving their empirical success?. I take that those
that believe that we cannoz do this endorse what I call Symmetry Indispensabilism (SInd), while those that believe the
opposite fall under what I call Symmetry Dispensabilism (SDis). It might be thought that this is just a convoluted way
to rephrase the distinction between realism vs. anti-realism. But I do not think so, since SInd, as I argue later, does not

2 Itis worth noting that such a formulation of the problem is not an ontological problem yet. As it will become clearer later on in the paper,

I take the ontological problem to be derivative from the general problem as just stated.
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necessarily imply a realist view of symmetries. In the same vein, I believe that an epistemic view of symmetries does not
imply either the endorsement of SDis.

SInd  Putative references to symmetries appearing in the symmetry fact cannot be dispensed with while preserving
physics’ empirical success.

SDis  Putative references to symmetries appearing in the symmetry fact can be dispensed with while preserving
physics’ empirical success.

4. Symmetry Dispensabilism

Let us start with SDis. According to it, it is true that current physics employs propositions that refer to symmetries
(symmetry fact), but we should not be misled into thinking that physics must formulate physical theories with such
propositions. Future physics might well do it without symmetry claims. There may be scientific as well as philosophi-
cal reasons to hope for such a scenario. Think of renormalization in quantum electrodynamics (QED). For instance, it
is a fact that in calculating some loop Feynman diagrams in QED, the integrals diverge. Hence, it is a fact that to calcu-
late finite and testable expectation values, renormalization techniques are required. Yet, it is considered that they may
be dispensable, in the sense that we can regard QED as an effective field theory, that is, a low-energy approximation of
a still-unknown underlying high-energy physical theory. Then, physics could be dispensed with renormalization tech-
niques. An analogous reasoning can, mutatis mutandis, be applied to symmetries —they can, for instance, be sympto-
matic of redundant structure that we should be dispensed with in future physics.?

Indeed, many have taken symmetries as symptomatic of redundant structure, suggesting that they guide new formula-
tions of theories where such redundant structures are expunged entirely (see Dewar, 2015). This instrumental role of
symmetries has, however, been the focus of controversy lately. Concerning the specific role of symmetries in symmetry-
related models, two approaches have been distinguished: the interpretational and the motivational (see Moller-Nielsen,
2018; Luc, 2022). The interpretational approach holds that symmetries “allow us to interpret theories as being com-
mitted solely to the existence of invariant quantities, even in the absence of a metaphysically perspicuous characteri-
zation of the reality that is alleged to underlie symmetry related models” (Moller-Nielsen, 2018, p. 1256). In turn, the
motivational view asserts that symmetries “only motivate us to find a metaphysically perspicuous characterization of
the reality that is alleged to underlie symmetry related-models, but they do not allow us to interpret that theory as being
solely committed to the existence of invariant quantities in the absence of any such characterization” (Moller-Nielsen,
2018, p. 1256).

Although this debate does not directly address the metaphysical problem of symmetries (its target is different) and it is
in some way orthogonal to it, it is important to note that it might have some important metaphysical consequences. Af-
ter all, symmetries are indeed employed as means to identify surplus structure. And, from it, some metaphysical lessons
could be drawn. In due course, I will stress whether interpretational and motivational approaches favor one metaphysi-

cal view or the other.

Coming back to SDis, the symmetry discourse in the symmetry fact can also be dispensable based on purely metaphysi-
cal reasons, that is, our metaphysics could lead us to reject the symmetry discourse as referential. Think of dispositional

3 It might be argued that the analogy doesn’t really run because the elimination of symmetries will have ontological consequences, but not
the elimination of renormalization techniques. But the argument already presupposes that symmetries might have ontological conse-
quences, something that SDis denies. If symmetries were eliminated, the consequences would be purely methodological, as the elimination
of other techniques. For the argument to go through, it should first be shown that the elimination of symmetries does have ontological
consequences, which needs to be proved independently.
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monism (e.g., Bird, 2007). Conforming to it, the basic ontology is given by dispositional properties from which laws
are obtained. But, if this is so, then the laws can be only metaphysically constrained by the dispositions. Where should
symmetries be placed? Are they genuine meta-laws that also constrain the laws? If they constrain the laws, then laws be-
come over-constrained, and dispositions’ fundamentality is contested. Bird’s dispositional monism then takes symme-
tries to be pseudo-laws that form invariant structures that ultimately must be regarded as background structures; but “a
desirable feature of physical theories is that they should eliminate background structures” (Bird, 2007: 213).

Bird would well represent what I call the “No Symmetry View” (NSV), a radical form of SDis. This is in close analogy
with Nancy Cartwright’s view of laws (Cartwright, 1983), mutatis mutandis. It can thus be argued that it is not an im-
portant fact of the scientific enterprise “to discover” anything like symmetries, but they are just useful devices that are
found in highly idealized models. In that sense, physical symmetries would also ‘lie” as they fail to refer to something ex-
ternal; or they lie’ as they do not constrain phenomena, but idealized laws that can only be obtained in “shielded” mod-
els. In this sense, they also fail to represent an essential element in physics theorizing.

NSV Putative references to symmetries appearing in the symmetry fact fail to refer to entities, properties, or rela-
tions of the world’s fundamental ontology. Nor do they capture an epistemically essential element in physics
theorizing,

The most obvious problem for this view, one that will be recurrent in metaphysically light views, is that it doesn’t re-
ally explain why symmetry claims have been so empirically successful. NSV seems to dispense with symmetries for met-
aphysical reasons (which are well-grounded), but it doesn’t really explain why physical theories feature symmetries. It is
nevertheless possible to find other views that are more systematic and explanatory, still within the SDis camp: Symmne-
try Conventionalism (SC) and Symmetry Agentialism (SA).

SC regards symmetries as conventions, that is, as a regular phenomenon observed in a determined community that
does not depend on Nature or universal features found across communities. It rather depends on our choices (scien-
tists” choices), which can be driven by numerous facts. Conventions are, then, “up to us”, and thereby, the endorse-
ment of symmetry claims that appear in the symmetry fact (as previously described) is also up to us —symmetries work
like conventions among physicists that for pragmatic reasons became established in a community that share some epis-
temic standards and canons for theory acceptance. However, a crucial feature of conventions is that they can always be
changed, and, to different degrees, are arbitrary. Then, if physical symmetries are conventions, whatever role they may
play, it may be played by a choice. Therefore, they are dispensable. Christopher Martin (2002), Alexandre Guay (at
least for Yang-Mills theories, 2004, 2008), and Sabine Hossenfelder (2018, where symmetries are almost aesthetic val-
ues) seem to uphold a form of SC.

An example of SC can be found in the so-called gauge symmetries. Alexandre Guay holds that gauge symmetries (i.c.,
the gauge structure) of Yang-Mills theories play a role in the quantization process as tools to obtain a field theory, being
essentially pragmatic (Guay, 2008, p. 353). The fact that there are no alternative tools for quantization at sight, as Guay
affirms, doesn’t mean they could not exist. Nor does he argue that the gauge principle is fundamental for quantization.
It just happens that physical theories pragmatically need the gauge principle, but it is not strictly necessary. Christopher
Martin, in turn, argues that, in the case of the gauge principle, there exist different approaches to the gauge structure
with different consequences for the “logic of nature”, downplaying the role of the gauge principle it might even not ex-
ist! (Martin, 2002, p. S233-5234).

SC Putative references to symmetries appearing in the symmetry fact refer to community-relative conventions
that became established by various (epistemic, aesthetic, or pragmatic) reasons among the members of the

community.

Poincaré’s conventionalism could easily be extended to symmetries, making a case for SC. According to him, the adop-
tion of a certain geometrical framework —and by extension, the symmetries inherent in them—is a matter of conven-

tion, selected on the basis of simplicity, unificatory power, and effectiveness in describing phenomena. SC is stronger
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than NSV because it explains what symmetries are (i.e., conventions), while NSV does not say anything about it. It does
not explain the empirical success of physical theories, but because symmetries are not responsible for it (as the employ-
ment of the imperial metric is not responsible for the empirical adequacy of theories that use it). Nonetheless, although
stronger than the NSV, conventionalism is still too weak, substantively diminishing the relevance of the symmetry fact
for physical theories: there are good reasons to think that symmetries are 7oz like metric units, for instance.

There is a more substantive naturalistic approach to epistemology and metaphysics that may be more satisfactory to
those who want to avoid conventionalism, but to preserve SDis —Symmetry Agentialism (SA). SA can fairly be framed
within what is known as the Sydney Plan (in square opposition to the famous Canberra Plan; see Price, 2011; Ismael
2014).

As far as I am aware, nobody in the literature has argued for SA, but I think it may be a workable philosophical position
towards symmetries within SDis. In essence, the Sydney Plan is a systematic program for metaphysics that opposes view-
ing (scientific) concepts as representations (or ‘mirrors’) of reality. It is rather an anti-representationalist understanding
of our scientific concepts that emphasizes the stories about agents and their relation to the world and how such concepts
facilitate the interaction (Ismael, 2014). When facing a scientific concept, say x, we should not ask what x represents or
how we can locate x in the scientific ontology, but what facts about our scientific understanding and the world jointly
support the formation of x, and what role does it play in our scientific practice. In this way, scientific concepts and prac-
tices constitute “facades” (or user interfaces) to cope with the world: they do not represent external properties, objects,
or structures, but “conceptual tools” to deal with the world.* The Sydney Plan then provides a fertile terrain for a natu-
ralistic analysis of symmetries (as scientific concepts in the user interfaces), where the right question to raise is what facts

about theory construction and experimental practice may require symmetries to cope with phenomena.

Two things are noteworthy. First, the relation of scientific-philosophical concepts to agenss, and their purposes in the
knowledge enterprise, is crucial (hence the name). Second, nothing in SA commits us to take symmetries as indispensa-
ble. After all, the basis is (at least partially) pragmatic, though more robust than conventionalism.

SA Putative references to symmetries appearing in the symmetry fact refer to elements in scientists’ user inter-
faces’ to navigate the natural world and to understand scientific practice and theorizing,

One of SA’s advantages is that it explains why physicists (as agents in active and pragmatic relations to the external
world) employ symmetry claims in formulating physical theories. The potential problem is that it is essentially an anti-
representationalist philosophy that is very critical of metaphysical projects as usually conducted. So, if SA is an alterna-
tive, it is a very radical one that doesn’t even address the metaphysical problem of symmetries as usually presented.

Finally, it is worth mentioning a more radical, non-representationalist view of symmetries that can be framed within
what I call Symmetry Expressivism (SEx). Expressivism is a well-known philosophical current in philosophy of lan-
guage and metacthics claiming that sentences (moral sentences, for instance) are devices for expressing non-cognitivist
positive or negative attitudes towards their objects. In moral language, expressivists would say that moral terms func-
tion much like “boo to ban abortion” or “hurrah to death penalty” (Ayer, 1974; Sinclair 2009). Therefore, semantic or
moral sentences merely convey a non-cognitive attitude of approval or disapproval. It can be argued that in the physics
community, physicists analogously employ symmetries. The symmetry fact expresses a non-cognitive attitude of phys-
icists towards physical theories: they approve physical symmetries (or express a “pro attitude” towards them) in their
physical theories for various non-cognitive reasons (e.g., an example would be “aesthetic pleasure”). This is clearly an

eliminativist, metaphysically radical view of symmetries since it places physical symmetries on the side of scientists’ non-

I believe that the anti-representationalist spirit of SA is the reason why it cannot qualify as a realist view, at least in the traditional sense.
In the Sydney plan, representations of all kinds are users interfaces that facilitate interaction between the agent (as an active system) and
an open environment. This is slightly different from mere conventions since scientific-philosophical concepts as interfaces play a specific

and more active role in helping human beings navigate the world.
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cognitive states of mind, introducing a good dose of irrationalism in physics. But it is a coherent view and can well be
part of the metaphysical landscape.

SEx Putative references to symmetries appearing in the symmetry fact refer to scientists’ non-cognitive states of
mind that convey positive attitudes towards positing symmetries in physical theories.

Even though expressivism is a well-established philosophy in many brands of philosophy, it is alien to the philosophy
of science. However, some types of expressivism have been lately defended in the philosophy of science for different sci-
entific concepts. For instance, Josh Hunt has defended an expressivist account of explanation and relevance in science
(2024). In the same line, he has proposed nomological expressivism for the case of laws of nature (Hunt work-in-pro-
gress, personal communication). Although nobody has thus far defended expressivism in the case of symmetries, sym-
metries involve concepts like explanations, laws of nature, counterfactuals, among others, which have been accounted
for on expressivist grounds.

All these views make sense of physical symmetries as dispensable posits in physical theory. Contemporary physics in-
deed posits symmetries in physical theories, but it might as well stop doing it. The reason is that the apparent reference
to symmetries in scientific discourse fails to refer to some external structure, relation, or entity. The problem is then to
explain the specific role that symmetries play in knowledge, despite being dispensable. They may merely refer to contin-
gent community-relative conventions, to strategies to cope with an external world, or to scientists’ non-cognitive posi-
tive attitudes. Be that as it may, all of them do not only claim that symmetries are not part of one’s ontology, but that
even in our way of describing the ontology, they play an accessory role. Whoever thinks that this falls quite short of
making sense of symmetries would rather endorse some form of indispensabilism, SInd.

S. Symmetry Indispensabilism: Realist Views

For many, SDis categorically fails to make sense of physics’ success. The symmetry fact captures something crucial of
physics that cannot be dispensed with if its success is to be preserved. In this way, SInd endorses the opposite view: not
even in principle can all the putative references to symmetries in the symmetry fact be removed. Symmetries are noth-
ing like renormalization techniques, nor are they just conventions. Even less do they express scientists’ pro attitudes.
We do not even have a good reason to expect their future elimination, but quite the opposite, since the trend in the last
decades has moved towards a “symmetry-first-approach”. Also, if a philosophical position cannot accommodate sym-
metries’ crucial role, then this is per se a form of reductio against it (see Steven French’s argument against Bird’s dispo-
sitional monism, French, 2014, p. 249). This could suggest that SInd entails some form of realism. Nonetheless, as I
previously mentioned, SInd does 7oz directly imply a realist attitude towards the symmetry discourse. Indeed, I submit
that SInd can be divided into five different views, not all of them realist: Symmetry Realism (SR), Symmetry Fundamen-
talism (SF), Symmetry Inferentialism (SX), Symmetry Epistemicism (SE), and Symmetry Normativism (SN).

Let’s start with Symmetry Realism (SR). SR simply claims that the justification of the symmetry fact is that symmetries
do refer to mind-independent structures, relations, or entities in the external world. Physics cannot dispense with sym-
metries without stopping to capture something important about the world that is within the physics domain (physical
entities, properties, relations, or structures). It just happens that the world has such a structure that makes our theoreti-
cal statements involving symmetries (approximately) true, which is just a wordy way to say that symmetries are indis-
pensable because they are (somehow) out there in the world. Two arguments uphold SR as stated —a type of the No
Miracle argument and a type of the Quine-Putnam Indispensability argument. According to the former, from the sym-
metry fact we can infer that the empirical success of the introduction of symmetries in physics can only be explained by
stating that symmetries must be ‘out there’ in the world; otherwise, the empirical success of modern physics would be a
miracle. Since we do not believe in miracles, the best explanation of the symmetry fact is that symmetries must be ‘out

there’ in the world. A No Miracle type argument, therefore, forces us to take symmetries as real.
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A type of Quine-Putnam Indispensability Argument places them in one’s ontology:

P1. We ought to be ontologically committed to only those theoretical posits that are indispensa-
ble to our (best) physical theories,

P2. Symmetries are properties of laws of nature that are indispensable to our best physical theories,

C. Therefore, we ought to be ontologically committed to symmetries.

The argument is Quinean in spirit: physical theories existentially quantify over symmetries. Physical theories cannot
be formulated without symmetries and involve true propositions (or, at least, it is far from clear how physical theories
can dispense with symmetries without losing empirical adequacy). Therefore, symmetries exist, and we should be com-
mitted ontologically to them. Nonetheless, SR is weaker than expected. The reason is that ‘existence’ can be a gener-
ous word and, paraphrasing Armstrong, symmetries could enter the ontology as ‘an ontological free-lunch’ (Armstrong,
1997, p. 12; Schaftner, 2009, p. 353). Then, physical symmetries, according to SR, do exist but they are not necessarily
part of the fundamental ontology; they can rather be supervenient (or derivative) structures, relations, or entities that

depend on more fundamental structures, relations, or entities.

SR Putative references to symmetries appearing in the symmetry fact refer to entities, properties, or relations of

the world’s ontology, although they are not necessarily fundamental.

SR in this sense could be endorsed by some versions of contemporary Humeanism. Physical symmetries play the role of
meta-laws in the best systems, constraining first-order facts. This is the view of Michael Hicks (2019), where symme-
tries provide constraints on first-order facts, that is, the regularities that are find in the Humean mosaic. In this sense, as
constraints of first-order facts, symmetries cannot be purely epistemic: facts about symmetries can be located in the Hu-
mean mosaic, although they are not fundamental structures, relations, or entities in the Humean mosaic. In this sense,
physical symmetries may exist as constraints as constraints, but not as fundamental, primitive structures in the Humean
mosaic. Toby Friend (2024), in turn, has argued that symmetries are not merely meta-laws, but have something to do
with the world’s structure, in particular, with the world-making relations —they are grounded in the space-time struc-
ture, therefore, revealing fundamental aspects of it. I then take this view as implying that symmetries supervene upon
the Humean mosaic, qualifying as a realist view of symmetries.

It is important to note that SR can employ against SDis the same argument that scientific realists employ against in-
strumentalist views. Indeed, if symmetries are in some sense real, then SDis is not a viable option. Of course, SDis of
any sort can argue that empirical success is not enough for truth; or, in other words, that empirical success is not a good
guide to metaphysics. The dialectic can then be viewed like the following. SDis regards that symmetry claims appearing
in the symmetry facts are dispensable. The challenge is then to explain why they are there despite being dispensable. I
think that there are ways to do this, as I have shown before. Yet, some could claim that this is not enough, that it is still
mysterious why symmetry claims have been so (empirically) successful in physics. This prima facie suggests some form
of SR that makes sense of symmetry claims in virtue of their reference to something physical out there. Nonetheless,
empirical adequacy might not be the best guide to ontology. In addition, indispensability doesn’t necessarily imply real-
ism, as I will argue later.

More popular is the view that physical symmetries are fundamental. This is what I call here Symmetry Fundamentalism
(SF), which takes SR’s arguments a step forward. There seems to be an additional step from the Quine-Putnam Indis-
pensability Argument to the claim that symmetries are therefore metaphysically fundamental. The Quine-Putnam In-
dispensability Argument introduces symmetries into the ontology, but it doesn’t say anything about the role they play
in the ontology. It could then be argued, following Armstrong, that we might be ontologically committed to symme-
tries, but they are an ‘ontological free-lunch’; that is, they are derivative structure, relations, or entities that are “no addi-
tion to being”. Therefore, they might well be dispensable when determining the fundamental ontology (see Armstrong,
1997; and Schaffer, 2009, for a general argument in the same line). To put it differently, while the Quine-Putnam In-
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dispensability argument deals with existence questions (what there is), the metaphysically important question is not
about existence but about modes of existence (i.e., as fundamental or derivative). After all, if some theoretical posits are
introduced in one’s ontology as an ontological free lunch, then one’s ontology is no less sparse for containing them than
it is for containing the entities which ground them.

SF avoids this by promoting symmetries to the fundamental ontology, both for scientific and philosophical reasons.
When the symmetry fact is closely examined, symmetries do not merely ‘appear’ in our physical theories, but they also
play a (theoretical) grounding role —for instance, a theory’s dynamics is seen as relying on symmetry statements; symme-
tries are said to ‘dictate’ the fundamental interactions or, even, the kind of particle that intervene. So, it is very plausi-
ble to read this symmetry-way-of-talking as representing an ontological relation. In the theory, symmetry facts ground,
for instance, nomological facts or property facts (e.g., facts about elementary particle masses or energies). On this ba-
sis, there is also an ontological relation that places symmetries as fundamental, and the rest as derivative (see McKenzie

2014 for a similar argument).

One way to understand SF is then that it justifies SInd on a metaphysical basis —symmetries are indispensable be-
cause they are (or directly represent) aspects of the fundamental ontology. SF can then be viewed as SInd plus a
strong realist attitude towards symmetries and their promotion as part of the fundamental ontology. It then goes be-
yond empirical adequacy. Symmetries are thus not only part of the ontology in general, but they are entities, proper-
ties, structures, or relations of the building blocks of the physical world, upon which the derivative ontology super-

venes

SF Putative references to symmetries appearing in the symmetry fact refer to entities, properties, or relations of
the world’s fundamental ontology.

Some advocates of SF are Steven Weinberg (1987, 1993), Abdus Salam (1989), Richard Feynman (1987), and Werner
Heisenberg (1975) on the physicists’ camp. On the philosophers’ camp, Steven French (2014) and David Schroeren
(2020, 2021) have endorsed SF, though on different grounds. As an example, this view has been explicitly defended by,
for instance, David Schroeren (2021). Within wave-function monism, state-space symmetries (i.c., automorphisms) are
established as fundamental relations that correspond to automorphisms in the (fundamental) ontology. In this sense,
then, SF amounts to two claims: (a) state-space symmetries correspond to fundamental aspects (relations) of physical
reality and (b) particles and fields are ontologically derivative from these fundamental aspects.

The natural advantage of SF is that it does justice to the exceptional role of symmetry claims in physics over the last
decades. The symmetry fact just reflects how physics has discovered what’s fundamental. The natural criticism of SF is
that it overloads the fundamental ontology by adding symmetries as fundamental (i.c., primitives). Of course, any on-
tology has to decide which entities, properties, relations, and structures are primitive and which ones are derivative. It
can therefore be argued that it is not necessary to regard symmetries as fundamental (i.c., primitives) since they can be
reduced to something else. It can also be argued that SF implies a series of ontological commitments that are too oner-

ous, such as being realist about idealizations and laws of nazure (see Lopez, 2025).

6. Symmetry Inferentialism: an intermediate position

I have said that SInd does not per se force us to adopt a realist attitude towards symmetries. The challenge for any anti-
realist position is to show, first, why physical theories have been so successful without making symmetries look like a
miracle; and second, in which way physical theories may take symmetries claims as indispensable, without adopting on-
tological commitments to them. I think that Symmetry Epistemicism (SE) and Symmetry Normativism (SN) are two
possible metaphysical views that are successful in this respect. But a third, intermediate variation of SInd can also be
identified. One can embrace SInd but resist placing symmetries in the ontology (either derivative or fundamental). Yet,
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symmetries are not absolutely disconnected from the fundamental ontology, since they serve as “indicators” of it. This
view, Symmetry Inferentialism (SI), can be defined as follows:

SI Putative references to symmetries appearing in the symmetry fact do not refer to aspects of reality but allow us
to infer aspects of it.

According to SI, propositions referring to symmetries enter as premises into symmetry-based arguments (see, for in-
stance, Shamik Dasgupta’s version of the ‘symmetry-to-reality inference’, Dasgupta, 2016; also, North, 2009, 2021) to
draw metaphysical lessons about the world. Then, symmetries are indispensable but not as theoretical posits that latch
onto the world, but as theoretical, heuristic tools for probing what is fundamental. Jill North (2021) seems to adopt SI:

There is a reason for formulating things in terms of structure rather than symmetries, though.
Structure is what we are ultimately after (both mathematical structure in the formalism and
physical structure in the world), and symmetries are simply an (important) guide to that struc-
ture. As mentioned in Chapter 2, symmetries are an indicator of structure, not the structure it-
self. More importantly, there can be more to the requisite structure than what seems to be indi-
cated by dynamical symmetries. (North, 2021, p. 73)

Just to provide some further examples, Eddy K. Chen’s nominalization of non-relativistic quantum mechanics also re-
lies on symmetries as a guide to what is fundamental (Chen, 2019, PhD Dissertation, Ch. 1), from which his quantum
state realism derives. Paul Horwich’s formulation of the problem of the arrow of time accords with SI: since time-rever-
sal invariance is a nomological property, it allows us #o infer the isotropy of time itself (Horwich, 1987, p. 41). Finally,
it has been repeatedly claimed that permutation invariance in quantum theories enzails that quantum systems are non-
individuals (Post, 1963; Fortin and Lombardi, 2021). Therefore, from permutation invariance, we can infer a relevant
feature of the world’s fundamental ontology —it does not comprehend individuals.

Three comments are in order. First, SI might also be regarded as construing symmetries epistemically, and that’s why I
place it as an intermediate position between realist and epistemic views. As I mentioned before, ‘epistemic’ usually re-
fers to conditions regarding observational indistinguishability (such as observability, measurability, detectability, etc.).
This is one of the senses of ‘epistemic’ that, for instance, Shamik Dasgupta refers to when assessing symmetries in the
context of symmetry-to-reality inferences (Dasgupta, 2016, p. 871). In the same line, James Read and Thomas Moller-
Nielsen (2020) defend an epistemic view of symmetry transformations, according to which epistemic symmetries “ren-
der the general notion of a symmetry transformation redundant as a tool for metaphysical theorizing about scientific
theories” (2020, p. 97). Even though they don’t directly concern the metaphysical problem of symmetries, their epis-
temic approach seems to be at odds with, for instance, SR, SF and SI. This would suggest a metaphysically epistemic
view of symmetries, but it is not clear of which sort exactly (for alternative epistemic approaches to symmetries in this
sense, see Ismael and van Fraassen, 2003, and Caulton, 2015).

Second, that SI is an instance of SInd can also be disputed. In Section 3, I have referred to the distinction between in-
terpretational and motivational approaches to symmetries. While the interpretational approach can endorse SI and
SInd since symmetries guide our interpretation of theories as so/ely committed to the existence of invariant quantities,
the motivational approach would probably endorse SI but under SDis. Nonetheless, interpretational and motivational
approaches to symmetries are insufficient to deliver a clear metaphysics of symmetries —they are mainly concerned
with the role that symmetry transformations play in interpreting physical theories rather than with the task of placing

symmetries in one’s ontology.

Finally, it has been argued that SI is not a good guide to metaphysics since symmetries only appear in highly ideal-
ized models and are stipulated in theory construction and modelling for theoretical- and pragmatic-driven reasons (see
Lopez, 2023). This criticism goes along with Read and Moller-Nielsen’s view of symmetries as epistemic, although the
emphasis is placed on the conditions under which symmetries are obtained rather than on the interpretation of symme-
try transformations.
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7. Symmetry Indispensabilism: Epistemic-Deflationist Views

In the previous section, I have said that in the literature on symmetries, ‘epistemic’ usually refers to the conditions re-
garding indistinguishability between symmetry-related models or to the role of symmetries in the invariance principle.
However, there is a different sense in which symmetries can be regarded as epistemic, closely related to the metaphysical
problem of symmetries. This sense treats symmetries as ‘epistemic’ in the sense of not being part of one’s physical on-
tology, but “general conditions of physical knowledge” or “epistemic constraints.” Vassilios Livanios, when contrasting

‘ontic’ and ‘epistemic’ approaches, says:

Philosophers, who try to explain the success of symmetry considerations in science, have followed
two different approaches. According to one of them (the epistemic viewpoint), the presence of
symmetries in physical theories is related to general conditions of physical knowledge or to some
limits inherent in our way of describing the physical world. According to the other (the onto-
logical viewpoint), symmetries are real aspects of the world, usually taken to be properties of the
world (or of its structure) or second order laws concerning the form of physical first order laws.
(Livanios, 2010, p. 296)

Livanios is not here referring to conditions of observational indistinguishability. Nor is he referring to the role that
symmetries play in the invariance principle. He is rather referring to symmetries more generally, replying to the meta-
physics-oriented question of what #hey are. When I refer to symmetries as ‘epistemic’, I will do it in this sense.

I have affirmed that SInd does 7o necessarily entail a connection between the symmetry fact and what the world is
like. This is so because I see a distinction between epistermnic and ontological indispensability. Some theoretical posits can
be indispensable to, for instance, systematizing and providing unity to a theory, but it does not mean that we must then
be ontologically committed to them. For instance, in classical electromagnetism the electric potential is indispensable
to formulate and solve Maxwell’s equation, but it doesn’t seem to be therefore ontologically indispensable (See Maudlin,
2018, for discussion)® Rigid bodies are equally indispensable in classical mechanics to formulate the kinematics and dy-
namics, but they don’t therefore seem to be ontologically indispensable.

The distinction between epistemic and ontological indispensability, hence seems valuable and important. Kerry Mc-
Kenzie runs a similar distinction between being “fundamental to the fabric of the world” and “fundamental in meth-
odological respects” (McKenzie, 2014, p. 1091). According to her, when symmetries are said to have a relation of onto-
logical dependence between them and, say, elementary particles, they are ontologically fundamental; when symmetries
are said to be fundamental as heuristic device for theory construction (as in the case of the prediction and the detection
of the Higgs boson), they are methodologically fundamental. Be that as it may, as was mentioned before, the word ‘fun-
damental’ has been extensively used by metaphysicians to refer to those entities, properties, structures, or relations on
which everything depends, already bearing a strong realist commitment. To avoid confusion, I draw a similar distinc-
tion but in terms of indispensability. In my case, ontological indispensability refers to the fact that symmetries enter
physical theories because, without them, they will miss relevant descriptions of what the world is physically like, either
fundamentally (as in SF) or derivatively (as in SR).

The distinction is also useful because it allows overcoming No-Miracle-type arguments, avoiding realism (SR, more
specifically). The empirical success of symmetries in physics can be granted, favoring their indispensability. But real-

Maudlin discusses how the different formulations of the basic structure of a physical theory (in this case, classical electromagne-
tism) entails that the posits of the theory can be either derivative or fundamental. For instance, when the theory is cast into the
language of fiber bundles, the fields are derivative, contrary to the canonical formulation. Although Maudlin’s point is to show the
need of ontological clarity to avoid conceptual problems, the message to drive home here is the following —theories don’t per se im-
ply an ontology as indispensable since what it looks indispensable for the canonical formulation might not be so in alternative for-
mulations.
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ism needs an additional step 7f indispensability can be made sense of in purely epistemic terms. SInd can thus branch
out further, opening an entire family of philosophical positions towards symmetries that do regard them as indispen-
sable, but as epistemically indispensable. This reveals two remarkable aspects. First, SInd is compatible with epistemic-
normative interpretations of the symmetry fact. Second, some philosophical frameworks seem to embrace SInd but are
reluctant to adopt SR, SF, or SI, but without making symmetries look like a miracle. In this light, these deflationary-
epistemic views claim that putative references to symmetries appearing in the symmetry fact do not refer to aspects of
reality but have an epistemic justification in terms of giving some “systematic epistemic gain” for physical theories (e.g.,
by making physical theories simpler).

One of these views is what I call Symmetry Epistemicism (SE). According to it, symmetries play an epistemic-heuris-
tic role in physics theorizing or modelling that is crucial for physics. They can, for instance, serve to an ideal of opti-
mization between simplicity and explanatory power. An easy example is the unification they confer —instead of for-
mulating different laws for different directions in space, it is more economical (epistemically speaking) to formulate
a rotation-invariant law (see Rosen, 2018). Under this perspective, it can be argued that it is not enough to formu-
late empirically adequate lawlike generalizations about phenomena. It is also highly convenient to formulate them
most simply without losing explanatory power; and positing symmetries as epistemic-heuristic constraints can play

that role.

Although I have before associated Humeanism with SR (but not with SF), I think that SE can also be viewed as com-
patible with Humeanism, but emphasizing the epistemic nature of symmetries. In this case, Humeans could rather
highlight symmetry claims’ epistemic-heuristic nature: symmetries are primarily grounded in the formal relations de-
fined over generalizations about the facts of the Humean Mosaic. Or, even stronger, they play a crucial role in the sys-
tematization and unification of the true generalizations within the best system. In this line, symmetries are precisely
the kind of theoretical resources that allow the best systems to substantially boost their simplicity and informative-
ness. Symmetries are therefore epistemically indispensable in scientific knowledge since they confer upon the best sys-
tems a substantial gain in simplicity and informativeness in simplicity and informativeness; to the same extent to which
our knowledge of the natural world benefits from building generalizations about phenomena, it benefits from impos-
ing symmetries upon how such generalizations must be formulated. To what extent are so-construed symmetries 77-
dispensable? To the extent that physicists must strive to formulate better physical theories, in the sense of the simplest
and most informative ones. Or, to put it differently, if physical theories are interpreted as best systems, what makes best
systems best is their epistemic virtues in terms of simplicity, unification, economy of thought, etc. In that sense, it is in-
dispensable for physical theories to include symmetries since, otherwise, they would not really be the besz systems (see
Lopez and Esfeld, 2023, for an argument in the same line).

SE Putative references to symmetries appearing in the symmetry fact do not refer to aspects of reality but
have an epistemic justification in terms of the optimal systematization of the first-order generalizations
that supervene upon regularities. This optimal systematization is crucial to balance simplicity and infor-

mativeness.

Metaphysical frameworks that can easily adopt SE are Humean Structuralism (Lyre 2010), Super-Humeanism (Esfeld,
2015), or David Albert and Barry Loewer’s Mentaculus (Loewer, 2012; Albert, 2015). A similar view has been defended
by Lépez and Esfeld (2023) in relation to time-reversal symmetry, although their views can be interpreted as a mixing of
SR and SE. In all of them, symmetries might be regarded as real insofar as they supervene on the Humean Mosaic, but
they are also an “ontological free-lunch”. Therefore, their indispensability does not derive from their being somehow
real. Contrarily, symmetries are then primarily assessed in terms of their epistemic contribution to the construction of
physical theories, from which their indispensability does derive. For the case of time-reversal symmetry, Lépez and Es-
feld argue that the reason for having time-reversal symmetry in our physical theories is not because the Humean mosaic
is temporally directionless, but because it makes the formulation of first-order generalizations simpler: the laws of the
theory do not depend on the direction of time, gaining modal scope.
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Finally, I would like to introduce a philosophical position that goes farther than SE but can still be viewed as epistemic.
It also makes the symmetry fact completely natural and even necessary, avoiding any form of realism. In fact, the view
is not new, though it has lost its luster over the last decades. It can be traced back to early works on symmetries by Da-
vid Hilbert (1921), Eugene Wigner (1949, 1963) and Hermann Weyl (1952), to the neo-Kantian philosophy of Ernst
Cassirer (1923 [1910], 1954 [1936]), and to John Nozick’s insights than symmetries are closely connected with the no-
tion of objectivity (Nozick, 2001; for some antecedents, see Dirac, 1947 [1930] and Weyl, 1952). This view accepts
that all (or most of) our symmetry claims are indispensable for modern physics, but because they play a normative role
in making physics (both as a discipline and as an object for such discipline) possible by underpinning the notion of
physical objectivity. I call this view Symmetry Normativism (SN).

SN rather turns to a critical understanding of objectivity as the necessary unity of knowledge (in the Kantian sense).
Neo-Kantians have exhaustively worked on the notion of objectivity and distinguish two types of theories: the copy
(or substance) theory and the critical (or functional) theory (Cassirer, 1923, p. 321-323). According to the former, the
primitive concept is that of ‘object’ (or ‘structure’); truth is explained in terms of adequatio: a proposition is true iff it
mirrors the properties of the object or the structure. According to the critical theory, the copy theory overlooks the
epistemic preconditions for having objects (in this case, physical, scientific objects). In this theory, the right question to
raise is not what physical objects are like, but what makes them possible. The notion of objectivity, hence, must be un-
derstood transcendentally —what are the conditions of possibility for physics theorizing and for empirical research to
be about physical objects at all (Cassirer, 1923; Heis 2014).

Which role does the symmetry fact play as a result? SN holds, first and foremost, that propositions involving symme-
try statements are a priori zorms that are the transcendental conditions of objectivity in modern physics. SN regards
laws and experimental results as facts of modern physics, which are possible in virtue of some preconditions that cement
their objectivity, where the references to symmetries in the symmetry fact play a crucial role. What are they crucial for?
Eugene Wigner has shed light on this in relating symmetries to the necessary invariance of initial conditions, and the
very notion of lawhood (Wigner, 1963). Similar views can be found in David Hilbert (see Ryckman, 2008) and his idea
of “des-anthropomorphization” of physics through invariances.

SN Putative references to symmetries appearing in the symmetry fact do not refer to aspects of reality but refer
to transcendental structures (in the normative-Kantian sense) within which physical objects are possible. For
physics (both in the sense of knowledge about physical objects and of the possibility of physical objects them-
selves) to be possible at all, symmetries are required to give the necessary unity, systematicity and permanency
that physical objectivity requires.

It is hard to show that #// symmetries play a normative role in this specific sense. But think of space-time symmetries
in classical mechanics as a clearer example. Nozick thought that one of the conditions for physical objectivity was the
invariance of a presumed object under various transformations (Nozick, 2001, p. 78). Objectivity, he says, means that
some features are independent from the angle from which we see them. In physics, this matches well with various
space-time transformations. It can therefore be argued that objects (or quantities) that remain invariant under space-
time transformation are physically objective as they do not depend on the reference frame from which they are de-
scribed. Then, symmetries would play the role of establishing what is objective within a physical theory: those quanti-
ties and objects that are invariant under spatial rotation, spatial translation, time translation, time reversal, boosts, etc.
Nozick’s view per se is closer to SR or SI, but on this basis, it can be further argued that the objectivity that symme-
tries confer is not found in nature but imposed by us. In other words, such invariances are not out there in the world
and represented in our physical theories, but normatively imposed by us in order to have objective, physical knowl-

edge.

It is important to stress the scope and limits of SN (and also of SE). First, SN can explain the indispensability of
symmetries without appealing to realism: symmetries are necessary as epistemic preconditions for having knowledge
of physical objects, so the symmetry fact comes out as a natural requirement for physics. Second, when saying that
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physical symmetries are epistemically indispensable, it is not meant that knowledge in general indispensably requires
symmetry claims. We can very well obtain valuable knowledge of the world without even acknowledging the exist-
ence of the symmetry fact. The claim circumscribes itself to knowledge that is obtained from physics. That is, the
knowledge that physics provides us indispensably requires symmetry claims, but other forms of knowledge do not
necessarily. SN, for instance, sets the conditions for having physical objects (that is, objects as known by physics), not

objects in general.

8. Conclusions

In recent years, the problem of accommodating symmetries in one’s ontology has drawn the attention of many phi-
losophers of physics and metaphysicians. In general, it has been customary to distinguish between realist and anti-re-
alist views. Although this distinction is useful, it is perhaps not sufficient to capture all the possible metaphysical atti-
tudes that can be adopted towards symmetries. In this article, I have laid out alternative views that configure a map of
the metaphysical attitudes towards physical symmetries. Although not aiming for completeness, it goes beyond the real-
ist vs. anti-realist opposition, highlighting the subtleties of similar, but different views, and paving the way for yet unex-
plored views:

Figure 1

A coarse-grained map of possible metaphysical attitudes towards symmetries.
Dotted arrows represent possible connections
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Keywords ABSTRACT: Since the 1960s, the distinction between data and phenomena has fueled debates in the philosophy of sci-

ence, with scholars arguing that data must be modeled in order to serve as evidence for phenomena. We claim that the mod-
Pattern eling of data to obtain evidence for phenomena involves four levels: data, sample structure, population structure and phe-
Phenomenon nomena. Our analysis suggests that the notion of pattern is essential to fully grasp the inferential capacity of data models,

where representation occurs through nested surrogative reasoning —typically in the form of an isomorphism that holds at
different layers. We also explain how our taxonomy of pattern-based inferential steps could shed light on various aspects of

Statistical inference

Nested m(.)dehng nested data modeling, such as the risk of theoretical bias. To illustrate our proposal, we examine the Eddington experiment

Isomorphism —which tested general relativity by observing the deflection of starlight near the Sun—, and show how patterns at differ-
ent levels of the data modeling provide the basis for nested surrogative reasoning in this case. Transforming the data points
identified on photographic plates into a representation of light deflection requires a multi-layered search for patterns, where
each pattern takes us one step further in data modeling and one step closer to the target phenomenon.

Palabras clave RESUMEN: Desde la década de 1960, la distincion entre datos y fenémenos ha dado lugar a amplios debates en la
filosofia de la ciencia, habiendo un claro acuerdo en que los datos deben modelarse a fin de que sirvan de evidencia para

Patrén determinar la ocurrencia de fendmenos. Sostenemos que la modelizacién de datos, con el fin de obtener evidencia sobre

Fendmeno fenémenos, involucra cuatro niveles: datos, estructura de la muestra, estructura de la poblacién y fenémenos. Nuestro

Inferencia estadistica andlisis sugiere que la nocién de patrén es esencial para entender la capacidad inferencial de los modelos de datos, donde

. . la representacion se produce mediante razonamientos subrogatorios anidados —habitualmente en forma de isomorfismo
Modelizacién anidada

. entre diferentes capas. También explicamos cémo nuestra taxonomia de pasos inferenciales basados en patrones podria
Isomorfismo

arrojar luz sobre diversos aspectos de la modelizacién de datos anidada, como aquellos relativos al riesgo de sesgo teérico.
Para ilustrar nuestra propuesta, examinamos el experimento de Eddington —que puso a prueba la relatividad general ob-
servando la desviacion de la luz de las estrellas cerca del Sol—, y mostramos cédmo los patrones en diferentes niveles del
modelado de datos proporcionan la base para el razonamiento subrogatorio anidado en este caso. Transformar los pun-
tos/datos identificados en las placas fotograficas en una representacién de la desviacion de la luz requiere una busqueda
de patrones en varios niveles, en donde cada patrén constituye un paso adelante en el modelado de datos y nos acerca un
paso mis al fenémeno objetivo.
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Models of data and the representation of phenomena: a pattern-based inference

1. Introduction

Scientific representation encompasses a wide and diverse range of practices. This paper narrows its focus to a specific
domain within that practice: one in which models of data play the key representational role, by enabling inference
from data to phenomena.

Since at least the 1960s, the distinction between data and phenomena has given rise to important debates in the
philosophy of science. Both Suppes (1962) and, later, Leonelli (2009, 2015, 2019) argue that data can only con-
stitute evidence for phenomena once they have been modeled, that is, assembled and arranged in a particular way.
In a similar vein, Sudrez (2024) has recently characterized the models of data, within certain domains of inquiry, as
low-level mathematical models that represent those abstract features of the data that are relevant for the purposes at
hand. His inferential conception of scientific representation emphasizes how mathematical models —such as statis-
tical models of data— involve nested surrogative reasoning between their different layers (Sudrez, 2024, p. 167).

Our purpose is to show the importance of the notion of pattern for understanding the inferential capacity of data
models. We contend that, despite the fact that patterns play a crucial a role in the inference from data to phenom-
ena, the notion of “pattern” has not been deeply investigated from an analytical point of view. This has often led
to an ambiguous use of this notion, as noted by Bruce Glymour (2000), who proposes replacing the distinction be-
tween data and phenomenon with a classical distinction in statistics, namely, that between sample and population
structure. We will suggest a revision of Glymour’s proposal, advocating the need to distinguish between four dis-
tinct levels, i.e., data, sample structure, population structure and phenomena, and will explain the character and na-
ture of each step necessary to move from one level to the next. We argue that the inferential, representational capac-
ity of data models can be better understood as a three-step inferential process involving the above four levels. Our
claim is that this multilayered account of data models can be useful to account for the kind of nested surrogative
reasoning invoked by Sudrez (2024) in his characterization of models of data.

From what has been said, it is clear that our concept of pattern is statistical-mathematical. The present analysis
of the notion of pattern is limited to cases where the term “pattern” is applied to something that can be derived
from a set of data. We stress the importance of patterns in identifying regularities in mathematical representations.
These regularities can be expressed numerically. We distinguish three different senses in which the term ‘pattern’ is
be used: (a) mathematical, as a distinction between signal and noise;! (b) statistical, which includes both descrip-
tive and inferential uses of statistics; and (c) geometric or informational, as found in DNA chains, the growth pat-
terns of shells and Brussels sprouts. The main sense in our proposal combines (a) and (b). Patterns that are neither
mathematical nor statistical in nature —sense (c)—, such as those associated with the identification of the structure
of DNA fall outside the scope of our article, since they determine an entity rather than a phenomenon. Consider
X-ray crystallography, where evidence famously led Rosalind Franklin and her collaborators to attribute an antiheli-
cal structure to the ‘dry’ form of DNA. In this case, the properties of an entity are established based on the patterns
seen in the photographs. However, no specific phenomenon is identified, unlike the melting point of lead, the de-
flection of light, or linear learning.?

We will illustrate the pattern-based inferential steps from data to phenomenon by using a well-known example
(Laymon, 1982; Mayo, 1996; Kennefick, 2009, 2019), namely, the so-called “Eddington experiment”, which was
intended to empirically test the theory of general relativity by confirming the prediction about the deflection of
light. In this case, the small sample size entails special difficulties that can only be overcome by introducing local

This is the prevailing sense in McAllister’s (1997) discussion of the inference from data to phenomena. While we share some of his con-
cerns about the indeterminacy of this process, we also believe that our approach can also help to address this issue. However, we will leave
this for another paper.

2 See Schindler (2008; 2013, pp. 95-96).
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checks and plausible assumptions about how the instruments function. This made it possible to determine a suffi-
ciently representative sample pattern, i.e., the deviation of the points of light captured in the photographs from the
center of the Sun as it appears in them. Based on this, an inference can be made about the phenomenon of light’s
path deviating when passing close to the Sun. This final step involves making a causal inference, since phenomena
are conceived as the (often unobservable) cause of the observed data. Our example also shows how patterns, in the
statistical-mathematical sense, play a crucial role in nested surrogative reasoning.

Our approach in this paper unfolds in three steps. First, we offer a concise overview of our perspective on the in-
ferential process from data to phenomena. The next step is to examine how our framework can be useful in un-
derstanding data models that involve nested surrogative reasonings between their different layers. Finally, we pro-
vide an example to show how, in models of data such as those at play in Eddington experiment, the surrogative
reasoning characteristic of representation manifests as isomorphisms holding between different layers of those
data models.

2. Bridging the gap between data and phenomena

2.1. THE DATA/PHENOMENON DISTINCTION

To frame the problem of patterns, we first examine the debate over the distinction between data and phenomena,
where the concept of “pattern” proves highly relevant. As Woodward (2010, p. 792) points out, the introduction of
this distinction was motivated by its relevance in addressing the epistemic problem of using data as evidence. The
discussion stems from a question that Antonis Antoniou has recently articulated very clearly:

How exactly are theoretical hypotheses eventually confronted and tested by experimental results
given that the latter are often produced in the form of large datasets and in a language that is not
accessible to the theory? (Antoniou, 2021, p. 2)

This question has been central in contemporary philosophy of science, where it is widely accepted that empirical
phenomena emerge from a complex collection of data (Bogen & Woodward, 1988; Woodward, 1989, 2000, 2010;
McAllister, 1997, 2011; Glymour, 2000; Massimi, 2007; Leonelli, 2015, 2019; Bokulich, 2018, 2020). Since the
early characterization of the notion of data models by Patrick Suppes (1960, 1962), significant efforts over recent
decades have explored how data models are applied in specific research contexts to infer phenomena from data (Leo-
nelli, 2009; Antoniou, 2021; Bokulich & Parker, 2021).

All of the aforementioned authors agree that raw, unprocessed data do not serve as evidence. This debate already has
a long history, which we do not aim to examine in detail. Rather, we assume the widely accepted view that scientific
observations and experiments rarely allow for the direct observation or detection of phenomena. Instead, they detect
certain effects that are captured in the form of data, which can, in principle, be attributed to the target phenomena.
The epistemic problem lies in determining the occurrence of stable phenomena from a heterogeneous and unstable
set of data, which almost always occurs in combination with noise and whose understanding is also limited (Wood-

ward, 2010, p. 794).

Suppes addressed data models in the 1960s, conceptualizing them as statistical constructs that distill complex exper-
imental processes, whose purpose is to facilitate comparisons between empirical results and theoretical predictions.
Although Suppes did not explicitly focus on patterns, his emphasis on homogeneity, stationarity, and order tests
suggests an implicit recognition of their importance in data modeling. Under his view, it is the patterns, not the raw
data set or unmodeled experimental results, what can be interpreted as phenomena, whether consistent with predic-
tions or not.
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Later, Bogen and Woodward reinforced the distinction between data and phenomena. Arguing against van Fraas-
sen’s (1980, 1989) view, they held that theories are primarily concerned with unobservable phenomena, rather than
observed data (Bogen & Woodward, 1988; Woodward, 1989). According to Bogen and Woodward, data are un-
stable, observable reports from experiments, unlike phenomena, which are stable, theory-explained features of the
world inferred from reliable data patterns. In contrast to data, phenomena are unobservable but serve as evidence for
theories because they are the underlying cause of observed data.

More recently, discussions have been focused on how, within different fields, scientists generate and process data
to identify empirical phenomena, as exemplified by Leonelli’s work in biology (2015, 2016, 2019) and Bokulich’s
(2018, 2020) in paleontology. Leonelli (2019) views data models, unlike unmodeled data, as actual, ready-to-use ev-
idence, designed to systematically organize data for representing phenomena and supporting evidential claims. Simi-
larly, Bokulich (2020) contends that data models surpass “raw data” in accuracy and reliability, and thus are more
appropriate tools to science’s epistemic goals. In this vein, Leonelli (2009, 2015, 2019), and Bokulich and Parker
(2021) highlight the pragmatic nature of data models, as specifically designed tools to yield particular evidence to
support a certain theory.

In McAllister’s 1997 and 2011 works, the notion of pattern is central to his analysis of reasoning from data to phe-
nomena, in an approach that is focused on the issue of the extreme underdetermination in this inference. As a re-
sult, he does not explicitly define patterns, beyond equating them with the notion of signal in a conception where
data is split into signal and nose, and phenomena are identified with signals. In McAllister’s view, the identification
of patterns —or signals— depends on how data are decomposed into signal and noise, which allows for multiple in-
terpretations of the same original data set. This leads to the concern that inference from data to patterns —and ulti-
mately to phenomena— is fundamentally undermined by the ambiguity of the data, since any data set can yield an
indefinite number of patterns.

Particularly interesting for our proposal is Glymour’s (2000) critique of the vague use of the term in the data-to-
phenomena inference debate, and his suggestion of replacing the philosophical distinction between data and phe-
nomena with the statistical concepts of sample structure (that is, patterns recognized in the data sample) and pop-
ulation structure (that is, population model identified with the phenomenon). According to Glymour, the latter
distinction offers greater precision, with sample structure consisting of statistical measures derived from the collected
data, and population structure representing the generalization of these measures to the entire population. As a result,
the inference from data to phenomena is seen as a two-step process: first, a pattern is identified within the sample,
and second, the identified pattern is extrapolated to the entire population and used to define the phenomenon un-
der study.

However, while Glymour’s focus on statistical distinctions is valuable, his analysis conflates data with sample struc-
ture and population structure with phenomena, leaving the two senses of pattern present in the discussion unclear
and mixed with other separate notions. In this regard, our analysis emphasizes the mediating role of patterns as es-
sential for inference from data to phenomena, and the transformation of raw data into interpretable structures that,
once generalized, provide a basis for characterizing the underlying phenomenon.

2.2. PATTERNS AS MEDIATORS BETWEEN DATA AND PHENOMENA

Patterns are essential to both statistics and contemporary scientific research. From a philosophical and statistical
point of view, patterns are sets of properties in the form of regularities that characterize the members of a particular
group. Recognizing patterns is the goal of several statistical methods, including cluster analysis, discriminant analy-
sis, decision trees, and artificial neural networks. These approaches help distinguish between categories and uncover
relationships between indirect measures and the phenomenon under investigation. Examples include discharge pat-
terns in electronic particle detectors and reaction times in psychological studies (Bogen & Woodward, 1988).
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We will now show how to distinguish data from patterns and patterns from phenomena by defining specific mean-
ings of “pattern” and organizing the analysis into three sequential steps.

Step (a): From data to patterns in the data (sample statistics)

The initial step involves transforming raw empirical data into structured and interpretable sample statistics. This step
involves processing raw empirical data collected in an experiment to identify statistical patterns, which includes com-
puting descriptive statistics such as means, medians, standard deviations, correlations, and visual representations (e.g.,
histograms), together with data cleaning, variable selection, and outlier removal are performed to refine the data set.

This process is both statistical-methodological and partly epistemological. The raw data, often messy and unstructured,
is subjected to cleaning (e.g., removing outliers, handling anomalies) and summarization (e.g., means, medians, correla-
tions) to reveal trends or patterns. These patterns are not yet general claims about the world, nor claims about the tar-
get phenomenon; they are descriptive abstractions of the sample at hand. Techniques like histograms or preliminary
clustering help distinguish signal from noise, making this a foundational act of pattern recognition. As a result, this step
helps differentiate meaningful patterns from noise and provides a summarized representation of the sample behavior.

This first step has an interesting dual character. On the one hand, it is technical (relying on statistical-mathemati-
cal tools) but also it is interpretive, as decisions about which variables to prioritize or how to handle inconsistencies
unavoidably shape the resulting patterns. This dual character is the norm in contemporary scientific practice, where
data preprocessing is as critical as the analysis itself.

Step (b): From sample to population patterns (population statistics)

The second step generalizes the patterns found in the sample to the whole population. The transition from sample
statistics to population statistics introduces a leap of generalization, which has a statistical-epistemological character.
It requires assumptions about sample representativeness and usually involves techniques such as statistical inference,
confidence intervals, and hypothesis testing. On this basis, this step hinges on inference —extrapolating patterns ob-
served in a limited sample to a broader population. Statistical tools such as confidence intervals and hypothesis test-
ing quantify the uncertainty of this jump, despite the fact that the inference is based on an assumption that cannot
be conclusively proven, such as the representativeness of the sample.

As a result, the transition from sample statistics to population statistics introduces an epistemological gap, since it
relies on probability-based estimations and, more importantly, on extrapolations. Unlike sample statistics, which
are directly derived from data, population statistics remain theoretical and require careful validation. This point
is where the epistemological weight becomes evident. Unlike step (a), which is grounded in the concrete data col-
lected, step (b) moves into the realm of the unknown, estimating population parameters that cannot be directly ob-
served. Despite this or, precisely, because of it, this step is crucial for science’s aim to produce universal assertions
and laws, and ultimately causal explanations that go beyond the limits of empirical knowledge.

Step (c): From population patterns to phenomena

The third step interprets population patterns as empirical representations of particular phenomena. Thus, this step moves
from population statistics to the empirical characterization of the phenomenon itself, which entails a causal inference from
data to phenomena (i.e., the phenomenon is conceived as the —often unobservable— cause of the observed data).

As a result, patterns attributed to the population are interpreted as manifestations of an underlying phenomenon.
This is a distinctly epistemological move, as it involves hypothesizing a causal relationship between the observed pat-
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terns and the “hidden” reality they reflect. Researchers may use decision trees, cluster analysis, or dimensional re-
duction techniques —such as factor analysis or principal component analysis (PCA)— to identify key explanatory
factors. However, the interpretive role of the researcher is critical —deciding which variables best capture the phe-

nomenon.

Two-step or three-step approach?

Finally, depending on the analytical method adopted, the transition from data to phenomenon can follow either a
three-step approach —progressing through sample statistics, population statistics, and empirical characterization of
the phenomenon— or a two-step approach, where dimensional reduction could allow a direct identification of the
phenomenon at the sample level.

The two-step approach —using techniques such as factor analysis or principal component analysis (PCA) directly
on the cleaned data— constitutes a significant alternative. By identifying underlying factors or components early on,
this approach collapses the three-step process into two: (1) from the data to the sample-level phenomenon, via di-
mensional reduction, and (2) from the sample-level phenomenon to the population-level phenomenon, via statisti-
cal validation. This approach bypasses the explicit construction of sample statistics as an intermediate step, and in-
stead searches for the phenomenon in the underlying structure of the data.

3. Inferential steps, patterns and nested modeling

In the following sections, we will examine how our approach can reveal the nested nature of data models and the
crucial role of patterns in the inferences that lead to the representation of phenomena. To this end, we will rely on
Sudrez’s view of models of data, which explicitly incorporates the concept of nested reasoning —a notion that we
also deem to be important.

3.1. NESTED MODELING IN SUAREZ’S VIEW OF DATA MODELS

Although Sudrez’s inferential account of representation excludes isomorphism between source and target structures
as an essential condition for representation, he nevertheless acknowledges its significant role as a means of scientific
representation (Sudrez, 2024, pp. 167-168). He emphasizes that surrogate reasoning, when based on theoretical and
mathematical models, is often facilitated by isomorphisms between source and target. Among the various domains
of modeling where isomorphism is most likely to play this role, Sudrez draws attention to the domain of data mod-
els. Thus, despite his rejection of isomorphism as a constitutive element of representation, he regards data models as
a type of model in which isomorphism is most plausibly the means of representation.

Sudrez (2023, pp. 46-54; 2024, p. 167) characterizes models of data as low-level mathematical constructs that rep-
resent abstract and relevant features of the data, often through isomorphisms. In his view, mathematical models of
data are multilayered and involve nested surrogate reasoning between their different layers. Consequently, he refers
to both isomorphism and nested modeling as features of data modeling, which together help to enable surrogative
reasoning from source to target. In this context, he states the following:

We saw that, while mathematical models —such as the Lotka-Volterra model or statistical mod-
els of data— are prima facie candidates for isomorphic relations, they turn out in more complex
ways to involve nested surrogative reasonings between their different layers. These models are
again no objection to [inf] since any means to promote surrogative reasoning from source to tar-
get is compatible with the source’s inferential capacities. (Sudrez, 2024, p. 167)
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In an earlier paper, Sudrez (2023) examined an example of nested modeling in the field of asteroseismology
—also discussed by Castellani & Schettino (2023). In this case, data models involve the identification of fluc-
tuation patterns in the luminosity of stars which, supported by multiple modeling assumptions, allow for the
inference of seismic oscillations within them. These seismic oscillations, in turn, provide highly valuable evi-
dence for models of stellar structure. The data models that enable the identification of seismic oscillations
are nested in a complex background of models, which Sudrez analyzes in detail (2023, pp. 120-123). The ex-
pression ‘nested models’ intuitively refers to the idea that, in some contexts of inquiry, “(...) all models con-
tain assumptions that involve or result from other models” (Sudrez, 2023, p. 112). Sudrez characterizes nested
modeling not only as a presuppositional relationship between models, but also as one that involves the use of
real (collected) data to enrich the empirical interpretation of theoretical models and to develop them further
—thereby allowing the data to be inferred or estimated through these enriched, more sophisticated theoretical
models. More specifically:

It concerns the nested nature of modelling; the fact that most models operate against a back-
ground that incorporates further models, and where data is routinely tested backwards, as it were
—by deducing the values of theoretical parameters from the data given some background as-
sumptions, and where those parameters are then fed into new models that can appropriately gen-
erate the data. (Sudrez, 2023, p. 112)

It is worth noting a peculiarity of the case of asteroseismology that is shared with other cases from geology
and engineering, namely the use of forward or inverse modeling to explore how different modeling alterna-
tives yield different estimates of the data. Stellar structure models serve as theoretical building blocks that pro-
vide preliminary and partial guidance for interpreting brightness patterns in terms of seismic oscillations. This
guidance is subject to revision if the data do not agree with the predictions of the theoretical stellar structure
models (ibid., pp. 125-126). In the example analyzed by Sudrez, the evidential —or “observational”— ba-
sis of stellar astrophysics is established by means of a complex combination of nested models required to ob-
tain and interpret data on stellar seismic oscillations. These data are derived from the fundamental phenom-
enon of regular pulsations in the brightness of a star, which are caused by gravitational or acoustic oscillations
generated by rotational or convective forces. Further modeling assumptions are required to go from the data
on seismic oscillations to the oscillation patterns of nodes (radial and non-radial) for both pressure and grav-
ity modes (ibid., p. 121). The overall oscillatory profile of a star provides highly valuable evidence for evaluat-
ing not only stellar structure models, but also traditional modeling assumptions in the form of idealizations.
Sudrez emphasizes the need to re-examine the nested models once the data modeling is complete, especially if
the results suggest that certain assumptions should be reconsidered. In the case of asteroseismology, assump-
tions such as blackbody radioactive equilibrium, spherical symmetry and uniform composition may be chal-
lenged by the empirical evidence gathered.

Sudrez’s description of nested models operating in the above case suggests a kind of circularity; however, he claims
that this does not amount to an experimenter’s regress in the sense described by Collins (1992). The latter would in-
volve the assumption of theoretical models in data modeling, thereby (partly) determining the very evidence used to
test those same theoretical models. As is well known, Collins’ classic example is the detection of gravitational waves.
In his view, theoretical assumptions —such as those about stellar structure— may be useful for establishing some
tentative constraints on how data should be derived or explained, but this would be part of a wider procedure aimed
at comparing actual data, obtained by independent means, with data inferred under certain theoretical assumptions.
In Collin’s example, theoretically predicted oscillation frequencies are compared with actual observed oscillations,
and discrepancies lead to adjustments in the theoretical parameters or background models used to make the predic-
tions. As Sudrez argues, rather than introducing a theoretical bias, the nested structure of data models allows for a
more thorough assessment of how evidence is constructed and evaluated.
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3.2. NESTED MODELING AS A PATTERN-BASED INFERENCE

We believe that our approach, which is in line with Sudrez’s view in several ways, can provide valuable insights into
how data models are characterized. Although our approach is not committed to a particular theory of representa-
tion, it reinforces the idea that isomorphism plays a major role in how data models represent phenomena. In par-
ticular, we emphasize the importance of patterns in capturing regularities in mathematical representations, which
makes them particularly well-suited for representing phenomena using isomorphisms. In our view, the notion of
pattern is essential to understanding the inferential capacity of data models. Furthermore, we fully back the idea
that, in typical cases of data modeling, surrogate reasoning —characteristic of scientific representation— relies on
isomorphisms that hold across different layers of the model.

The Eddington experiment is also useful to see how, in principle, the nested modeling required for the develop-
ment of data models is not necessarily subject to the problem of experimenter’s regress. For the reasons set out by
Kennefick (2019) and emphasized by Sudrez (2025), we believe that the concerns raised by Earman and Glymour
(1980) regarding Eddington’s experiment are misguided. As convincingly argued by Kennefick in a chapter entitled
“Not only because of theory” (2019, pp. 181-225), the background models supporting the light deflection infer-
ence were independent of the theoretical models from general relativity that led to Einstein’s prediction. Although
general relativity and Einstein’s predictions were taken into account in drawing conclusions from the data, the data
themselves were generated independently and stood on their own. Neither the generation of the data nor their selec-
tion and modeling depended on theoretical assumptions from Einstein’s theory. Kennefick provides historical evi-
dence to show that even if both Eddington and Dyson admired the theory as a theoretical achievement, neither of
them assumed its adequacy in advance. It is therefore inaccurate to attribute to them a confirmation bias in data se-
lection, as Earman and Glymour do, because neither of them assumed the adequacy of the theory. Other reasons
given by Kennefick regarding the methodology used to select data further support the claim that the selection pro-
cess was unbiased. An analysis of the nested models involved in this case sheds light on the quality of the data se-
lected and the methodological soundness of their modeling. The discarded data —those more consistent with New-
tonian predictions— came from photographic plates where interfering factors, known to affect the operation of the
instruments, had clearly degraded the image quality. If assumptions about confounding factors were critical for se-
lecting reliable data, assumptions about confounding factors were equally important for modeling the data to iden-
tify a pattern in the shift of starlight. As we will see in the next section, Einstein’s prediction was only confirmed
when the effect of the main confounding factor —the scale shift— was calculated and subtracted from the original
observed pattern.

In the next section, we show what this inferential practice involving different layers would look like if our character-
ization of data models were supplemented with some insights from Sudrez’s approach. In applying our taxonomy of
inferential steps, we show how the presuppositional relations between layers in nested modeling can be seen as cor-
responding to the presuppositional relations between layers in inference from data to phenomena via patterns. In
both cases, models are built on a background of other models, and the quality of evidence can only be properly as-
sessed by tracing the lineage of modeling assumptions involved in the nested structure.

4. Application Example: Eddington Experiment

4.1. EXPERIMENT PRESENTATION

An important example of inference from data to phenomena is the “Eddington experiment”, designed to empirically
test Einstein’s general relativity by confirming the predicted deflection of starlight near the Sun during the 1919 so-
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lar eclipse starlight (Laymon, 1982, pp. 108-113; Mayo, 1996, pp. 132-139, chapter 8; Kennefick, 2009, 2019;
Sudrez, 2025). Woodward (2000, p. 164; 2010, pp. 792-797) frequently mentions this case to illustrate how data
from photographic plates mix the target variable (light deflection) with confounding factors such as telescope pecu-
liarities, thermal effects on instruments and chemical influences during plate development. As Woodward (2010,
pp- 793, 797) argues, understanding these additional variables is essential to assess the reliability of inferences from
data to phenomena. In our analysis, this knowledge aids in identifying patterns that serve as evidence for the phe-
nomenon under study, and applying the concept of “pattern” enhances the precision of such inferences.

As is well known, British astronomers Frank Watson Dyson and Arthur Stanley Eddington organized two expedi-
tions to gather evidence from the 1919 eclipse, in order to test Einstein’s prediction of light bending near a massive
body (Laymon, 1982; Mayo, 1996). The method relied on discrete data, namely, star positions on photographic
plates taken during the eclipse and compared with night-time plates of the same field, captured months later when
the Sun had shifted from the Hyades. Three data sets were produced by the two expeditions, the first was to Sobral
in Brazil and the second was to the island Principe off the West African coast. Data sets 1 and 2 were generated us-
ing the 4-inch Sobral telescope and the Sobral astrograph, respectively. Data set 3 was produced with the Principe
astrographic telescope. The data were cleaned and selected, excluding data set 2, as well as light point positions from
photographic plates with images considered defective due to astronomical or atmospheric effects.?

In this experiment, the inference process involves a key pattern: the sample pattern, that is, the observed displacement
of star positions —i.e., light points— in the eclipse photographs relative to the Sun’s center. This pattern was used to
infer the phenomenon of starlight deflection near the Sun. It took decades to expand the sample size to obtain a more
robust, generalizable population pattern.* However, thanks to the efforts made in controlling secondary factors and
analyzing sources of error, the sample pattern was found to be a good representation of the phenomenon. Although
the similarity between the Principe and Sobral observational patterns did not in itself justify their selection, they
were chosen (on the basis of other factors) for the subsequent extrapolation of their results to a broader population
—namely, all instances where starlight passes near a massive body. In this case, the epistemological factor had much
more weight than the statistical one, since the sample size (i.e., the number of locations from which the eclipse ob-
servation was made) was small, making the statistical dimension less relevant than it would have been had there been
more locations. Although the photographic plates were considered representative, the astronomers recognized the
need for further validation and confirmed the pattern’s consistency through additional observations (Kennefick 2009:
38). This is why there is a two-step pattern-based inference in this example instead of a three-step one.

The first step involved identifying the sample pattern by superimposing eclipse and comparison plates, cleaning de-
fective data (e.g., due to atmospheric effects), and isolating light deflection from confounding factors like scale shift
—a radial displacement mimicking deflection. Unlike deflection, which peaks near the Sun’s limb and diminishes
with distance, scale shift affects stars farther from the image center most strongly. Hence, a key distinction exists be-
tween the two effects. Light deflection is most pronounced for stars near the Sun’s limb and diminishes with distance,
whereas scale shift has the greatest impact on stars far from the image center, with minimal effect near the center.

To accurately isolate the pattern tied to light deflection and rule out scale shift as the cause, calculating the scale
shift effect is essential. The Cambridge team addressed this by taking “check plates” of a different star field at night,
both in the UK and Principe. These plates served to detect significant scale changes between the eclipse and com-
parison photographs, enabling Eddington to account for variations arising from differences in timing, location, or

3 Asdata sets 2 and 3 were both of poor quality, there has been a heated debate as to whether excluding only data set 2 —which was more
in agreement with Newton’s prediction— was a biased decision. While some argue that it was (Earman & Glymour, 1980), others oppose
this idea (Kennefick, 2009, 2019; Schindler 2013), albeit for different reasons. For a brief overview of our position on this matter, see our
comments in Section 3.2 above.

4 Forasurvey of light deflection measurements from 1919 to 1960 see von Kluber (1969, pp. 58-63).
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equipment setup. Using the positions on the check plates (white positions in the image), Eddington quantified the
scale shift and subtracted its effect from the light point displacements observed when superimposing the eclipse and
comparison plates. This subtraction isolated the light deflection effect, represented as the deviation a between the
black and white positions of the same stars shown in Figure 1. Thus, in this experiment selecting the appropriate
data and controlling the primary confounding factor (i.e., scale shift) are pivotal in identifying the sample pattern
associated with light deflection.

Figure 1

Position of the stars closest to the Sun during the 1919 eclipse.
[Diagram adapted from Kennefick (2019, p. 191)]

The second step entails inferring the phenomenon from the established population pattern via causal inference. This
step confirmed Einstein’s prediction of light bending by interpreting the generalized pattern in step two as evidence
of the phenomenon. Using standard astronomical statistical methods, the light point displacements were analyzed
as deviations. The results revealed Sobral’s deviation angle as 1.98 + 0.12 arcsec and Principe’s as 1.61 + 0.30 arcsec.
Given the Newtonian prediction of 0.87 arcsec for light grazing the Sun’s surface, these findings aligned with Ein-
stein’s predicted value of 1.75 arcsec, confirming the phenomenon of light deflection.

4.2. INTERPRETATION IN TERMS OF NESTED MODELING AND ISOMORPHISMS

Let us now examine how Eddington’s experiment can be interpreted in terms of nested modeling and isomor-
phisms. Eddington’s experiment exhibits the typical presuppositional relationships between models that characterize
nested modeling. Rather than focusing on the theoretical model as the final result, we concentrate on the empirical
model that underpins the observation of light deflection. This empirical phenomenon is established on the basis of
other models, with the model representing the former being nested within those supporting the latter. In what fol-
lows, we will schematically outline the source-target relation at each level of modeling, along with the relation that
enables the representation of the target by the source. To fully account for the role of isomorphism, we introduce an
initial step that was ignored in our previous analysis.
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The starting point of data handling in the experiment is the selection of photographic plates, from which the sample
data are selected. In this case, the SOURCE ) is the relative positions of light points in selected photographic plates, the
TARGET ;) is the relative positions of stars in Hyades clusters, and the 1soMORPHISM ;) taking place between sOURCE,
and TARGET ,, is the means to infer that points in the plates correspond to light coming from the stars (see Figure 2).

Figure 2

Lsomorphism in the selection of sample data. [Initial step]

Then, researchers identified a statistical pattern in a sample of photographic plates. In this initial step, the sam-
PLE,,, are the photographic plates (i.e., the relative positions of light points in selected plates, which was source),
the SOURCE,,, is the statistical patterns of displacement of the light points in the photographic plates relative to the
center of the Sun —as depicted in Figure 1—, and the TARGET,,, is the light’s behaviour displacement in the sam-
ple depending on whether it passes or not close to the Sun. 1soMORPHISM,, takes places between the source, (i.e.,
sample statistics from the places) and the TARGET,,, (i.e., trajectory of light in the observational scene), enabling the
inference from source to target (see Figure 3). However, no isomorphism takes place between the SOURCE,, (i.e.,
sample pattern) and the samPLE , (i.e., the photographic plates).

Figure 3

Lsomorphism in the identification of statistical patterns. [Step 1]
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Steps b) and ¢) in our characterization of the inference from data to phenomenon (see Section 2.2) have no di-
rect equivalents in the case of Eddington’s experiment, since no additional instances of light behavior during
eclipses were available at the time. In this historical example, population patterns do not come into play to in-
fer the phenomenon —namely, the deflection of light by the Sun. However, the extrapolation of the result is
indeed pursued. In this case, the full generalizability of the detected phenomenon requires steps (b) and (c) to
be carried out subsequently, once new samples become available.> This would allow the inference of a popu-
lation pattern generalizable across cases of the same type, by extending the statistical patterns of displacement
observed in the photographic plates to patterns of displacement expected in the entire population. In this sec-
ond step, an isomorphism holds between the population patterns and the general phenomenon of light deflec-
tion beyond Eddington’s specific observational context. Moreover, a homomorphism® is present between the
statistical patterns and the population patterns, and it is this homomorphic relation that licenses the inference
from source to target.

Returning to the actual development of the inference in our example, the next step involves inferring the cause
of the sample pattern —namely, the phenomenon of light deflection as it travels near the Sun. In this case, the
SOURCE,, is a particular value of starlight deviation inferred from the statistical pattern (see Figure 4), while the Tar-
GET,, remains the same as TARGET;,— namely, the deflection of starlight as it travels near the Sun.

Figure 4
Isomorphism in the inference of starlight deflection when travelling near the Sun. [Step 2]

w

The frequency of this type of case depends largely on the extent to which sample collection is constrained (i.c., on whether there are re-
strictions on extending the sample). When samples are readily available and affordable, the steps involving population patterns proceed as
outlined in Section 2.2, that is, population patterns are inferred from sample patterns and serve as the basis for inferring the phenomenon.
But even in the present case, the inferred particular phenomenon is considered as an instance of a general phenomenon that could be ex-
plained by general relativity.

¢ A homomorphism of systems is a weaker mapping relationship between two systems that preserves the structure of the source system
in the target system. More formally, there is a homomorphism between two systems § and 7, if 2 $+7 is a function that respects the re-
lationships and operations defining the behavior and structure of system § within system 7. On the other hand, an isomorphism is a
homomorphism f'that is injective (cach component in § maps to a unique component in 7)), and surjective (cach component in 7 has a
preimage in S).
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S. Conclusions

The preceding discussion emphasized the role of patterns as mediating in the inference from data to phenomenon.
Odur analysis reinforces the idea that data models are nested within background models that significantly influence
data selection and processing —from assumptions about boundary conditions and control of hidden variables, to
the statistical treatment required for pattern identification. We conclude that patterns play a crucial role in bridging
data and the identification of phenomena, enabling surrogative inference through isomorphic relationships between
source and target at each level of modeling.
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ABSTRACT: Many attempts have been made to characterise and solve the infamous measurement problem of quan-
tum mechanics by advocating, implicitly or explicitly, different realist perspectives. As a result, we are still uncertain
where this problem and its corresponding solution are to be located in the realism-antirealism debate. On the basis of a
well-known characterisation of scientific realism, this paper intends to fill this gap by arguing that the quantum descrip-
tion of the processes involved in typical measurements is problematic from the standpoint of sezantic realism, which is a
necessary but not sufficient condition for fully-fledged scientific realism.

RESUMEN: Se han hecho muchos intentos de caracterizar y resolver el problema de la medicién de la mecdnica cudn-
tica adoptando, implicita o explicitamente, distintas perspectivas realistas. En consecuencia, ain no sabemos con certeza
dénde situar este problema y su correspondiente solucién en el debate realismo-antirrealismo. Con base en una conocida
caracterizacion del realismo cientifico, este trabajo pretende llenar este vacio argumentando que la descripcién cudntica
de los procesos implicados en las mediciones es problemética desde el punto de vista del realismo seméntico, el cual es
una condicidn necesaria pero no suficiente para un realismo cientifico.

1. Introduction

It is well known that the feasibility of interpreting quantum mechanics (QM) realistically is controversial, in part be-

cause this theory faces numerous conceptual issues that cannot be addressed without directly participating in the real-

ism-antirealism debate. Among these issues we find the measurement problem. Although alternative quantum theories

and interpretations have been suggested in order to solve this problem, we do not yet have a definite picture of what ex-
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actly might reconcile these alternatives with scientific realism. For example, beyond the standard way to formulate QM,
including unitary quantum mechanics (UQM) and standard quantum mechanics (SQM), some of these alternative in-
terpretations (to be addressed in this contribution) comprise Frauchiger-Renner formulation (FRQM), some non-col-
lapse interpretations NCQM), the Bobmian approach (BQM) and objective collapse interpretations (GRW). By UQM
we shall mean the unitary theory that excludes from SQM (the one usually reviewed in textbooks) any reference to
the collapse postulate but retains the completeness assumption with respect to the wave function. By FRQM we shall
mean the theory associated with a particular interpretation of (von Neumann, 1932) that, to the best of our knowl-
edge, forms the basis of the extended Wigner’s friend experiment proposed by (Frauchiger and Renner, 2018). Finally,
by NCQM we shall mean the set of non-collapse theories that are both unitary and include some interpretation of QM,
such as the many-worlds interpretation, relational quantum mechanics, the modal interpretation and the consistent
histories approach. Note that these interpretations share with UQM the completeness assumption and the wave func-
tion unitary evolution, but they are different in the sense that they deny the obtaining of definite and single outcomes
by means of different methods (to be described in this contribution).

Through a critical revision of how these quantum theories and interpretations have characterised the measurement
problem and/or supposedly solved it, our main contribution consists in understanding in what precise realist sense
this problem associated with QM is a problem for quantum philosophers. Considering that UQM, SQM, FRQM and
NCQM entail serious concerns regarding objectivity, understanding, and predictive reliability in our theoretical deal-
ings with phenomena, we seck to demonstrate that, to put it crudely, the measurement problem is a problem for seman-
tic realism, which is a necessary but not sufficient condition for fully fledged scientific realism. Since semantic realism
is compatible with (but not reducible to) realism and (or) antirealism, we conclude that the measurement problem is
neutral with respect to these philosophical positions. This does not mean, however, that the measurement problem is
independent of the realism-antirealism debate; rather, this problem presupposes certain realist commitments, such as
semantic realism, that cannot be appreciated if one insists in endorsing the endpoints of a more complex, continuum

realist spectrum.

Our methodological procedure goes as follows: in Sections 2 and 3 we lay down an appropriate characterisation of sci-
entific realism based on physics. Considering a well-known description of the measurement process, in Section 4 we
proceed to identify some interpretations compatible with QM without having any a priori preference towards one of
them. Once we have exhausted the most reasonable possibilities, in Section 5 we analyze the sense in which they are
problematic. In so doing, we support the claim that the measurement problem is a semantic realist struggle by identi-
fying the underlying realist criteria that are at stake in each of these interpretations. Finally, in Section 6, we conclude
that these interpretations are problematic in the sense that they fail the test of instrumental empirical adequacy or only/
and ontological clarity.

2. The scientific realism triad

Following the standard literature in the field (van Fraassen, 1980; Psillos, 1999; Chakravartty, 2017), physics-based
scientific realism may be generally defined in terms of the conjunction of three necessary components.! In addition to
the well-known mind-independent condition (i.c., a necessary condition for fully fledged scientific realism that shall
be taken for granted), the semantic component (hereinafter semantic realism) is, put simply, the view concerning how
physical theories are to be interpreted and what they are supposed to be saying without assuming that they are correct,
whilst the epistemic component (hereinafter epistemic realism) states, in addition to this semantic correspondence, that
what these theories say about the world is approximately correct.

1 NB: We focus only on the way these authors define scientific realism, regardless of whether or not they endorse it.
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As introduced by (Feigl, 1950; Horwich, 1982; van Fraassen, 1980) and later defined by (Psillos, 1999, p. 10), seman-
tic realism is associated with the realist’s desire to read physical theories literally, in the sense that the truth conditions
of theoretical assertions are specified, not to be confused with epistemic realism, which consists in specifying their truth
values (i.e., to assert whether or not the truth conditions obtain) (Psillos, 1999, p. 10).2 From the point of view of ob-
ject-oriented realism, the semantic component stipulates that the theoretical terms of physical theories have the sole
function of denoting putative objects, i.e, informing us what the world would be like according to these theories, as if
they were correct, whilst the epistemic component states, in addition to this semantic correspondence, that theoretical
terms approximately refer to the actual objects that constitute the world.

Although we accept that the use of the word ‘semantic realism’ could generate a linguistic confusion, it should be
stressed that this semantic component is compatible with anti-realism. This is because this component is a necessary
but non-sufficient condition for fully-fledged scientific realism. Let us note that, by definition, antirealism denies fully-
fledged scientific realism. Since fully-fledged scientific realism necessarily assumes the metaphysical, semantic and epis-
temic components, antirealism must deny one (or more) of these components. Granted this, someone of antirealist
spirit might embrace certain realist commitments, such as the semantic component, without assuming the epistemic
component, and thus without collapsing to fully-fledged scientific realism.? As a result, the semantic component of sci-
entific realism can be endorsed irrespective of whether we are realists or antirealists.

In the following section, we shall expand the definition of semantic realism by identifying additional semantic criteria
against which our best physical theories (QM in particular) are to be evaluated. Since semantic realism has not been a
point of special focus for philosophers of physics, we believe that they will find this way of expanding its definition both
appropriate and fruitful.

3. Scmtz'm'sz’ng semantic realism

According to our own reading of the above definition, we propose to identify two criteria that align with the semantic

component of scientific realism: ontological clarity and empirical adequacy.

3.1. ONTOLOGICAL CLARITY

Ontological clarity means that the realist must specify what exactly the theory in question says (i.e., what its theoreti-
cal terms designate), in the sense that the realist must describe the scientific world depicted by the theory in terms of
an ontology that has no considerable traces of semantic ambiguity. The association of this criterion with the seman-
tic component of realism follows from conventional literature in the field, and in particular, from a proper reading of
(van Fraassen, 1980). Saying, in van Fraassen’s words, that “a literal construal of a theory can elaborate by identifying
what theoretical terms designate”, provided that “on a literal construal, the apparent statements of science really are

statements, capable of being true or false” (van Fraassen, 1980, p. 10) is another way of saying that ontological clarity

It must be stressed that without the semantic component, there cannot be an epistemic component. Indeed, although literal construals of
theories are not the same as truth-value construals, it is necessary to have a literal interpretation of the theory just to specify the conditions
that make its assertions true (van Fraassen, 1980).

Note that this is precisely what van Fraassen does in order to motivate his constructive empiricism. Indeed, he insists that “not every philo-
sophical position concerning science which insists on a literal construal of the language of science is a realist position” (van Fraassen, 1980,
p- 11). To arrive at this conclusion, he divides the anti-realists into two sorts: “The first sort holds that science is or aims to be true, prop-
erly (but not literally) construed. The second holds that the language of science should be literally construed, but its theories need not be
true to be good.” Based on this distinction, he makes clear his position by saying “The anti-realism I shall advocate belongs to the second
sort” (van Fraassen, 1980, p- 9-10).
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is, in part, a necessary condition for semantic realism. In particular, it is a condition that makes semantic realism dif-
ferent from epistemic realism because a literal construal is not related to “our epistemic attitudes towards theories, nor
to the aim we pursue in constructing theories, but only to the correct understanding of what a theory says” (van Fraas-
sen, 1980, p. 11). Of course, as is the case for any kind of theoretical virtue, how to specify in any particular situation
the precise conditions for ontological clarity to occur, is controversial. However, if we are intending to define ontologi-
cal clarity from the perspective of physics, it can be conceived as providing a minimal characterisation of the ontological
profile of the physical states of the theory, or what is frequently called the ‘ontic state’ of the theory. More specifically,
we should clarify whether or not the mathematical objects defining the physical states denote something in the physical
world, and if they do, what kind of entities they are supposed to be denoting,

3.2. EMPIRICAL ADEQUACY

Empirical adequacy means that the semantic realist also expects that the relevant empirical data, confined to the do-
main in which a physical theory can be effectively applied, can be explained in terms of the ontology in question. As was
the case for ontological clarity, the latter definition of empirical adequacy is also prone to further concerns. More specif-
ically, we should try to clarify the notions of ‘empirical data’ and ‘explanation’ involved in this definition.

Firstly, note that the primary set of empirical data that scientists usually read from their complicated measuring devices
before any kind of systematisation process takes place is a regularity occurring in the manifested world. Although this
set of data represents information about the degrees of freedom of the system under analysis, this information is ulti-
mately displayed in the three-dimensional macroscopic world in the form of some physical object and property, such as
a ‘pointer” heading in a certain direction. This presupposes a broader conception of empirical data that comprises not
only quantum phenomena manifested at the microscopic (and perhaps the mesoscopic) level, but also macroscopic phe-
nomena of everyday experience (including the macroscopic properties of measurement devices). Under this broader
conception, we can redefine empirical adequacy as a capability to explain the macroscopic manifestations of the relevant
experimental data successfully predicted by the theory in terms of its posited (or elaborated) ontology. Furthermore,
empirical adequacy also presupposes a nomological conception of empirical data, which comprises not only phenomena
that have been experimentally detected, but also physically possible phenomena impossible to be detected in actual epis-
temic conditions (including thought experiments allowed by the physical theory).

Secondly, the notion of explanation involved in the definition of empirical adequacy has to do with what is known as
the ‘macro-object problem’, namely, the problem of accounting for how the qualities of macroscopic or observable ob-
jects (such as the colours of observable tables) are nothing but manifestations of the qualities of objects (such as elec-
tromagnetic waves interacting with tables made of atoms) that are ultimate and fundamental, out of which the actual
structure of the world is constituted. To address this problem in the context of physics we have to fulfil two require-
ments, one technical, the other (metaphysically) explanatory.

In the first place, we must show that any physical theory, if it deserves to be called a scientific theory, satisfies what has
been called the ‘consistency constraint’ (Lam and Wiithrich, 2018). This technical requirement consists in ‘saving the
phenomena’, namely, in identifying the theoretical basis required to make the predictions open to confirmation by a
process of measurement. So, we should be capable of representing the underlying physical processes involved in typical
measurements (and the outcomes produced by such measurements) in terms of the mathematical language of the theory.
Considering the consistency constraint as an instrumental form of empirical adequacy (hereinafter, instrumental empiri-
cal adequacy), its satisfaction is just a matter of modelling a mathematical entailment between a list of data and a set of
theoretical principles and postulates. Since this requirement bears no resemblance to the nature and characterisation of
the underlying ontology of the theory, it is necessary but not sufficient to satisfy the empirical adequacy criterion.

On the other hand, we must satisfy an additional, different requirement: with the help of certain theoretical resources
—and perhaps an ingenious metaphysical toolbox (e.g., supervenience, grounding and/or metaphysical dependence)—,
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we have to tell a consistent story of how the macroscopic world, such as tables and chairs, can be recovered from the
fundamental ontology of the theory (Ney, 2015a,b; Lam and Wiithrich, 2018). This means that the macroscopic coun-
terpart of the relevant experimental data successfully predicted by the theory must be cashed out in terms of such an on-
tology. Let us finally make two important remarks concerning this broader conception of empirical adequacy.

As regards the first remark, our definition of empirical adequacy is pragmatic and involves a non-factive notion of ex-
planation. As required by semantic realism, scientific theories have to tell a literally construed story of what the world
would be like according to these theories, as if they were correct. It follows that this story is conceived as ‘purportedly’
explanatory by virtue of the fact that it solves the macro-object problem in a way that exhibits some theoretical virtues,
such as ontological clarity, although it could be wrong (and therefore might not be the actual explanation for the phe-
nomena). This means that we are understanding purported explanations as propositions that are not only capable to
successfully describe phenomena and generate novel and successful predictions —in compliance with the first instru-
mental requirement. As emphasised by (Boge, 2023), they are also capable of ensuring predictive success on account of
the ontology of the theory— in compliance with the second ontological requirement.* This pragmatic notion of expla-
nation contrasts with a factive one by virtue of the fact that semantic realism is associated with the former, whilst fully-
fledged scientific realism is associated with the latter. Indeed, once we assume that scientific theories should tell a lit-
erally construed, approximately true story (i.c., if we assume the epistemic component), what we mean by explanation
changes from being pragmatic to being factual, in the sense that this story involves true propositions, all of which are
(part of) the reason why the predicted phenomena occur.

As regards the second remark, this definition is interpretative-dependent. Note that the second requirement is related
to the clarity criterion because we have to specify a clear ontology before specifying how this ontology can comprehen-
sively recover the observed phenomena. Without the specification of a precise ontology, we would not be able to tell
how the physical world is according to this theory. And since this theory would be imprecise as regards its ontology, it
also would have nothing to say about let alone how the macroscopic world can be recovered from the ontology of the
theory. In this way, the clarity criterion is a necessary condition for the empirical adequacy criterion (understood in the

broad metaphysical sense).

We shall now proceed to briefly sketch the formal-interpretative structure that lies behind the measurement problem
irrespective of the philosophical position endorsed. After so doing, we shall investigate whether or not all the realist
components are satisfied in the face of different QM interpretations, with the aim of articulating the exact connection
between scientific realism and the measurement problem.

4. T}Jé’ mmsur@mmtpmcess in qmmmm 7”66bdﬂi€5

Based on a syntactic conception of scientific theories, many scholars make a sharp distinction between the mathemati-
cal formalism of a physical theory and its empirical and/or ontological interpretation. In the particular case of QM, this
distinction is drawn by identifying a ‘purely Hilbert space formalism’, which is merely extensional or uninterpreted.
However, we think that this way of characterising QM is misleading because even its ‘axiomatisation’, originally intro-
duced by (von Neumann, 1932) but later refined by (Jammer, 1974), is already interpreted in terms of primitive no-
tions, such as ‘physical states’ and ‘observables’. Furthermore, based on (Maudlin, 2019), we could try to speak of this
axiomatised theory as an operational recipe solely designed for predictive purposes, but this conception already presup-

poses that it contains an empirical interpretation impossible to be disassociated from its mathematical formalism. Con-

4 Note that Boge empbhasises the indispensable role of this second ontological requirement in the context of factive explanations —to jus-

tify the claim that scientific realism is only appropriate if science delivers true explanations. However, we can extrapolate his statement and

claim that such a requirement also arises from non-factive, purported explanations in the context of semantic realism.
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sidering that it seems difficult to draw a line between a purely Hilbert space formalism and its corresponding empirical
and/or ontological interpretation, we shall conceive of QM as a theory which comprises an interpreted mathematical
apparatus and a mathematically-based interpretation. As a result, theory and interpretation are regarded as indistin-

guishable terms.

Granted this, we shall start our discussion by carefully identifying some possible quantum interpretations (without
having any a priori preference towards one of them). In so doing, we shall consider Maudlin’s method of characteris-
ing each of these interpretations depending on the acceptance or denial of certain interpretative assumptions associated
with the measurement process. The form of these assumptions shall be expressed by means of truth-values assigned to
the following claims:

(1) The wave function of a system is complete (i.c., specifies all of the physical properties of a system).

(2) The wave function always evolves in accordance with a linear, unitary dynamical equation (i.c., the Schrédinger

equation).

(3) The measurement of a physical property always has definite and single outcomes.

There are many ways one might accept of deny these claims, but not all combinations are acceptable. According to the
the well-known account of the measurement problem proposed by (Maudlin, 1995), the formal-interpretative struc-
ture of the measurement process in QM can be presented in the form of a trilemma (hereinafter Maudlin’s trilemma).
This trilemma consists in the conjunction of the above (1)-(3) claims, all of which can be demonstrated to be mutually
inconsistent. The proof of their mutual inconsistency will not be revised here as it is well known in the literature. The
important point for us, however, is that Maudlin’s trilemma consists in a series of inferences that allow us to identify
certain interpretations compatible with QM, all of which arise from denying at least one of the above claims. For ex-
ample, as we shall see below, both UQM and NCQM accept (1) and (2), but reject (3) by means of different methods.

Understood in this way, Maudlin’s trilemma cannot be considered problematic with the exception of evaluating the
consistency of its formal-interpretative structure. This allows us to avoid the widespread mistake of interpreting the
inconsistency between the above (1)-(3) claims as representing the measurement problem without even providing the
conceptual basis of what really counts as problematic. If there is something like a problem within this trilemma beyond
the alleged consistency, we should pay attention to the philosophical consequences of advocating any of the possible
interpretations arising from fixing the truth-values of the above claims. In more precise terms, we need a philosophi-
cal standard from which one can evaluate such interpretations. It is precisely the identification of this standard with se-
mantic realism that allows us to know in exact terms how exactly the measurement problem is associated with scientific

realism. This will be the main task of the next section.

S. The problem of the measurement process in the face of scientific realism

Returning to our discussion, we shall now articulate the philosophical basis of the explanation of why and in what sense
the incompatibility between completeness, unitary evolution, and definite-single values for measurement outcomes re-
ally constitutes a problem for QM.

> NB: Do not confuse the claim that measurements have single outcomes with the claim that they have definite outcomes. As we shall see
below, the first claim is related to the problem of outcomes, whilst the second one with the problem of interference.

Note that any pair of QM interpretations shall be differentiated, not only based on the denial of one of the (1)-(3) claims, but also depend-
ing on the methods used to deny such a claim. Furthermore, we shall see that there are interpretations, such as FRQM, that accept differ-

ent combinations of the (1)-(3) claims by introducing different observers (each one which assigns different truth-values to these claims).
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First and foremost, note that irrespective of Maudlin’s own interpretation, claim (3) can be construed empirically as
stating that the measurement of a physical property is always observed to have definite and single outcomes, or onzo-
logically as implying that, after the process of a measurement, there always exist objective definite and single outcomes
for such a physical property. Considering that the observability of definite and single outcomes upon a measurement
is a necessary (albeit not sufficient) condition for their existence, we shall interpret claim (3) ontologically. The reason
for this particular interpretation (and the drawing of this ontological/empirical distinction) is mainly that the denial of
the existence of definite and single outcomes upon measurement is necessary if incorporating NCQM into Maudlin’s
framework, a set of interpretations that presumably solve the measurement problem and that we would like to critically

discuss in this contribution.

As we shall see next, we believe that the incompatibility of claims (1)-(3) is problematic if we are willing to interpret
QM realistically on the basis of the criteria associated with the semantic component of realism (i.c., empirical adequacy
and clarity with respect to the ontic state of the system in question). Let us now justify this claim by analysing the inter-
pretative consequences of abandoning each one of the three claims (1)-(3), whilst retaining some of the others. For il-
lustrative purposes we shall consider each of the relevant combinations of denying or accepting the above claims with-
out following a predefined order of exposition. Although this analysis might seem a recitation of previous work, we
believe that the association of Maudlin’s account of the measurement process with semantic realism has not been ar-
ticulated. This association, as we shall see, shall permit us to characterise and address the corresponding problem from a
broader, unambiguous standpoint.

5.1. THE PROBLEM OF INSTRUMENTAL EMPIRICAL ADEQUACY

In the following lines, we shall argue that the measurement problem is associated with the lack of instrumental empiri-
cal adequacy that prevails in UQM, FRQM and NCQM. Whilst we shall concentrate a little bit more on demonstrat-
ing the lack of the instrumental form of empirical adequacy within FRQM and NCQM, it is important to address this
task within UQM (which seems to be trivial) as we have to frame the well-known measurement process associated with

QM in terms of our definition of instrumental empirical adequacy.

5.1.1. The instrumental empirical inadequacy of unitary quantum mechanics

We shall demonstrate that if (3) is denied, whilst (1) and (2) are accepted, without embracing NCQM, we end up with
a problem of instrumental empirical adequacy. This shall lead to the conclusion that UQM is empirically inadequate in
the instrumental form.

Since by accepting (1) and (2) we are starting our analysis from the completeness assumption and the Schrodinger
equation, it would be wise to ask what exactly these claims have to do with the empirical adequacy of the theory, and
therefore, with the particular physical situation of a typical measurement. To answer this question, let us characterise
the notion of empirical adequacy in the particular context of QM.

Assuming that QM aims to describe the macroscopic world in terms of the way it describes the microscopic world (in-
cluding the experimental devices in measurement situations), empirical adequacy states that the theory should have
an operational technical procedure required to account for the underlying physical, macroscopic processes involved in
typical measurements (i.c., instrumental empirical adequacy); and that the unobservable, microscopic ontology pos-
ited by the theory (or elaborated by the realist) should explain the empirical observations successfully predicted by it.
These two basic criteria might be satisfied using different strategies. While the first one just would need a set of opera-
tional rules that dictate how vectors and unitary operators in Hilbert space (and the way they evolve in time) make suc-
cessful predictions about measurement outcomes (manifested in some way by the experimental device), the second one
would require to figure out an appropriately grounded explanation (either physical or metaphysical) of how a set of def-
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inite and single outcomes of the observable properties associated with macroscopic objects (such as the direction of the
pointer on the experimental device) correspond to the definite and single values of the properties associated with un-
observable, microscopic objects (such as the spin of a particle, or the position associated with a system of particles, etc.).

However, the perfect demonstration that the instrumental criterion of empirical adequacy cannot be satisfied by UQM
corresponds to the famous Schrodinger’s cat experiment: UQM predicts that the quantum state of the whole system
(represented by the wave function in a complete form), including the system under analysis (e.g., a radioactive atom)
and the experimental device (e.g., a cat), evolves unitarily according to the Schrédinger equation to an irreducible super-
position of macroscopic states, where each non-realised term correlates, in a post-measurement situation, a definite and
single value of the microscopic properties of the system under analysis (e.g., the atom decaying or not decaying) with
the definite and single value of the corresponding macroscopic properties of the measurement device (e.g., the cat be-
ing dead or alive). This means that whatever the unobservable objects of the system, the predicted measured outcome
recorded by the experimental device is undefined because it corresponds to a superposition of macroscopic states. Since
every time a physical property is actually measured a definite and single outcome can be read from the experimental de-
vice in question, there is just a small step from this empirical fact to the conclusion that UQM is empirically inadequate
in the instrumental form, in the sense that it does not have an operational procedure to explain the measurement pro-
cess of systems in states of superposition. Therefore, since the semantic component of realism requires that UQM satis-
fies the empirical adequacy criterion in the instrumental form, and this criterion is not satisfied by it, then we are led to
conclude that the acceptance of (1) and (2) and the abandonment of (3) is problematic by virtue of the fact that UQM
cannot be interpreted realistically, at least in this semantic sense.

5.1.2. The instrumental empirical inadequacy of Frauchiger-Renner formulation
Let us now address the most interesting situation. We shall demonstrate two conditionals at once:

If claim (2) is denied, whilst (1) and (3) are retained, without embracing SQM (assuming the
projection postulate) or GRW (adding non-linear terms to the dynamics), we end up with a
problem of instrumental empirical adequacy.

If claim (1) is denied, whilst (2) and (3) are retained, without embracing BQM (adding hidden
variables to the physical state), we end up with a problem of instrumental empirical adequacy.

Based on ideas originally developed by (von Neumann, 1932) and (London and Bauer, 1939), we shall define Frauchiger-
Renner formulation (FRQM) as the theory that introduces into QM a distinction between two different points of view
from which one describes the measurement process (hereafter Newumann's observer distinction). As originally argued by
(von Neumann, 1932), there is cither the external descriptive view, according to which the observer or the experimenter
is treated in the same way as the system under analysis, evolving both by the Schrédinger equation —and inducing mac-
roscopic superpositions due to its unitary evolution—, or the observer’s descriptive internal view, in which the system in
question suddenly collapses, after a measurement is performed, to only one single term in the superposition —and ob-
tains definite and single outcomes as a consequence.” As we shall elaborate in this section, this means that FRQM im-
plicitly presupposes that there are external observers that deny (1) and accept both (2) and (3), but also there are internal

Note that when a measurement is performed inside of a closed lab, this premise is sometimes expressed in terms of a distinction between
internal and external observers, provided such a measurement leads to a collapse for the former observers but does not lead to a collapse
for the latter observers. However, this way of making the aforementioned distinction is misguided in general: there can be internal observ-
ers experiencing unitary evolution (inevitably leading to macroscopic superpositions) in the same way that external observers experiencing
collapses (from which definite and single outcomes arise). Granted this, the difference in notation between ‘internal’ and ‘external observ-
ers’ shall mean a distinction among observers who differ in relation to whether or not any measurement leads to a collapse, irrespective of

whether they are inside or outside of a lab.
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observers that deny (2) and accept both (1) and (3).® As such, FRQM is different from SQM and NCQM. As we shall
see later, SQM only accepts internal observers that deny (2), whilst FRQM also accepts external observers that deny (1).
Similarly, NCQM only accepts external observers that deny (3), whilst FRQM accepts internal observers that deny (2)
and external observers that deny (1). Granted this, we shall conclude that FRQM is empirically inadequate in the instru-
mental form. Let us justify this claim by considering internal observers first, and then proceed to introduce external ob-

servers (in addition to the internal ones).

First and foremost, internal observers deny claim (2) by introducing an additional postulate into QM, called the projec-
tion postulate. This collapse mechanism somehow makes the macroscopic superposition “disappear”, such that one can
effectively predict that the final state of the system after the measurement takes place is represented by the eigenvector
corresponding to the measured outcome. At first sight, this strategy seems to be appropriate to satisfy the instrumental
empirical adequacy criterion. Although this is true in typical cases, such as the ones with Schrodinger’s cats, we believe
that the first instrumental requirement of empirical adequacy cannot always be satisfied even with the introduction of
the projection postulate. There is a concrete situation in which this scenario occurs: if we cannot say anything about the
nature and behaviour of the physical system in question until it is observed then what has happened in the past ends
up being beyond the descriptive scope of the theory. This situation, apart from being at odds with classical accounts of
causality,” drastically reduces the empirical domain of the theory to the present state of affairs. Thus, FRQM can only
be interpreted as a predictive recipe effectively applied to measurement situations, implying some temporal limitation

in the way FRQM can be empirically adequate in the instrumental form.

Secondly, recent thought experiments have demonstrated that the projection postulate, originally introduced by inter-
nal observers, is not always an appropriate tool for prediction because there are concrete physical systems with inter-
nal and external observers upon which the application of this formal apparatus leads to incorrect or undefined predic-
tions.!? This shall lead to the conclusion that FRQM is empirically inadequate in the instrumental form. In order to
arrive at this conclusion, we shall appeal to a non-standard interpretation of a well-known extension of the famous Wign-
er’s friend experiment. In so doing, we shall first introduce the mainstream interpretation of this thought experiment
(together with a brief description of its original interpretation). After realising that the outcome of this experiment is
irrelevant from the point of view of the mainstream interpretation, we shall try to read this experiment in a different,
non-standard way in order to arrive at our desired conclusion.

Originally introduced by (Frauchiger and Renner, 2018), this controversial thought experiment (hereinafter the FR ex-
periment) is cast in the form of a no-go theorem (hereinafter the FR theorem) that mainly states that no theory that is
fully compliant with the predictions of QM can at once: (i) capture the universal validity of this theory (including the
macroscopic level); (ii) assign a single outcome to each measurement; and (iii) demand consistency between different
observers. The moral of this argument, according to (Frauchiger and Renner, 2018), is that the mutual incompatibility
of these assumptions puts forward the claim that QM “rejects a single-world description of physical reality” (Frauchiger
and Renner, 2018, p. 3).

It is important to note that, according to our own reading of (Frauchiger and Renner, 2018), they assign truth-values to (1)-(3) claims
without being aware that these claims are implicitly presupposed by them.

Some would justify this situation by assuming that the realisation of present facts causes facts in the past to be realised (an effect precedes
its cause in time). This unfamiliar account of causality, called ‘retrocausality’, has been plainly discussed in (Faye, 2018).

It is important to point out that this demonstration has been recently objected by (Okon, 2021). Although he agrees that the projection
postulate is not an appropriate tool for prediction for reasons concerned with its ambiguous nature, he argues that the conclusion aris-
ing from such thought experiments assume an incorrect assumption and this makes any prediction required by this conclusion unreliable.
Since this assumption is not correct, according to him, there is no reason to conclude that the application of the projection postulate leads
to inconsistent and incorrect predictions; on the contrary, it is because this postulate is so ambiguous that we mistakenly embrace incor-
rect assumptions and cannot even make predictions among these experiments. Although we think that Okon’s objection should be dis-
cussed in depth, we shall assume that the projection postulate applied in the context of these thought experiments leads to inconsistent

and incorrect predictions.
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However, as critically discussed by numerous scholars (Sudbery, 2019; Lazarovici and Hubert, 2019; Tausk, 2019; Mu-
cino and Okon, 2020; Boge, 2019), the FR theorem’s conclusion relies on a fourth silent, implicit assumption, which
considerably reduces the scope of the theories ruled out by the FR theorem. Although this theorem is still a subject of
controversy, there is a shared hypothesis accepted by (almost) the academic community that the alleged fourth silent as-
sumption presupposed by the FR theorem corresponds to the aforementioned Neumann’s observer distinction. Since
this assumption is obviously compatible with FRQM, this interpretation together with any other (still unknown) inter-
pretation that accepts (i)-(iii) together with the fourth silent assumption are ruled out by the FR theorem. In more pre-
cise terms, the point emphasised by these scholars is that this distinction presupposed by the FR theorem induces em-
pirical differences between successive predictions obtained by internal and external observers. The reasoning is that if
external observers would like to obtain further predictions after internal observers have performed their own measure-
ments, and the former observers evolve the wave function according to Schrédinger’s equation and no term ever disap-
pears, surely they must obtain different predictions than the latter observers would obtain applying the projection pos-

tulate (in which case some terms disappear).

In sum, according to these scholars, (Frauchiger and Renner, 2018) mistakenly believe that any QM interpretation com-
patible with premises (i)-(iii) leads to inconsistencies. Consequently, what (Frauchiger and Renner, 2018) are implicitly
showing (without knowing it) is that FRQM (i.c., the only interpretation that assumes the (i)-(iv) premises) leads to in-
consistencies. From this point of view, it seems that the result of the FR theorem is not so relevant as the only interpreta-
tion that is ruled out by it is FRQM, as opposed to any other well-known interpretation that denies some of the (i)-(iv)
premises, such as UQM, SQM, NCQM, BQM and GRW. Under these circumstances, we think that the FR theorem can
be read in a different, more interesting way, and can proved to be relevant for other purposes. From this alternative per-
spective, the point of introducing FRQM is not to rewrite the FR theorem as it is interpreted in the mainstream literature,
namely, that FRQM leads to inconsistencies. It would make no sense to introduce FRQM in order to repeat an argument
against it without having any relevant consequences. On the contrary, our aim is to put forward the claim that the meas-
urement problem is a problem for FRQM too. Indeed, we seck to demonstrate that FRQM fails the test of instrumental
empirical adequacy, provided the measurement problem is a problem for any interpretation incompatible with this crite-
rion. To do so, let us describe the FR theorem as it is discussed (Bub, 2017), a version which will help us to better address
the point at issue.

Suppose there are two observers at a great distance from each other, Alice 4 and Bob B, both of whom find themselves
inside their respective laboratories, 4 inside L and B inside L. Additionally, there are two observers X and ¥ outside
the respective laboratories, whom can perform measurements on them. For ease of notation, the irrelevant degrees of
freedom of all the observers are not considered and the experimenters’ environment is excluded from the description,

such as measurement devices and laboratory equipments. Before the experiment, 4 prepares a coin C in the initial state

«/1/73 |/9>A+\/2/3 |t>A .

Initially, at time T = 0, A measures C in the {|b) , |#) } basis and records the result “4” or “#”. At time T = 1, she then
prepares a qubit Q as follows: if the result at T = 0 came out to be A, A prepares Q in the state |0>B, if it rather came out

to be #, she prepares it in the state —— NG (|0> s+ 1)5) . A subsequently sends Q to B by a communication channel from Z to L’

At time 7 = 2, B measures Q in the {|0),, |1),} basis and records the result “0” or “1”. At subsequent times, there are two

possible scenarios:

The first scenario is such that at 7= 3 the observer X measures 4’s laboratory L first in the basis:

£, —(lh a+2) )

QI

0>L —_(|b>/1 _|t>A)

QI
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and records the result “0” or “f”, whereas at 7 = 4, the observer Y measures B’s laboratory L’in the basis:

1, =70} +11s)

<|

1
|0>L' =ﬁ(|0>3 _|1>B)

<« »

and records the result “o” or “/”. On the contrary, the second scenario is such that the observer Y measures first and pre-
cedes the measurement of the observer X . At the end of the experiment, the possible results of the measurements per-
formed by each observer are compared. It turns out that a contradiction analogous to (Frauchiger and Renner, 2018)
arises from this comparison. However, this contradiction is a conclusion derived from a series of premises that need to
be explicated. We shall begin presenting a systematic formulation of the problem by enumerating both the explicit and
hidden assumptions of the FR theorem in the following manner:

Premise (). QM is universally valid and describes both micro and macroscopic systems.
Premise (ii). Measurements have definite and single outcomes.

Premise (iii). if an observer X finds that another observer Y is certain about a measurement out-
come, then X must also be certain about such a measurement outcome.

Premise (iv). When a measurement is performed, such a measurement leads to a collapse for
some observers, but it does not lead to a collapse for other observers.

The contradiction arises in the following manner. Let us first consider (i) and (ii). The system of both laboratories Z
and L’, composed of 4, B, C and Q, can be described by the following quantum state:

1

|‘P)=\/§

(|h>A|O>B+|t>A|O>B+|t>A|1>B) (1)

This expression is the state viewed from the perspective of any observer located outside the laboratories (X or ¥') with-
out having described their own measurements. If we consider the measurements performed by X in L and Y'in L, (1)

can be expressed as follows:
)=o) Lo ——dob, |+ )
J12 J12 L

1 1
+E |J[>L|0>L'+m |f>L |f>L

- 219,00+ v, ®)

1 2
=ﬁ|h>/1|0>8+\/;|t>/1 lf>1 (4)

Before any measurement is performed, the purely unitary evolution of the total composite system (i.e., X, Y, 4, B, C,
and Q) evolves to a superposition expressed by (2), (3), and (4). Note that we can combine the results obtained by dif-
ferent observers at different times in the following way:
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From (3) we can see that the relative state of X and Q with respect to the observer X is [0>, |1>, with the pair of pos-
sible values {o, 1} (as a result of measuring L and obtaining the outcome “0”), whereas from (4) we can see that the rel-
ative state of C and Y with respect to the observer Y'is |h> , o>, . with the pair of possible values {h, o} (as a result of
measuring L’ and obtaining the outcome “0”). It follows that the pair of actual outcomes {h, 1} are found only once the
pair {0, 0} is obtained when X and Yjointly measure L and L, respectively.

In this step we have used (iv), to assume that X and Y simultancously obtained definite and single outcomes, so that
we can predict future states of affairs conditioned by XY ’s actual measurement outcome {0, 0/; and also (iii), to be
allowed to juxtapose X and Y to give us the perspective that consists of both observers XY . This latter assumption
means that if ¥ [X ] finds that the L[L’] measurement outcome is “o” from the perspective of the X [¥] observer, this
outcome has also to be “0” as judged from the perspective of the ¥ [X ] observer, allowing us to observe the composed
system LL’from the XY juxtaposed observer. Finally, only if we introduce preceding information of the state (1), even
after 4, B, X, and Y have measured C, Q, L, and L’, obtaining as a result definite and single outcomes (e.g., » or # for
A; 1 0r 0 for B; and “0” or “f” for X and ¥"), we obtain a contradiction: the state (1) shows that the probability of ob-
taining {h, 1} is zero.

Note that (iv) played an indispensable role in the previous argument because the final pair of outcomes {h, 1} is a future
prediction that was obtained only when the observer XY used the collapsed state |0>, |0>,. corresponding to what she
found, not the full, unitary-evolving superposition (2). At the same time, however, we considered the superposition (1),
corresponding to the unitary-evolving state of 4, B, C, and Q before any measurement takes place, even after the ob-
server XY performed a measurement and found {o, o/

Since FRQM assumes (iv) and the rest of the above premises, we may conclude that it is ruled out by the FR theorem.
As regards the instrumental empirical adequacy of this interpretation, this conclusion brings important consequences.
Note that the claim that FRQM leads to inconsistent predictions (as opposed to other interpretations, such as BQM)
can be reinterpreted as stating that this collapse approach simply cannot make the correct quantum predictions in this
experiment. Examples of these incorrect predictions are precisely those that were followed in the derivation of the con-
tradiction, such as the possibility of predicting the final outcome {h, 1} if the combined observer XY measures the out-
come {0, 0}. In the framework of BQM, however, the outcome “0” of Y'is not only compatible with A’s outcome “4”, as
used in the FR theorem. Rather, the final outcome {7 1} is also possible. Let me elaborate more on this.

If there is an ontology constituted by space-time events in a non-relativistic context, such as configurations of Bohmian
particles corresponding to X, Y, 4, B, C, Q and their respective settings and outcomes, the predictions obtained by each
observer should, of course, respect the time order of those events. In the case in which observer X measures first at time
7= 3 and Y performs the second measurement at time 7 = 4 (provided A’s and B’s measurements have been performed
at time 7 = 0 and 7 = 2, respectively), X will (locally) influence the subsystem composed of 4 and C in a way that 4’s in-
itial state and the corresponding result (either 4 or #) could be changed. Since the state of 4 and B are correlated non-
locally, if the result of X turns out to be “0”, it is a fact of the matter that B’s result must be 1. This 1 will remain invari-
ant until the second measurement of observer Y is performed. This second measurement could (locally) influence and
change B’s state and its corresponding result (either 1 or 0). Now, in this story it is not true that the result “0” of Y'is
only compatible with A’s result 4, as it would be in the case in which observer ¥ measures first and X performs the sec-
ond measurement. In sum, in the case in which Y performs her measurement first, }’s outcome is independent of X ’s
setting and outcome; in the case in which X performs his measurement first, however, ¥”’s outcome depends on X ’s set-

ting and outcome.

Therefore, since BQM is not ruled out by the FR theorem and does not lead to inconsistencies, we may reinterpret the
inconsistencies arising from FRQM as the failure of this approach to make some correct quantum predictions. This
makes FRQM theory empirically inadequate in the instrumental form. That is, FRQM is ruled out by the FR theorem
by virtue of the fact that it cannot account for FR experiment’s predictions correctly obtained by, for example, BQM.
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Considering this line of reasoning, one might wonder whether the hidden assumption (iv) is the ultimate reason FRQM
cannot make the correct predictions in the FR experiment. Following a similar argument to (Okon, 2021) (although not
the same conclusion), we believe that there is a deeper reason that lies behind (iv) that is responsible for the instrumen-
tal empirically inadequacy of FRQM in the context of the FR experiment. This underlying reason is associated with the
fact that X or ¥ does not possess the resources to predict the complete outcomes obtained by 4 and B after the outcomes
obtained by the juxtaposed observer XY are determined. Since the state (1), as defined from the point of view of X or ¥’
(without having described their own measurements), evolves according to the linear Schrodinger evolution, and all ob-
servers (i.e., X, ¥, 4 and B) obtain definite and single outcomes, Maudlin’s trilemma tells us that FRQM is incomplete. In
other words, the state (1) cannot specify all the physical properties of 4 and B. It is expected that the lack of specification
by the wave function of the actual physical properties associated with these subsystems induces the alleged incorrect pre-
dictions and explains why BQM, which is a complete theory, makes the correct predictions.

This result reflects the fact that in the FR experiment there are not only internal observers that deny (2) and accept (1)
and (3), but also there are external observers that deny (1) and accept (2) and (3). In other words, FRQM is empirically
inadequate in the instrumental form precisely because there are experimental situations in which it abandons the com-
pleteness assumption.

5.1.3. The instrumental empirical inadequacy of non-collapse interpretations

We shall now demonstrate that if (3) is denied, whilst (1) and (2) are retained, we end up with the same problem of in-
strumental empirical adequacy (as corroborated by the previous discussion) unless we explain the empirical fact that
measurement outcomes seezz to be definite and single-valued even if macroscopic superpositions exist and never really
collapse, an explanation which will be shown to be unsuccessful. Considering that claim (3) presupposes the existence
of (as opposed to the observation of apparent) definite and single outcomes, its denial leads therefore to the adoption of

NCQM.!!

One might argue that denying claim (3), whilst retaining (1) and (2), is one exception to the conclusion that QM is em-
pirically inadequate in the instrumental form. This exceptional case would derive from simply denying the existence
of definite and single outcomes and accepting the existence of macroscopic superpositions, and therefore concluding
that the theory is empirically adequate in the instrumental form because it naturally accounts for actual superpositions.
However, the instrumental empirical adequacy of a theory cannot be derived from simply assuming that it accounts for
something that exists but is impossible to detect in everyday experience, such as macroscopic superpositions. Let us ap-

peal to an example which corroborates this claim.

Based on numerous recent ‘Schrodinger cat states’ experiments, some philosophers have proffered NCQM according
to which macroscopic (in addition to microscopic) superpositions are objective physical states which never really col-
lapse. Examples of NCQM are the many-worlds interpretation, relational quantum mechanics, the modal interpreta-
tion and the consistent histories approach. However, although the way to account for the reality of these macroscopic
superpositions varies across the board, the common feature among these interpretations is that they believe that meas-
ured outcomes are not actually definite and single-valued even if we observe that they seem to be definite and single-val-
ued in everyday experience. That is, the price to be paid for denying claim (3) whilst retaining (1) and (2) is that there
should be a way to explain the observable fact that macroscopic superpositions are impossible to detect in everyday ex-
perience and, when the properties of a physical system are measured, measurement outcomes seezz to have definite and

NCQM will be defined here simply as those interpretations which deny the existence of definite and single outcomes but retain (1) and
(2). In this way, we shall include neither BQM nor the Hamiltonian modal interpretation as part of what we call NCQM because these in-
terpretations accept the existence of definite and single outcomes through the introduction of a preferred set of commuting observables
(ie., the position and the energy, respectively).

https://doi.org/10.1387/theoria.26061 199



Juan Guzmin, Jorge Manero

single values. This example demonstrates that even when the existence of macroscopic superpositions is assumed, whilst
that of definite and single outcomes is denied, the challenge of instrumental empirical adequacy still prevails. Unfortu-
nately, NCQM are not empirically adequate in the instrumental form, as we shall demonstrate next. We believe that
NCQM are empirically inadequate in the instrumental form for at least two possible reasons. Whilst we accept that the
first reason might be argued to be ungrounded for certain reasonable intuitions (to be described below), we believe that

the second one poses a serious challenge to the instrumental empirical adequacy of these interpretations.

Firstly, one might argue that the FR theorem can also be applied to NCQM based on the possibility that these inter-
pretations comply with all (i)-(iv) assumptions, and introduce internal observers that deny (3) and accept (1) and (2)
in addition to external observers that deny (3) and (1) and accept (2). In a similar way to FRQM, this would lead to the
conclusion that NCQM are ruled out by the FR theorem, and therefore are empirically inadequate in the instrumen-
tal form by virtue of the fact that they yield incorrect predictions. To arrive at this conclusion, one would need to focus
on the way assumption (iv) is interpreted. Note that the aforementioned Neumann’s observer distinction between dif-
ferent observers that lies behind assumption (iv) might be interpreted epistemically (as opposed to ontologically). Since
macroscopic superpositions exist and never really collapse in NCQM, the fact that definite and single outcomes are ob-
served might be interpreted as an apparent episternic manifestation, not necessarily associated with actual, definite and
single outcomes. This would mean that in the case of NCQM, this hidden assumption is not precisely aimed at rec-
onciling unitary evolution with objective (actual) definite and single outcomes, such as our own reading of (Maudlin,
1995)’s analysis in denying completeness; on the contrary, it interprets both unitary evolution and the epistemic (em-
pirical) fact that definite and single outcomes are seemingly observed as two different, non-reducible points of view.
Therefore, the fourth silent assumption of the FR theorem would not only be compatible with particular, idiosyncratic
interpretations of QM that believe in the existence of definite and single outcomes, such as FRQM, but also with some
NCQM that explain in some way or other the appearance of (apparent) definite and single outcomes, such as relational
quantum mechanics, the consistent histories approach and some modal interpretations.

Unfortunately, this conclusion might be argued to be ungrounded after a careful analysis. In fact, one might reply that
the compatibility between NCQM and assumption (iv) is not sufficient to derive the conclusion that these interpre-
tations are ruled out by the NCQM theorem. Rather, they should be compatible with the rest of the assumptions (i)-
(iii). But we are currently uncertain of whether or not these interpretations accept the other assumptions. For exam-
ple, based on an intuitive reading of some of these interpretations, one might argue that relational quantum mechanics
denies (iii), whilst the consistent histories approach denies (ii), and therefore block the conclusion that they are ruled
out by the FR theorem.!> However, as things currently stand, we cannot undoubtedly conclude, with the exception of
FRQM, that this is actually the case.

Secondly, even if we were to block the previous conclusion in solid ground, we would inevitably came to realise that
NCQM are empirically inadequate in the instrumental form because they have not succeeded in solving at least one
problem, the issue of selecting a single outcome upon the measurement of a physical property (hereinafter the problem
of outcomes).

As regards the instrumental criterion of empirical adequacy, the principal challenge is to provide an empirical inter-
pretation of the quantum formalism without collapses associating mathematical representations (e.g., vectors and op-
erators) with the empirical data. To have this interpretation, however, the purely unitary evolution of this formalism
should not only be able to macroscopically distinguish the mathematical counterparts of the possible independent out-
comes associated with the physical properties of the system (hereinafter the problem of interference), but also to pick up
a single outcome that is actually measured (i.c., the problem of outcomes, as defined above). Whereas the first problem

is addressed by providing a recipe to reduce the overlap between the effective wave function packets of the macroscopic

2 One concrete idea in this direction is perspectivalism endorsed by (Dicks, 2019), which mainly states that NCQM are interpretations that

deny (iii) by virtue of the fact that they permit the possibility of ascribing to the same physical system more than one objective state.
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superposition (as long as they are allowed to have approximately disjoint support), the second is overcome by providing

a selective method to pick up the respective wave packet associated with the measured outcome.

One implicit and essential method to which some NCQM usually appeal is the decoherence mechanism.!® From the
point of view of decoherence, the process of measurement consists in a (purely unitary) quantum-mechanical interac-
tion between the system and a great number of environmental degrees of freedom (including those of the observer and
the measurement apparatus) that come into play, such that the interference of macroscopic states exists but cannot be
observed. Formally speaking, the decoherence mechanism treats, for all practical purposes, the improper or reduced
states of the superposition as if they were proper mixed states. This allows the identification of a set of distinguishable
wave packets with approximately disjoint support (enough to be macroscopically relevant) associated with the possible
values of the physical quantities to be measured (together with their probability of occurrence).

However, it is important to remark that the decoherence mechanism does not (and does not aim to) select a single out-
come during the process of measurement. Since decoherence only intends to solve the problem of interference (as op-
posed to the problem of outcomes), the NCQM that appeal to decoherence need to account for their instrumental em-
pirical adequacy by other means. This does not mean, however, that if decoherence were reliable, it would be useless as
regards the instrumental empirical adequacy of the theory. As is correctly pointed out by (Schlosshauer, 2008), there is
no way of solving the problem of outcomes without accounting for the non-observability of interference. This means
that adherents of decoherence agree that there is a special mechanism described by this framework that is necessary (but

not sufficient) for the observer to see definite and single outcomes.!

Under these circumstances, proponents of NCQM have figured out other strategies that might solve the problem of
interference together with the problem of outcomes without appealing to the decoherence mechanism. For example,
let us consider relational quantum mechanics. As discussed in (Rovelli, 1996), the apparent breakdown of the unitary
evolution of the physical state results, according to this interpretation, from the fact that the observer is unable to pro-
vide a complete description of its interaction with the system. This relational approach is motivated by a theorem due
to (Breuer, 1995), which states that if a measuring apparatus is part of a physical system, the state of the apparatus can-
not fully encode the state of the whole system (including the apparatus itself). Consequently, we cannot infer the state
of the whole system by observing the state of the apparatus. Although we shall not inquire into the details of relational
quantum mechanics, it is important to note that this approach has fallen prey to various objections, some of which point
towards the lack of ontological clarity and empirical adequacy of this theory.!> In replying to these critiques, one might
suggest introducing the decoherence mechanism to solve this problem of clarity and empirical adequacy (as seems to be
suggested in (Biagio and Rovelli, 2021)). However, if we reconsider this strategy, we fall back into the above objections.
It seems that NCQM cannot get rid of the decoherence mechanism until they show that it is irrelevant to them without
facing serious problems, an approach which, to the best of our knowledge, has not been entirely successful.

Finally, in the particular case of many-worlds interpretations, which is the dominant proposal among the type of theo-
ries classified as NCQM, the problem of instrumental empirical inadequacy can also be expressed as the incapability of
this interpretation to justify the emergence of probabilities and of the Born’s rule. If the time evolution governing the
dynamics of the physical state is given by the Schrédinger equation (which is a deterministic law), how does the Born’s
rule or the concept of probability itself emerge? If one assumes, as Everett argues, that each world is equally real, what
does it mean to say that it is more probable to be in one world than in another? Without answers to these questions,

Although the decoherence mechanism is regularly involved in these interpretations, as is argued in (Bacciagaluppi, 2016), it is not neces-
sarily involved, as we shall see below.

Although not generally accepted, there have been serious objections to considering decoherence a reliable strategy not only to select a sin-
gle outcome (something which is generally accepted as noted above) but even to explain the non-observability of interference. One of these
objections was recently proposed by (Okon and Sudarsky, 2016).

One example is due to (Mucifio ez al., 2022). However, Rovelli’s response to this objection (Rovelli, 2021) has been criticised because he

does not offer a solid argument that addresses the point at issue.
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we cannot obtain an empirically adequate interpretation. Following (Norsen, 2017), let us look at the problem more
closely.

Consider a 1/2 spin particle that is in the 1 state (up) along the 7 direction. This state can be represented as a superposi-
tion (up-down) along the z-direction, that is:

NSNS (5)

According to UQM, the probability of finding the state l//% or the state l//f is p or g, respectively (we will assume, with-
out loss of generality, that p > ¢). However, in the Everettian proposal, both worlds are equally real. Granted this, if
one wishes to have the same predictive success as UQM, one expects (statistically) that if an observer is in a world cor-
responding to the l//% state and repeats the experiment many times, he will more often be found in worlds associated
with the l//% state. A statistic that respects Bohr’s rule must be such that by repeating the experiment IV times, the ex-
pected number for the l//% state will be Np. The problem is that to recover that statistic one must presuppose Born’s
rule, and this argument seems to be circular: for ¥ = 2 ¢, y,, a statistical weight w, = |c,|> must be associated with each
branch. The question is, why is it reasonable and what does it mean to demand that each branch should have such a
statistical weight considering that each world is “equally real”? As long as these questions are not addressed and the
Born’s rule is not justified (without appealing to measurements or observers), this proposal is not in a better shape

than UQM.1¢

Onmitting further details, the most important point to learn from this discussion is the fact that, without providinga re-
liable answer to the problem of outcomes, the instrumental empirical adequacy of NCQM, which is a necessary condi-
tion for scientific realism, is compromised. Specifically, these theories, as they are standardly formulated without any
collapse mechanism, do not have an operational technical procedure required to account for definite and single out-

comes.

5.1.4. The instrumental empirical inadequacy of epistemic/statistical interpretations

Finally, we shall see that if claim (1) is denied, whereas (2) and (3) are retained, without adding hidden variables to the
physical state, then we end up with a problem of instrumental empirical adequacy. As we know from (Maudlin, 1995),
denying claim (1) without introducing hidden variables leads to epistemic/statistical interpretations.

According to many scholars, there is a shared intuition that epistemic/statistical interpretations are irrelevant for a
quantum realist reading simply because they are only interested in calculating predictions or the lack of knowledge of
the physical system as opposed to describing objective states of affairs through the lens of QM. Our opinion is that this
intuition is true for statistical but not for epistemic interpretations. The problem with the latter interpretations is that
if we are aiming at calculating the lack of knowledge of certain states of affairs, we need to have at least a predetermined
standard in physical reality with respect to which we are making such a calculation. Indeed, epistemic interpretations
make a silent and unjustified commitment to the existence of some unknown, predetermined aspect of the physical
world, whilst they explicitly deny the possibility that QM may describe that aspect of the world objectively.

Let us illustrate this critique with an example provided by (Maudlin, 1995) without inquiring into its details. If the
state of the system composed of the spin of an electron and an x-spin measuring device evolves to a macroscopic su-
perposition (as dictated by QM), epistemic interpretations will interpret this superposition as if it 7eally were a mixed

16 As suggested by (Deutsch, 1999; Saunders, 2010), some attempts have been made to justify the Born’s rule. They basically assume that

every rational agent has no choice but to behave according to this rule. However, as argued by (Norsen, 2017), these proposals can be chal-

lenged, and there is still no consensus on whether these strategies solve the problem of instrumental empirical adequacy.
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state, meaning that the whole system is in either one or the other term of the superposition, but we are uncertain about
which is the actual realised term. However, in the absence of any justification for regarding a pure state as a mixture, the
macroscopic superposition alone cannot be interpreted in epistemic terms. The reason is that we are incapable of be-
ing ignorant of which individual term is realised if we cannot differentiate and single out any term from the superposi-
tion to begin with. In this way, the identification of terms in this macroscopic superposition would be equally regarded
as introducing predetermined values for the spin of the electron that are not included in (or described by) QM. This
seems not irrelevant but a problem for at least the semantic component of scientific realism. Let us recall that scientific
realism in general and semantic realism in particular presuppose the possibility of providing an ontologically clear and
empirically adequate description of the physical world through the lens of QM. However, although epistemic interpre-
tations are committed to the existence of the aspect of the world of which we are ignorant —which means that they ac-
cept the mind-independent condition of scientific realism— they assume that no description of this aspect of the world
can be provided by QM. This leads to the conclusion that these interpretations are empirically inadequate in the instru-

mental form. Let us elaborate more on this.

The first obvious consequence of endorsing the epistemic interpretation is that, following the previous example, it does
not provide a solution to the aforementioned problem of outcomes —a sufficient condition for the instrumental em-
pirical adequacy of QM— as this interpretation explicitly denies the possibility of knowing with certainty which is the
realised, single outcome of the electron spin. Furthermore, the same example shows that epistemic interpretations do
not provide a solution to the aforementioned problem of interference —a necessary condition for the instrumental em-
pirical adequacy of QM— because they presuppose that the physical state of the electron spin and the measuring device
represent an array of possible definite outcomes, without providing any justification for this presupposition based on
QM. Therefore, the problem of instrumental empirical adequacy remains unsolved.

5.2. THE PROBLEM OF ONTOLOGICAL CLARITY

As we shall see, the measurement problem is also related to the lack of ontological clarity regarding the interpretation of
the theory. The reason for this relation can be traced back to the empirical adequacy criterion broadly understood. Re-
call that ontological clarity is a necessary condition for empirical adequacy. The latter not only involves an instrumental
criterion (the consistency constraint), but also the (metaphysically) explanatory criterion, which depends on the clear
specification of the ontic state of the theory. Thus, regardless of the satisfaction of the instrumental criterion, the fact
that a theory is ontologically unclear implies that it is at odds with the explanatory criterion, and thus with the empiri-
cal adequacy criterion. To illustrate this observation, let us investigate each of the interpretations already mentioned.

5.2.1. The lack of ontological clarity of unitary quantum mechanics

We shall demonstrate that if claim (3) is denied but (1) and (2) are retained, without embracing NCQM, we end up
with a problem of ontological clarity. This shall lead to the conclusion that UQM is ontologically unclear.

In addition to the deterministic evolution, the root of the instrumental empirical adequacy problem in UQM lies
on the basic realist assumption of this theory that the physical state of the system is complete and represents in some
way or other all of the objective physical properties of the system. In this way, it is assumed that the macroscopic su-
perposition of states that arises in measurement situations is a physical state in its own right, in the sense that it rep-
resents the quantum world as it, in fact, is. However, note that QM does not specify with precision the ontic state of
the theory. That the wave function specifies all the physical properties of a system does not imply that it exists as an
object in the world. Rather, it means that there are physical properties of unobservable entities (not explicitly speci-
fied) that have a factual correspondence with the wave function. Thus, as things stand, UQM is unclear in the onto-

logical sense.
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5.2.2. The lack of ontological clarity of collapse and non-collapse interpretations

We shall demonstrate three conditionals at once:

If claim (1) is denied, whilst (2) and (3) are retained, without embracing BQM (adding hidden
variables to the physical state), we end up with a problem of ontological clarity.

If claim (2) is denied, whilst (1) and (3) are retained, without embracing GRW (adding non-lin-
ear terms to the dynamics), we end up with a problem of ontological clarity.

If claim (3) is denied, whilst (1) and (2) are retained, we end up with a problem of ontological

clarity.

Since the first two conditionals are embraced by FRQM; the second conditional is embraced by SQM; and the third
one by NCQM, we shall conclude that these three theories or interpretations are ontologically unclear.

As regards SQM and FRQM, the introduction of the projection postulate means that what was initially a determin-
istic and unitary evolution governed by the Schrédinger equation turns out to be an indeterministic jump that has to
be introduced by hand from the outside. The lack both of naturalness and a clear and comprehensive explanation for
this collapse mechanism is the reason why many philosophers think of the measurement problem in SQM and FRQM
as a lack of objectivity with respect to our theoretical dealings with the quantum phenomena. According to this sce-
nario, both theories would be at odds with our objectivity standards because the nature and behaviour of what is meas-
ured is observer-dependent. There would not be any kind of explanation of what happens when the observer does not
have a human brain capable of rationalising like a PhD student, or when the observer is not present as a conscious wit-
ness at a certain place and time (Bell, 1971). In the particular case of FRQM, this problem has been characterised as a
conflict (or lack of rules) in establishing the correct interpretation among the two different points of view arising from
the aforementioned Neumann’s observer distinction. Furthermore, the epistemological or ontological interpretation of
this conflict between two different points of view has been taken as the basis for further reasons why this theory must
cither objectively describe the state of consciousness of the observer (London and Bauer, 1939).

What about NCQM? Although these interpretations do not introduce the projection postulate and the system in
NCQM evolves according to a purely unitary evolution, the aforementioned Neumann’s observer distinction between
different observers is also introduced by means of certain external mechanism (such as decoherence) that makes possi-
ble the observability of (epistemic) definite and single outcomes. This means that, apart from the obscure character of
this or other proposed non-collapse mechanisms, NCQM preserve the same problems of SQM and FRQM as regards
objectivity.

For example, the most advocated many-worlds interpretation is committed to wave function monism, namely, the idea
that the wave function is all there is in the world —in proper terms, the physical object mathematically represented
by the wave function. Proponents of this interpretation believe that this feature makes the theory parsimonious, and
for this reason, they refuse to postulate anything in addition to the wave function. However, if the wave function is all
there is in the world, in what way can we extract from this abstract object a picture of the physical world that can ex-
plain our empirical experience i.e., an explanation that solves the macro-object problem?

At first glance, Wallace (2010) addresses the above question by arguing that the macroscopic entities of the empirical
world should not be considered illusory even if they do not appear in the basic axioms of the theory; rather, they should
be understood as patterns or structures arising from the states of the microphysical theory in question. In his own

words:

There are structural facts about many microphysical systems which, although perfectly real and
objective (try telling a deer that a nearby tiger is not objectively real) simply cannot be seen if we
persist in describing those systems in purely microphysical language (Wallace, 2010, p. 58).
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And, in the specific context of many-worlds, Wallace claims:

Structurally speaking, the dynamical behaviour of each wavepacket [i.e., each decoherent branch
of the wave function] is the same as the behaviour of a macroscopic classical system. And if there
are multiple wavepackets, the system is dynamically isomorphic to a collection of independent
classical systems (Wallace, 2010, p. 64).

This seems odd. As argued by (Norsen, 2017), establishing an isomorphism is not sufficient to solve the macroobject
problem in this context. He comments that a wave packet propagating in configuration space is roughly isomorphic to
a particle traveling along an (approximate) trajectory through configuration space. This trajectory in turn is isomorphic
to N trajectories in 3-dimensional space; however, this does not imply that the existence of a wave packet propagating
in 3N-dimensional space leads to the existence of IV particles in physical space. The example he gives is the isomorphism
between a billiard ball bouncing on a square table with two beads inside a wire bouncing back and forth: The isomor-
phism is established by assuming that one bead is small enough to pass through the hole of the other, this to disregard
the interaction between the two. A billiard ball, beyond mathematical equivalence, is not a pair of beads in a wire nor
does the existence of one imply the existence of the others.

Since the macro-object problem remains unsolved in this context, a many-worlds interpretation with a mass density
ontology is often proposed. This interpretation postulates a mass density (as defined by GRW) for each branch and
the effect of decoherence is considered to justify why each world cannot realize the existence of the other. Using the
Schrodinger’s cat experiment, there will be a live cat in one world and a dead cat in another but each with half the mass
(the inhabitants of each branch will not realize this fact). We could say that this interpretation does solve the ontologi-
cal problem. However, it is still an empirically inadequate theory as the emergence of probability and the Born’s rule re-

mains unsolved.

Consequently, what lies behind these alternative views or conclusions is the fact that the nature and the dynamics of
the physical state of the system alone cannot account for (objective or epistemic) definite and single measurement out-
comes and because of that, SQM, FRQM and NCQM must appeal to ambiguous mechanisms whose operation does
not depend on the objective constituents, principles and laws of the theory but on the idiosyncrasy of the observer.
With the projection postulate or any non-collapse mechanism introduced, however, these theories remain ontologi-
cally unclear in the sense that there is no pre-conceived objective ontology that can exhaustively explain the observed
phenomena and the measurement process itself as any objective physical interaction between the constituents of the
system and the experimental device in question. Rather, the constitutive nature and behaviour of what is measured di-
rectly depends on the experimental context and cannot be conceived before the interaction takes place. In this way, the
projection postulate or any non-collapse mechanism involve satisfaction of neither the instrumental criterion (as dem-
onstrated above) nor the explanatory criterion, both of which are necessary to make the theory empirically adequate.
Therefore, since the semantic component of realism requires that SQM, FRQM and NCQM satisfy the clarity crite-
rion, and this criterion is not satisfied by them, then we are led to conclude that they cannot be interpreted realistically,
at least in this semantic sense.

Furthermore, the fact that FRQM is ontologically unclear not only implies that this theory is at odds with our pre-
ferred definition of scientific realism, but also that the first instrumental requirement of empirical adequacy can not al-
ways be satisfied even with the introduction of the projection postulate. Indeed, the FR theorem described above may
be regarded as an illustration of the claim that instrumental empirical adequacy fails as a consequence of the ambiguity
of the projection postulate (or any mechanism that explains the observability of definite and single outcomes). The rea-
son is that the acceptance of Neumann’s observer distinction by FRQM implements a profound ontological ambiguity
upon the description of the quantum phenomena. Thus, in order to avoid incorrect predictions we have to know how
to apply the formalism of FRQM in a given physical situation. We suggest that it is through the specification of a clear
ontology and the acquisition of knowledge of what exactly is happening in the physical world when a measurement is
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performed that we are able to apply this formalism without inconsistencies. As is the case for the second metaphysical
criterion of empirical adequacy, the FR theorem also suggests that the first instrumental criterion cannot be satisfied
without the ontological clarity criterion. Empirical adequacy and ontological clarity are deeply correlated semantic real-

ist criteria.

5.2.3. The lack of ontological clarity of epistemic/statistical interpretations

Finally, we shall see that if claim (1) is denied, whereas (2) and (3) are retained, without embracing BQM (adding hid-
den variables to the physical state), then we end up with a problem of ontological clarity associated with epistemic/sta-
tistical interpretations.

Statistical interpretations are by construction ontologically unclear by virtue of the fact that they are only interested in
calculating predictions of the physical system. As for epistemic interpretations, let us recall the famous PBR theorem.
According to certain (debatable) assumptions, this theorem shows that models of QM in which pure quantum states
are interpreted epistemically (i.c., represent probabilistic or incomplete states of knowledge about physical reality) can-
not reproduce quantum predictions. As a result, pure quantum states must be construed ontologically in the sense that
they describe objective states of affairs. As is well known, this conclusion is derived by considering that the quantum
state can be interpreted ontologically if every complete physical state or ontic state in the theory is consistent with only
one pure quantum state; or epistemically if there exist ontic states that are consistent with more than one pure quan-
tum state (Pusey ez 4/, 2012). This distinction lends support to the idea that epistemic quantum states cannot describe
ontic states. Furthermore, if we were to interpret the quantum state epistemically, we would be incapable of providing a
minimal characterisation of the ontological profile of the ontic state of the theory. Since this minimal characterisation
is a prerequisite for the ontological clarity of QM, the epistemic interpretation, according to this distinction, neglects
the possibility of QM being ontologically clear and, therefore, does not satisfy the semantic component of scientific re-
alism. We can deduce from this observation that if the premises of the PBR theorem are true, its conclusion reinforces
the objection that epistemic interpretations pose against ontological clarity, and provides necessary (albeit not suffi-
cient) conditions to be a semantic realist with respect to QM.

6. Concluding remarks

Based on a well-known characterisation of scientific realism, we conclude that the description of the processes involved
in typical measurements framed in terms of UQM, SQM, FRQM, NCQM and epistemic and statistical interpretations
is problematic from the standpoint of what we have defined as semantic realism. In particular, we have argued that this
description is problematic by virtue of the fact that there is no specification of what exactly these interpretations say in
terms of their ontologies (i.c., they are ontologically unclear), and that the relevant empirical data, confined to the do-
main in which they can be effectively applied, cannot be explained in terms of these ontologies and cannot be entailed
by their corresponding formulations (i.c., they are empirically inadequate). Since semantic realism is compatible with
(but not reducible to) realism and (or) antirealism, we conclude that the measurement problem is neutral with respect
to these philosophical positions. As emphasised in the introduction, this does not mean that the measurement prob-
lem is independent of the realism-antirealism debate; rather, this problem pressuposes certain realist commitments that
cannot be appreciated if one insists in endorsing the endpoints of a more complex, continuum realist spectrum. Let us
make a final remark.

As discussed above, the conclusion of this paper locates the measurement problem in a neutral position with respect to
the endpoints of the realism-antirealism debate. Indeed, even if it is a problem that troubles someone of realist spirit,
the antirealist should also be worried as she embraces certain realist commitments, such as instrumental empirical ad-
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equacy, without collapsing to fully-fledged scientific realism. However, another important result implied by our dis-
cussion, is that the measurement problem is also neutral with respect to metaphysical debates informed (or justified)
by QM. This is because semantic realism is equally compatible with metaphysical of philosophical positions competing
against each other. For example, structural realism contrasts with standard scientific realism as it reverses the ontologi-
cal priority of the relata over and above the relations and structures in which they stand. However, this form of realism
acknowledges that empirical adequacy and ontological clarity at the level of the relata should be satisfied. As emphasised
by (French, 2014, Ch. 7), this is because there is no way to explain the empirical phenomena in terms of relations and
structures without having to explain such phenomena in terms of the relata in the first place.
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ABSTRACT: Science communication is a broad field and involves very diverse activities. This paper aims to illuminate
and partly systematise the diversity of science communication. We focus on three important dimensions: size of the au-
dience, frequency of interaction, and decision-making relevance. Based on them, we introduce a three-dimensional space
of science communication wherein particular scenarios can be located. We argue that relevant challenges for science
communication are particularly associated with certain areas of this space. Based on the proposed framework, we also ad-
dress potential strategies and developments in science communication.

RESUMEN: La comunicacién cientifica es un campo amplio que abarca actividades muy diversas. Este articulo tiene
como propdsito esclarecer y sistematizar parcialmente dicha diversidad. Nos centramos en tres dimensiones clave: el
tamaiio de la audiencia, la frecuencia de interaccién y la relevancia para la toma de decisiones. A partir de estas dimen-
siones, proponemos un espacio tridimensional de la comunicacién cientifica en el que pueden ubicarse los escenarios par-
ticulares. Sostenemos que ciertos desafios relevantes para la comunicacién cientifica estén especialmente asociados a cier-
tas zonas de este espacio. En base al marco propuesto, también abordamos posibles estrategias y desarrollos en el 4émbito
de la comunicacién cientifica.

1. Introduction

The idea that science communication can be studied with the tools of science itself (e.g., Fischhoff & Scheufele,

2013) is plausible. After all, we can apply the main elements of the scientific approach (developing hypotheses and

critically evaluating them on the basis of controlled data) to the most diverse phenomena —why not to science

communication? Indeed, results obtained in established scientific fields (cognitive psychology, just to mention one

clear example) can already be integrated in analyses of science communication (Mercier, 2020). So it makes sense to
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think that there is specific knowledge concerning science communication, with no convincing alternative to system-
atic, rational, and empirically testable research, i.e., scientific research, to obtain and consolidate such knowledge.

To apply scientific methods to the study of science communication, the science of science communication adopts
an empirical approach towards issues such as understanding audiences, designing messages, and evaluating commu-
nication strategies. In this sense, one of the central aims of the science of science communication is to address the
so-called “science communication paradox” (Kahan, 2015): although human societies have significantly expanded
their understanding of the natural and social world, there is little consensus on the scope of their collective knowl-
edge. Other major challenges are related with new media formats, emergent research topics, and polarised political
environments (Akin, 2017). The science of science communication is meant to be distinct from research on other
forms of communication, e.g., political communication, because of the privileged rhetorical status of science com-
munication and, consequently, the specific standards and norms to be met (Jamieson, 2017).

It should be aknowledged, however, that this remains an emergent field with contributions from a variety of po-
tentially diverging perspectives (Kahan ez /., 2017). Under these circumstances, a rather basic effort of organiza-
tion of the phenomena may be worthwhile. The main aim of this paper goes in this direction: our goal is to out-
line a scheme for classifying diverse kinds and modes of science communication and to explore the potential of
such scheme. In developing our proposal, we will keep the use of theoretical assumptions and tools to a minimum,
adopting a descriptive approach potentially providing a basis for a comparative and independent evaluation and/or
integration of different theoretical and practical approaches. Our discussion will especially illuminate and partly sys-
tematise the diversity of science communication, introducing a framework for assessing an array of scenarios, prob-

lems, and strategies.

The structure of the paper is as follows. Section 2 introduces the issue of the diversity of science communication set-
tings and activities. Section 3 discusses three relevant dimensions of science communication. It outlines a three-di-
mensional space regarding which particular communication scenarios can be located. Section 4 illustrates the three-
dimensional space of science communication by means of particular cases. Section 5 discusses important challenges
faced by science communication. We argue that some difficulties are particularly associated with certain areas of the
spatial representation outlined. Section 6, based on the proposed framework, addresses potential strategies and de-
velopments in science communication. Finally, section 7 concludes.

2. The diversity of science communication

Science communication is a very broad field. According to the influential characterisation proposed by Burns ez 4.
(2003), science communication encompasses the diverse skills, media, activities, and dialogues that aim to produce
awareness, enjoyment, interest, opinions, or understanding of science in a certain audience. The target audience of
science communication can be (a group of) media, corporations, policy-makers, or the general public.! Further-
more, science communication can concern virtually any topic related with science or technology. Still, science com-
munication can be demarcated as usually guided by some general rules including to be ethical, to respect the factual
truth, to not omit viable options, and to declare possible conflicts of interest (Jucan & Jucan, 2014).

Science journalism and documentaries that address topics in the natural sciences (e.g., astronomy) are often consid-
ered paradigmatic examples of science communication. Certainly, the main role of those media contents, which are

! In this paper, we will focus on cross-sectoral communication between scientific communities and other segments of society. Nonetheless,

science communication may also involve interactions within or between scientific communities (e.g., scientific conferences), as well as in-

teractions between laypeople (e.g,, citizen meetings about scientific issues) (Trench & Bucchi, 2010).
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targeted to the general public, is to increase awareness and understanding of important scientific facts. Nevertheless,
science communication arguably is involved in many other scenarios such as medical consultation, science and tech-
nology museums, public-health campaigns, and even science fiction films. These also partly aim at producing cer-
tain personal responses towards science in their audience (enjoyment is surely one example).

In a pioneering study, the UK Office of Science and Technology and the Wellcome Trust (2001) reviewed science
communication activities in Britain. The study included nine in-depth face-to-face and fifteen telephone interviews
with key players in science communication. Moreover, forty-four web questionnaires and thirty-five telephone in-
terviews were carried out. According to the study, science communication activities in Britain diverge in important
aspects such as the objective of the activity, how innovative it is perceived to be, and the geographic area of influ-
ence. Those activities include, among others, open days, science clubs, and government-commissioned reports. In
the last decades, the diversity of science communication has arguably increased even further. The development of
new technologies such as smartphones and the popularisation of social networks such as Facebook or Instagram
have given rise to new forms of interaction between science communicators and audiences. Consider for instance
YouTube. YouTube has become an important platform for sharing both user-created and professionally generated
content about science (Allgaier, 2020). This website allows for a direct, immediate, and interactive form of science
communication. Communicators can create and upload their videos autonomously and even interact with the audi-
ence in real time.

Nonetheless, the diversity of science communication and the divergences between particular communicative sce-
narios arguably deserve more attention than is currently acknowledged from scientists, science communicators, and
theorists. Lack of attention may be also related to so-called deficit approach to science communication. Despite sus-
tained criticism among specialists, many scientists and science communicators still embrace core elements of the def-
icit approach and tend to identify science communication straight away with the closure of a knowledge gap in the
audience (Besley & Tanner, 2011; Cortassa, 2016; Davies, 2008; Suldovsky, 2016).2 This approach, however, does
tend to overlook particularities of the diverse science communication scenarios and to invite a one-size-fits-all ap-
proach to practice.

The deficit approach is based on the deficit model of the public understanding of science (Ahteensuu, 2012; Bubela
et al., 2009; Bucchi & Trench, 2014; Burns ez a/., 2003). According to this model, novices usually have inadequate
or incomplete knowledge or understanding of science. Such ignorance is considered to be the basis of most negative
attitudes towards science and technology (e.g., scientific scepticism). For advocates of the deficit approach, the main
role of science communication is to provide accurate information about science and fill the deficit in knowledge.
It is considered that such (one-way) transfer of information is the fundamental tool for achieving scientific literacy
and, as a consequence, public support of science.?

In the deficit framework, the diversity of science communication is indeed typically overlooked. It is assumed that
both the challenge faced and the adequate intervention are virtually the same in all cases and differences among di-

In the (academic) debate on science communication, several concerns have been raised against the deficit approach. Science communica-
tion scholars have argued that this approach is overly simplistic, empirically inadequate, and largely ineffective (Bubela ez 4/, 2009; Bucchi
& Trench, 2014; Nisbet & Mooney, 2007).

In recent decades, various alternative approaches to science communication have been proposed. Among these, the communication of sci-
entific consensus has garnered particular attention (Bayes ef 4/, 2023). It has been suggested that consensus messages influence the per-
ceived consensus and, consequently, laypeople’s beliefs and attitudes. Existing evidence supports the role of perceived consensus in the for-
mation and acceptance of beliefs (Mercier, 2020). Furthermore, in the context of climate change communication, several empirical studies
have found a positive effect of consensus messaging on the acceptance of climate change and support for public action (van der Linden
et al., 2015, 2019). However, concerns have also been raised regarding the potential side effects of consensus messages (Chinn & Hart,
2023; Ma et al., 2019). Under certain conditions (e.g., conflicting prior beliefs), such messages may be perceived as manipulative, provoke

reactance, and even backfire.
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verse contexts of science communication elude thorough consideration. In particular, little attention is paid to the
particularities of the audience, the source of information, and the scientific domain. The deficit approach appears
to essentially presuppose that the public is homogeneous regarding the relevant aspects (Nisbet & Scheufele, 2009;
Simis et al., 2016). It is considered that novices lack important scientific knowledge and that informing them will
successfully fill the gap and lead to positive attitudes towards science. Peculiarities related with audience’s concerns,
values, political views, and pre-existing beliefs are also typically neglected. Also, the deficit approach does not take
into account the particular sources involved in science communication and the way in which they relate to the audi-
ence. The deficit model focuses on the content of the message (i.c., the relevant scientific information) and hardly
takes into account contextual aspects of the communicative process. Finally, in the deficit framework, differences
between scientific domains are regarded as irrelevant with virtually no impact on how science communication gen-
erally works. In all cases, the main problem is related with a knowledge deficit and should be addressed by providing
the missing piece of scientific information.

Although science communication scholars often claim that the deficit approach has been abandoned, its prevalence
among scientists and science communicators has been highlighted by different empirical studies. By means of several
group interviews and discussions, Davies (2008) examined scientists’ ideas on science communication. She high-
lights the influence of the deficit framework and argues that science communication is widely viewed as a one-way
transfer of scientific information. Besley and Tanner (2011) interviewed science communication scholars about their
views on scientists and their communicative training. According to their study, scholars broadly agree that the defi-
cit approach remains prevalent among scientists.

There are several factors that seem to contribute to the persistence of the deficit approach. Suldovsky (2016) ar-
gues that there are strong links between widespread views of fundamental aspects of science (e.g., scientific knowl-
edge) and science communication (e.g., purpose), and the deficit approach. For example, it is often considered that
science communication’s main role is to promote science within the public sphere. The communicative relation-
ship between science and the public is thus often understood as unidirectional: science contributes to improve so-
ciety, but societal phenomena and determinants play no role in science and scientific understanding. Simis ez /.
(2016) also argue that there are practical aspects that foster the persistence of the deficit approach. They argue that
one crucial aspect is scientists’ (lack of) training. Scientists rarely have formal training and understanding of public
communication. They are not taught specifically about how laypeople form their beliefs about science and how to
effectively communicate with them. The authors also consider another important factor, namely that the deficit ap-
proach leads to easy-to-implement policy designs. According to this approach, policy interventions simply have to
address ignorance and promote scientific literacy.

The diversity of science communication is sometimes overlooked even by scholars of science communication among
which the deficit model is widely rejected. Many analyses of science communication, although aiming at general
conclusions, focus exclusively on a particular kind of science communication practices (Bubela ez a/., 2009). Special
attention is typically given to print media and science journalism. Furthermore, studies on science communication
usually address the communication of scientific research and do not pay attention to the particularities of the com-
munication of technological developments (Trench & Bucchi, 2010). Finally, science communication scholars usu-
ally focus on the effects of one-time exposure to a single message, which is studied in isolation, and pay little atten-
tion to continued exposure and its implications (So ez al., 2017).

Overlooking the diversity of science communication is not harmless. Not only does it lead to descriptively inadequate
accounts of science communication, but it can also have practical consequences. The challenges faced by science com-
munication and the efficacy of interventions usually depend on the particularities of the communicative context. Not
paying attention to the latter may result in ineffective (or even harmful) interventions. Consider, for instance, the audi-
ence. Although science communicators care about the audience and for the message to be understood, relevant features
of the target population may be overlooked. Previous knowledge about certain scientific issue varies greatly depend-
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ing on aspects such as interests, social background, and domain. That means, for example, that the previous knowledge
of the audience is likely to vary from one communication context to another. This previous knowledge, however, may
have a significant influence in the effect of certain science-related messages (Bruine de Bruin & Bostrom, 2013; Fis-
chhoff, 2013). Indeed, humans are more likely to accept those messages that suit their pre-existing views. For example,
in two experiments about science communication on carbon-nanotubes and genetically modified foods, Druckman
and Bolsen (2011) found that individuals’ impressions and reactions to new factual information were biased by their
previous views on the topic. Participants in the experiment tended to perceive factual information consistent with their
initial opinion of the technology as stronger. Moreover, they also tended to perceive neutral factual information as con-
sistent with their prior opinion. When the previous knowledge of the audience is overlooked, one can see even negative
side effects taking place. For example, messages that the audience perceives as inaccurate, oversimplified, or repeating
well-known facts may sometimes erode the trust in science communicators (Fischhoff, 2013).

In sum, science communication is a broad area including diverse activities such as science journalism, medical con-
sultation, and operating museums. Nonetheless, the diversity of science communication tends to be overlooked by
scientists, science communicators, and even science communication scholars. In some cases, this lack of attention
may be related with the (unabated prevalence of the) deficit approach to science communication.

3. Three dimensions of science communication

Considering the breadth of science communication, it is essential to identify, analyse, and categorise the diverse sce-
narios that may emerge. Such categorisations can enrich theoretical discussions about science communication and
also provide a practical framework for communicators. This framework could assist in tasks like selection of strate-
gies, development of materials, and anticipation of potential challenges.

In the recent literature, we find several attempts to systematise science communication (Desmond, 2024; Elliott,
2017; Sanchez-Mora, 2016). Elliott (2017) focuses on engagement activities, i.e., interactions among people or in-
stitutions to exchange views, highlight problems, or evaluate proposals. Based on the entities involved and the way
of interaction, he distinguishes four main forms of engagement: (1) bottom-up engagement between community
groups and researchers, (2) top-down engagement exercises to elicit public participation, (3) interdisciplinary en-
gagement between scholars, and (4) engagement with laws, policies, and institutions that influence scientific re-
search. This categorisation aims to highlight the diverse ways in which values may influence science. On the other
hand, Desmond (2024) focuses on expert communication and distinguishes it from other forms of science commu-
nication. Expert communication is perceived as authoritative, conveys assertions about the state-of-the-art, and in-
forms decision-making about possible courses of action. Regarding expert communication, Desmond outlines a ty-
pology based on the priority given to transparency and actionability. He identifies and characterises, among others,
persuasive communication, paternalistic communication, and manipulative communication.

In this section, we introduce a new framework for assessing and characterising particular scenarios of science com-
munication. We take our current proposal as a complement and an extension of others available, with a focus on
three relevant dimensions: size of the audience, frequency of interaction, and decision-making relevance. As it has
been noted, in science communication, target audiences can diverge for several aspects, e.g., social role. One crucial
aspect which may be overlooked is the size of the audience. The size of the audience can range from one person to a
large number of people. In science communication contexts such as medical consultation or scientific advising, the
audience is often small. It is usually limited to one patient (and perhaps some member of their family), in the first
case, or some decision-makers in the second case. In public lectures, however, the audience often includes hundreds
of people. In those lectures, renowned scientists usually present major research findings to a large group of laypeo-
ple. In some contexts, the audience may be even larger. For instance, public health campaigns are usually targeted
to the whole population of a region. In fact, given the recent technological developments and the popularisation of
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social networks, the potential audience of a science-related message can be millions of people worldwide. This is the
case, for example, of science-based films and YouTube videos.

The second dimension is the frequency of interaction between the communicator and the audience. The recurrence of the
communicative interaction between science communicators and audiences can vary greatly. It can range from one unique
interaction to regular interactions every few days. Those regular meetings may even span a long period of time. In the con-
text of temporary exhibitions in science and technology museums, for example, the frequency of interaction with the au-
dience is very low. People usually visit a particular exhibition just once before it is dismantled or moved to another venue.
However, in other scenarios, there is a high frequency of interaction with the audience. For example, some science com-
municators become public celebrities and frequently address a loyal audience of laypeople from diverse platforms. This is
the case of public figures in science communication such as Carl Sagan, Neil deGrasse Tyson, or Richard Dawkins.

The third dimension is the decision-making relevance of the topic addressed. Science communication can be about any
topic related with science or technology and the relevance of those topics for decisions of concern of the audience var-
ies greatly. Some scientific issues are connected to important health, economic, or political decisions, while others are
highly disconnected from the audience’s everyday life and decisions. For example, as popular as it is, science dissemi-
nation about astronomy has typically little decision-making relevance for laypeople. In this context, science commu-
nication mainly aims at satisfying an intellectual curiosity and increase awareness about objects and phenomena on
a cosmic scale. On the other hand, communication on nutrition may have a high decision-making relevance. In this
context, the aim of science communication is easily related to dietary habits in the target population. Differences re-
garding decision-making relevance may be found even among communication activities of the same type. Public lec-

tures, for instance, address topics with diverse degrees of relevance, from mental health to dinosaurs’ extinction.

The decision-making relevance of a particular topic may change from one audience to another. For instance, infor-
mation about the heat conductivity of a newly discovered inorganic material may have little decision-making rele-
vance for the general public, but be relevant, say, for decision-makers in charge of distributing public funds for re-
search or making investment choices. Consequently, the decision-making relevance of a topic should be considered
in relation to a certain audience.

One can usefully integrate these three dimensions in a three-dimensional space of science communication. This
space can be represented with a figure like the following.
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Three dimensions of science communication

https://doi.org/10.1387/theoria.26291 215



Vincenzo Crupi, Satll Pérez-Gonzélez

Summing up, science communication includes very diverse cases. Particular scenarios can be characterised regarding
the size of the audience, the frequency of interaction, and the decision-making relevance. Those three dimensions
build up a three-dimensional space of science communication in which we can locate particular cases. We consider
that the proposed dimensions and the resulting framework have important strengths. First, our proposal encom-
passes many forms of science communication. Any communication from scientific communities to other segments
of the society can be situated with respect to the proposed dimensions, while other approaches tend to focus on a
particular kind of scenarios (see, for instance, Desmond, 2024). Second, the dimensions considered can often be as-
sessed in advance. Even before a communicative interaction has taken place, science communicators can assess those
parameters and roughly locate the communicative scenario in the three-dimensional space. Third, situating a sce-
nario with respect to these dimensions helps to anticipate possible challenges and to assess available strategies in sci-
ence communication. (We will explore this last aspect in sections 5 and 6.)

4. Particular scenarios ofscz'eme Communication

In order to illustrate diverse areas of the three-dimensional space of science communication, we are going to charac-
terise and locate in this space some paradigmatic scenarios of science communication.

Let us consider, in the first place, science communication in clinical practice. In specialised medical consultation,
interactions between doctors and patients are usually situated in the area close to vertex E. The interlocutor of the
communicator (doctor) is a single individual (patient) and perhaps their family. Furthermore, there is a low fre-
quency of interaction. The doctor and the patient usually just meet once or few times to talk about the issue of the
condition detected and the appropriate treatment.* Finally, the scientific content involved is normally quite relevant
for patients’ decision-making: the doctor provides information to guide decisions directly related to health.

An illustration of this kind of scenario is provided by early-diagnosed prostate cancer (Chen ez al., 2017). In this
context, the urologist must inform the patient about the condition and the feasible (surgical and non-surgical) in-
terventions, among which one has to choose. The audience of the message is typically a particular patient. Not only
is the message targeted to the patient, but it is also tailored to them (or at least it should be; see Tentori ez a/. 2018).
The doctor and the patient only meet a few times after the diagnosis to discuss the clinical situation and the avail-
able interventions (indeed, the time frame for decision is often substantially limited). Moreover, the issue addressed
has a high decision-making relevance for the patient. After the communicative interaction, the patient is supposed
to endorse an informed choice among the available courses of action.

Secondly, consider science communication in public health. In public health campaigns, interactions between com-
municators and the general public are usually in the area close to vertex F. The audience of the communicator is a
large group of people (e.g., the whole adult population of a country). Furthermore, there is a low frequency of inter-
action. People are normally addressed by the message of a particular campaign during a limited period of time. Fi-
nally, the topic at issue is usually relevant for decision-making. Public health campaigns aim to inform citizens and
guide their behaviour in health-related areas.

In order to illustrate this kind of scenario, consider vaccination against seasonal influenza. Health communication
campaigns are crucial to inform about and promote vaccination (Rowlands, 2014). In the context of seasonal influ-
enza, where communication campaigns are usually funded by national or regional health agencies, the target audi-

4 There are some cases in which specialised doctors and patients meet regularly (e.g., medically supervised diets). In those cases, the context

of science communication may be closer to vertex H. Note, however, that only a fraction of the physician-patient interaction concerns the

communication of scientific content.
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ence of the message is the whole population of a state or a region. Moreover, citizens are addressed by the messages
of the campaign for a limited period of time. In particular, they are involved mainly during the weeks preceding the
expected annual outbreak of influenza infections. The topic at issue has significant decision-making relevance for
the citizens. On the basis of the received information and their pre-existing beliefs, they have to decide whether to
get vaccinated or not.

As a final example, let us discuss podcast-based science communication about, say, astronomy. In the context of dis-
semination podcasting about astronomy, interactions between science communicators and novices are usually in the
area close to vertex C. The (potential) audience of the message is a large group of people: podcasts are usually availa-
ble in open platforms accessible to everyone. Often there is a high frequency of interaction between the communica-
tor and the audience (most podcasts release episodes on a regular basis, e.g., weekly). Also, the issue addressed has a
low decision-making relevance for the audience: in their everyday life, their decisions are not meant to be much in-
fluenced by the information received about astronomic phenomena and discoveries.

A specific and well-known example of this kind of scenario is the podcast StarTalk Radio hosted by Neil deGrasse
Tyson. StarTalk Radio aims to divulge about astronomy and physics. The podcast is available in several platforms
such as Apple Podcasts, Google Play Music, SoundCloud, Spotify, Stitcher, and Tuneln. Furthermore, it is com-
plemented with videos available on YouTube. As a consequence, the potential audience of this podcast amounts to
millions of people. There is also a high frequency of interaction with the audience. A new audio episode is released
every week. Furthermore, the audience can interact with the team of the podcast by means of their accounts in so-
cial media such as Twitter, YouTube, Instagram, Facebook, SnapChat, and TikTok. Some episodes are even de-
voted to answer questions by the audience. Nonetheless, most of the issues addressed in the podcast are not relevant
for audience’s decision-making. It usually addresses topics such as the nature of black holes, space exploration, and
the Big Bang,.

To sum up, representative cases of science communication differ regarding the dimensions considered and, conse-
quently, their location in the three-dimensional space. Medical advising, public health communication, and pod-
cast-based science communication about astronomy provide illustrations of how diverse activities are related.

S. Challenges in science communication

In the diverse areas of the space of science communication, different challenges are typically faced. By placing cer-
tain activities and initiatives in this space, one will be able to anticipate some of the difficulties to be handled.

S5.1. CHALLENGES RELATED WITH SIZE

As it has been noted (see section 2), recipients of science communication may diverge in many relevant aspects, e.g.,
political views, education, social background, etc. Moreover, as the target population increases in size, the audience
often tends to become more heterogeneous concerning these aspects.’ For instance, if we direct our message to the
population of a city rather than that of a neighbourhood, one can plausibly expect greater divergences in prior sci-
entific knowledge. This audience heterogeneity may result in the message having different effects on different mem-
bers of the target population. Let us discuss this in some detail.

> From alogical standpoint, population size and heterogeneity are independent factors. Surely enough, an increase in size does not necessar-
ily entail an increase in heterogeneity. We take the dependence of heterogeneity on population size as a tendency which will be modulated
by other factors and is likely to emerge in at least some common circumstances. As a consequence, the illustrations that we discuss here are

meant to apply on the provisos that such ordinary circumstances hold. (We thank an anonymous reviewer for prompting this remark.)
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Individuals assess the messages that they receive guided by mechanisms of “open vigilance” (Mercier, 2020). Some
of these mechanisms assess the content of the message, such as plausibility checking and reasoning. In the light of
pre-existing beliefs and inferential mechanisms, the information communicated is evaluated. For example, people
may assess how strong the arguments in support of a certain suggestion or claim are. Other mechanisms of open vig-
ilance focus on the source of the message. Those mechanisms consider the past performance of the source, its access
to information, its relative diligence, and the agreement with other sources. For instance, when the source has been
consistently right in its claims in a certain domain, people are more likely to accept its messages in that domain.

Nevertheless, the performance and reliability of mechanisms of open vigilance is not constant among individuals
and populations (Pérez-Gonzélez & and Jiménez-Buedo, 2023). Their performance is influenced by the proper-
ties and particularities of the individual recipient, which, as it has been noted, may vary a lot. Consider, for exam-
ple the mechanism of reasoning and how it involves the assessment of arguments. Individuals assess the arguments
in support of a claim on the basis of their pre-existing knowledge about inferential mechanisms and processes. How-
ever, this knowledge may vary a lot from one individual to another. It would depend, for instance, on education and
training.

Those divergences among individuals (and assessments) can be found in public understanding of science. Since the
1950s, the US National Science Foundation collects data on Americans public attitudes and understanding about
science and technology. Based on the 2016 survey, Besley (2018) uses latent profile analysis to identify homogene-
ous subgroups regarding views about science and technology. For that purpose, three kinds of variables are taken
into account: demographic variables, ideology variables, and attitude variables. Demographic variables include varia-
bles related to scientific background (e.g., general education level). The study identified six different subgroups: dis-
engaged, worried, cautious conservatives, moderate optimistic, liberal sciencephiles, and conservative sciencephiles.
Those subgroups, each of which is highly homogeneous, differ from each other regarding the variables under con-
sideration. Similar studies on population segmentations are available for other countries too (Schifer ez al., 2018).

The assessment, evaluation, and acceptance of certain science-related message may diverge from one individual to
another. When a population is large and heterogeneous, those divergences are expected among members of the
population itself. As a consequence, a particular message would have different effects in different members of the
population. For example, a counterintuitive claim supported by strong arguments is more likely to be accepted by
individuals with deep knowledge about inferential processes, whose approach to reasoning is reliable, than by indi-
viduals with limited knowledge and access to those processes.

We would finally like to highlight that heterogeneity poses a major challenge to the development and selection of
science messages and campaigns (Pérez-Gonzdlez & and Jiménez-Buedo, 2023). When the target population is large
and (potentially) heterogeneous, messages are likely to have unequal effects among members of the population and
involve trade-offs (Besley, 2018). For example, simple but inaccurate messages can be more effective with more peo-
ple but, at the same time, may be perceived as misleading and increase mistrust among informed individuals. In or-
der to develop and select the adequate message, it is crucial to anticipate their effects in the target population, but
such anticipation may sometimes be challenging. The net effect of a particular message depends on the composition
of the population and the properties of its members. However, when there is a limited access to the population of
interest (e.g., low frequency of interaction), detailed information about those aspects may be difficult to gather.

Audience size may also affect the chances of getting reliable feedback in the communication process. According to the
research, a construal of science communication as an exchange with the audience is not widely supported in practice.
While science communication trainers do value interaction with the audience, they also acknowledge that it is rarely
practiced (Yuan ez al., 2017). When scientific content must be conveyed, however, one would ideally want to check
how the message is being received and managed. In fact, such feedback information may be extremely valuable for a
number of reasons: it signals potential sources of misunderstanding, it suggests directions in which a more thorough,
careful, and extensive treatment may be needed, and it reveals whether and how the content interacts with non-epis-
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temic attitudes, perhaps triggering emotional reactions or partly trespassing into the domain of political debate or eth-
ical value. Indeed, the need to communicate with reduced opportunities to assess and understand the effects of mes-
sages on the audience (largely due to the emergency conditions) was arguably one of the reasons why the COVID-19
outbreak was a formidable stress test for science communication (see, e.g., Pollett & Rivers, 2020).

Getting useful feedback from the target audience of scientific communication does not necessarily require formal
methods of data collection. Nonetheless, research suggests that it turns out to be a remarkably demanding task even
under relatively favourable conditions, such as a clinical setting where the expert (physician) can interact directly
with a single layperson (patient) (Back ez al., 2019; also see Tentori et al., 2018). When the size of the target audi-
ence increases further, it is crucial to keep in mind some important conditions for success: the feedback information

should ideally be representative and informative, timely, and appropriately interpreted.

At first sight, it may seem obvious that one can get effective feedback in the service of scientific communication
with large audiences through the powerful technological platforms available nowadays. This may indeed be straight-
forward as concerns the timeliness of reactions from the audience: in this respect, scientific communication through
social networks and similar channels is surely disruptive in comparison to more traditional media. But such advan-
tage does not necessarily extends to other relevant features for the quality of the interaction. To begin with, more
opinionated reactions (be they supportive or confrontational) may easily be overrepresented or overweighted, to the
detriment of representativeness and informativeness about the communication process itself. Moreover, when feed-
back is recorded and shared (as it often is in online platforms), additional complications arise. Shared feedback may
significantly modulate the impact of the original message. For instance, Winter and Krimer (2016) observed a ten-
dency by readers to be distinctively affected in various ways by adversarial reactions in the assessment of blog articles
on science-related content (the dangers of violent video-games). No less important, shared feedback across large au-
diences may foster a strong tension for the communication agency, namely a tension between the goal of achieving
better understanding on how the scientific content gets across and the legitimate but separate goal of gaining popu-
larity to extend the reach of the message.

In summary, when the size of the audience is large, certain difficulties in science communication can be expected. In
particular, audience may be heterogeneous and differ in their epistemic attitudes. Moreover, it is complicated to ob-
tain reliable feedback even when modern technological platforms are used.

5.2. CHALLENGES RELATED WITH FREQUENCY

In scenarios with high frequency of interaction, science communication is often related with repetition of simi-
lar messages. Consider, for example, campaigns on tobacco consumption, obesity, safe sex, or global warming. The
main aim of the frequent interaction and repetition is to increase acceptance of the message and, in some cases, pro-
duce behavioural changes. It is assumed that more message exposure is better and more effective. Nevertheless, over-
exposure to a particular message or to a set of similar messages may result in unintended side effects. A particularly
relevant potential side effect is message fatigue (Kim & So, 2018; So, 2022; So ez al., 2017).

Message fatigue is characterised as “an aversive motivational state of being exhausted and bored by overexposure to
similar, redundant messages over an extended period of time” (So ez al., 2017, p. 10). It is usually associated with per-
ceived overexposure, perceived redundancy, exhaustion, and tedium. Message fatigue may be fuelled not only by me-
diated communication (e.g., media coverage), but also by interpersonal communication (e.g., casual conversations).
When a scientific topic becomes pervasive in interpersonal relationships, message fatigue is more likely to appear.

Message fatigue tends to reduce message acceptance and adoption of advocated behaviours (Kim & So, 2018; So,
2022; So et al., 2017). This effect is mediated by both active and passive resistance to additional messages (Kim
& So, 2018; So, 2022). Active resistance is related with reactance. Individuals of the audience oppose the message
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and argue against it. This kind of resistance is considered to be associated with those cases where a specific message
source is deemed accountable for message overexposure. Passive resistance is related with disengagement and inat-
tention. Members of the audience simply withdraw their attention for messages perceived as redundant. This kind
of resistance is considered to be associated with scenarios where the message environment (and not a particular
source) is perceived as responsible for overexposure.

Message fatigue is particularly relevant and worrisome in the context of anti-tobacco messages and campaigns (So,
2022; So & Popova, 2018). In the last five decades, a large volume of messages highlighting the harmful effects of
tobacco consumption has been released. In a recent study, So (2022) discusses the effects of overfamiliar antitobacco
messages focusing on negative physical health consequences (e.g., warning labels on cigarette packages). The study
shows that conventional anti-tobacco messages, which focus on physical health consequences portrayed in a loss
frame, induce message fatigue. Those messages are also found to be associated with higher levels of active and pas-
sive resistance and, as a result, a reduction in persuasive effects on quitting smoking.

Fatigue for a recurrent message is only one potential challenge when communication happens on a regular basis.
Another one, which is no less important, may actually arise from the opposite phenomenon, namely a difficulty to
maintain consistency. In certain circumstances, the task of providing scientifically accurate reports over time may
generate a pattern of apparently diverging messages, involving a risk that public trust in the source is weakened and
perhaps confusion emerges. Here again, important illustrations have emerged during the recent COVID-19 global
crisis, when communication of scientific content on a regular (in fact daily) basis has been mandatory.

One potential hurdle for consistent communication over time is the temporal overlapping of forecasts and regula-
tory interventions. In the COVID-19 pandemic, for instance, the effectiveness of physical distancing measures has
in many cases ‘disproved’ the worst epidemiological forecasts. In a case like this, a specific effort of clarification is
in order for the correct implication (namely, that regulations turned out to have an effect) to prevail on misguided
ones (e.g., that the forecasts were actually alarmist). Moreover, from the very beginning of the pandemic, experts
had to devote many efforts to refute unfounded or distorted interpretations, even when it was already foreseeable
that the scientific understanding of events would also evolve rapidly, as it invariably did (Scheufele ez al., 2021). But
to be informed about science “in the making”, when the understanding of phenomena develops quickly through
widespread uncertainty, may be disorienting and confusing unless citizens are enabled to monitor, reconstruct, and
interpret the (real or apparent) ‘turnarounds’ that cutting-edge research may deliver until stable clairity and consen-
sus are finally achieved.

The prospects of science and technology are constantly evolving. This is particularly clear in emerging fields (e.g.,
artificial intelligence) and in contexts more affected by human behavior (e.g., economics, epidemiology). When sci-
ence communication is limited to one or very few interactions, it usually focusses on a synchronic view, typically
aiming at an accurate outlook at a given moment. But even if a message is accurate at the time it is delivered, it may
soon require substantial adjustment or revision. So in a diachronic perspective, episodes of communication should
be able to integrate and convey due consideration of the dynamic nature of science.

To sum up, when there is a high frequency of interaction, some specific problems are likely to emerge in science
communication along with corresponding opportunities. In those cases in which messages remain similar over time,
message fatigue can reduce its acceptance. Furthermore, given the changing nature of science, maintaining consist-
ency among messages may require special effort.

5.3. CHALLENGES RELATED WITH DECISION-MAKING RELEVANCE

In contemporary science communication, a particularly pressing challenge is science denialism. Science denialism is
a specific form of a pseudoscientific attitude (Hansson, 2017). It consists in the systematic rejection of scientifically
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well-established results or claims on which a scientific consensus exists (Diethelm & McKee, 2009; Hansson, 2017).
Science denialism is usually associated with strategies such as creating fake controversies, misrepresenting scientific
claims, introducing deviant criteria of acceptance, and cherry-picking of data. Some well-known examples of science
denialism are climate change denialism, evolution denialism, and holocaust denialism. Unlike pseudotheory promo-
tion (e.g., homeopathy), science denialism does not focus on the promotion of a specific pseudoscientific theory.
Nevertheless, in order to increase controversy and undermine the target claim, denialists usually rely on alternative
theories (e.g., intelligent design) and spread misinformation.

Science denialism is usually motivated by people’s worldview or (political or economic) interests (Lewandowsky
et al., 2016; Lewandowsky & Oberauer, 2016). On the one hand, people tend to reject scientific findings and
claims that challenge their core beliefs and worldviews: consider, for example, rejection of biological evolution by
certain Protestant groups. On the other hand, people tend to reject scientific findings or claims that threaten their
economic or political interests. In an empirical study, Blank and Shaw (2015) assessed how deference to science is
influenced by partisanship, ideology, and religious beliefs. For that study, 2000 online interviews to American reg-
istered voters were conducted. The study found that both ideology and religious beliefs influence attitudes towards
scientific expertise. For example, biblical literalism correlated with low levels of confidence in science. Nonetheless,
relevant variations were identified across issue domains. On issues that touched on political matters, for instance
(e.g., health insurance), willingness to defer to scientific expertise decreased overall.

Denialism may become particularly concerning when the affected group is well organised (e.g., tobacco manufac-
turers, see (Proctor, 2011)). In empirical studies, organised denialism has been shown to have the potential to sig-
nificantly influence the public understanding of science. McCright ez a/. (2016) studied the influence of diverse
frames on communication about anthropogenic climate change. They considered both positive frames for increasing
concern (e.g., national security frame) and a denial counter-frame. The study found that the denial counter-frame
significantly reduced participants’ beliefs in the reality of climate change, their awareness of climate change con-
sequences, and their support for greenhouse gas emissions reductions. Moreover, the denial frame had a stronger in-
fluence on conservatives, who initially reported weaker beliefs about the reality and impact of climate change, than
on moderates and liberals.

In contexts where science communication has high decision-making relevance, there will be a tendency for scientific
content to interact more closely with people’s values and preferences, and science denialism may arise more easily.®
This tendency is further accentuated when the affected group is well-organised. In order to illustrate the threat of
motivated denialism, let us consider the public debate about climate change. This debate has a high decision-mak-
ing relevance for both policy-makers and citizens. Policy-makers have to make decisions on fuel taxation, green en-
ergy, sustainable materials, etc. At the same time, in their everyday life, citizens make certain elections regarding en-
ergy consumption. In this public debate, organised denialism has arisen (Brulle, 2014; Dunlap & McCright, 2011).
The organised climate change counter movement (CCCM) has contributed to public misunderstanding of climate
change and governments’ lack of legislative action. In this, sense, for instance, CCCM was crucial for the decision of
the United States senate of not ratifying the Kyoto Protocol in 1997 (McCright & Dunlap, 2003). The conservative
movement interpreted concerns over global warming as a menace to American industry, prosperity, and lifestyle.
Consequently, conservative think tanks (e.g., Heritage Foundation) challenged the legitimacy of global warming as
a problem by means of diverse strategic actions. Those actions included producing advertisements, appearing on tel-
evision programs, and taking part in Congressional hearings. Moreover, they regularly collaborated with American

Here again, the connection is of course contingent, and specific counterexamples are expected. Communicating about the latest research in
fluid dynamics to acrospace engineers may be construed as having high decision-making relevance for the audience, but denialism can be safely
ruled out in this setting. And conversely, denialism may happen to target bits of scientific content even when practical impact appears to be
very limited. The tendency we mention in our discussion is mediated by a stronger interaction with possibly divergent personal values and

preferences, and such proviso should be kept in mind. We thank an anonymous reviewer for prompting these cautionary clarifications.
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climate change sceptics. All these efforts eventually resulted in the redefinition of global warming as non-problem-
atic. That redefinition influenced in the policy arena and contributed to the no ratification of the Kyoto Protocol.

When science communication involves topics directly relevant to choices of social or personal interest, it is also cru-
cial to remember that expertise does not automatically extend from the former to the latter. One crucial aspect of
this issue has to do with a fact / value divide, and is perhaps easier to acknowledge: there is always an irreducible
logical gap between an informed understanding of the scientific and technical dimension of a problem and an as-
sessment of what we should do as a society and as individuals (Varma, 2021). A more subtle and additional compli-
cation is intrascientific, however: it involves the boundaries between distinct disciplines (especially natural vs. behav-
ioral sciences) as they relate to a single topic of interest, such as nuclear energy or vaccination. To avoid distortions,
it is not enough that experts are personally and subjectively aware of these gaps (which may also not be guaran-
teed). When the decision-making relevance of scientific content grows, it is the manner of communication itself that
should make the gaps clear to the audience.

Consider recent philosophical discussions on epistemic trespassing (Ballantyne, 2019) or expert trespassing testimony
(Gerken, 2018). Epistemic trespassing may occur when an expert pass judgment on questions in fields where they
lack expertise. In typical cases, a significant subset of the audience is likely to consider that the judgment refers to
their field of expertise. Expert trespassing testimony is usually both epistemologically problematic and morally prob-
lematic. It can be seen as a violation of a basic maxim of pertinence in the epistemology of expertise, whereby good
experts give judgment within their field of competence and do not judge without qualifications on matters outside
the scope of their expertise (see Martini, 2019). Expert trespassing testimony normally gives rise to epistemically in-
hospitable circumstances, i.e., circumstances in which audience’s ability to form truth-conductive believes is under-
mined (Gerken, 2018). Note that, when a layperson forms a belief out of trust in a source in the corresponding do-
main of expertise, the process will typically generate a justified belief. If epistemic trespassing occurs, however, the
layperson may easily end up with a similar degree of confidence in their belief, but without the benefit of a compa-
rably strong degree of justification (DiPaolo, 2022). The science and technology of nuclear energy for civil uses is
distict from knowledge about its economic or societal sustainability, for instance, yet a science communicator target-
ing the former may find themselves willing or urged to address the latter. A similar situation may arise with some-
one versed in the science of vaccine efficacy when it comes to the plausible consequences of alternative approaches
in vaccination policy. In such circumstances, epistemic trespassing may well be non-malicious and even inadvertent,
but it is worrisome nonetheless. In fact, epistemic trespassing should be considered a specific risk for science com-
munication at the top area of our figure above.

Summing up, when addressed topics have high decision-making relevance, science communication tend to face cer-
tain difficulties. In those cases, motivated science denialism is likely to emerge. Moreover, scientific advice may en-
counter diverse problems related with expertise.

6. From challenges to prospects

So far, we have put forward a tentative map of diverse science communication settings and activities, with a focus
on three selected dimensions. However rudimentary, this mapping exercise yielded a benefit of systematization: as
it turns out, one can subsume and understand a significant variety of cases as belonging to distinct areas of our pa-
rameter space and make sense of how they all involve the communication of scientific content although in differ-
ent terms. Moreover, we have suggested that variation along each of our key dimensions modulates the kind of chal-
lenges that will predictably become more pressing for science communication to prove effective under the relevant
circumstances. Here we want to pursue a more constructive outlook and consider how our approach can be helpful
for discussions about strategies and developments to improve science communication.
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To the extent that the diverse landscape of science communication becomes at least partly organized, a clearer pic-
ture can emerge as concerns certain tools that are potentially effective but also controversial. Framing is an interest-
ing example. It is a long established fact in behavioural science that humans” understanding of information can vary
in a systematic way depending on how such information is framed, namely, on features of format and perspective
that do not alter the content but affects interpretation nonetheless (Kahneman & Tversky, 2000). The phenome-
non is widespread and spans from matters of economic behaviour up to scientific content itself, especially in settings
where decision-making relevance is moderate or high. In a classic study, for instance, gain- versus loss-framed mes-
sages with identical substantial content (“The benefits of obtaining mammography” vs. “The risks of not obtaining
mammography”) were compared as concerns routine mammography in 40 year old women. Women who viewed
the loss-framed message were predicted and found to be more likely to have undergone the test in a 12-month fol-
low-up (Banks ez al., 1995). Similar or related effects have been observed in domains as diverse as meat consump-
tion (Caso ez al., 2023), nanotechnology (Cobb, 2005), Covid-19 vaccination (Sasaki ez al., 2022), and sunscreen
protection (Detweiler ez al., 1999).

Importantly, a predictable framing effect can also be deployed as a nudge, a tailored contextual arrangement which
is meant to affect judgment and behaviour while leaving all the agent’s options otherwise available (Thaler & Sun-
stein, 2021). But is nudging by framing a legitimate tool for science communication? The nudge approach has been
criticized for its paternalistic aspect (e.g., Rebonato, 2012) and contrasted with a strategy of empowering people’s
understanding (e.g., Hertwig & Griine-Yanoff, 2017). Given our analysis above, however, such contrast is largely
a false alternative. Strengthening understanding in relevant scientific matters on the basis of the best available evi-
dence from behavioural science is surely a much attractive goal in itself. However, the fulfilment of the conditions
that are arguably required for such endeavour is by no means equally spread over the landscape of science commu-
nication settings. Consider the area close to vertex F in Figure 1. Here we have scientific content that is relevant for
decision making conveyed to a large audience without the opportunity of repeated interaction. Under such condi-
tions, it seems only reasonable to consider that information Aas to be framed in some way, and to calibrate it respon-
sibly to favour beneficial outcomes, if possible at all. If we move away from vertex F towards E or H, on the other
hand, framing may no longer be the most suitable strategy. When the size of the audience decreases and the fre-
quency of interaction increases, it becomes possible to strengthen the scientific understanding of the audience. Tar-
geted interventions can be conducted to assess audience understanding and overcome relevant difficulties. In those
contexts, a greater attention to foster autonomy of judgment and choice is quite appropriate. Clinical consultation
may be a case in point (Aggarwal ez al., 2014).

So nudging and empowering scientific understanding need not be competing strategies after all. Once the diver-
sity of science communication is acknowledged and mapped, changing patterns of challenges and opportunities are
bound to emerge in different areas, and different tools and approaches can simply complement each other.

The proposed framework, which acknowledges the diversity of science communication, also provides relevant in-
sights for improving training. We can assess and reconsider how the diversity of science communication is addressed
in science communication training. In current training, the existence of relevant divergences between communica-
tion scenarios receives insufficient attention (Baram-Tsabari & Lewenstein, 2017; Dudo et al., 2021). Training usu-
ally focuses on generic communication skills (e.g., storytelling). Differences between scenarios are acknowledged,
but they are restricted to the particularities of the audience. In this sense, it is explained that communicators should
consider aspects such as the ideology, the history, and the social context of the audience. Nonetheless, particularities
of the addressed scientific topic or the communicator-audience interaction are not considered.

In a recent study, Dudo ez al. (2021) addressed the key characteristics of current science communication training
programs based in North America. For that purpose, 32 semi-structured interviews with science communication
trainers were conducted. The study found that training emphasises discrete skills such as storytelling, removing jar-
gon, and creating visuals. Those skills are considered helpful across communication platforms (e.g., social media,
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face-to-face interviews, etc.). Nonetheless, strategic communication receives little attention. The only widely ac-
knowledged strategic element is to “know the audience”. In a similar study, Bennett ez a/. (2023) focused on science
communication fellowship programs in North America. This qualitative study involved 25 semi-structured inter-
views with directors of science communication programs. Fellowship programs diverge from other training activities
in important aspects. They usually involve context-specific practical skills (e.g., humanising scientists) and situated
learning. Nevertheless, strategic communication also receives little attention in science communication fellowships.

The diversity of communication scenarios also encourages us to emphasise the different profiles of science communi-
cators. Diverse scenarios, which involve different challenges, require diverse knowledge and skills. For example, con-
sider medical consultation and public health campaigns. Skills related to addressing heterogeneous populations are not
very relevant in the first case but crucial in the second. This means that there is no profile of science communicator that
suits all types of scenarios. The appropriate profile depends on the particularities of the scenario. The diversity of pro-
files also has implications for science communication training. No programme can successfully train all profiles of sci-
ence communicators at the same time (Baram-Tsabari & Lewenstein, 2017). The relevant knowledge and skills change
across profiles. Training programs should, therefore, focus on certain profile of science communication.

In summary, based on the proposed framework, we can address potential strategies and developments in science com-
munication. In this sense, nudging and strengthening understanding can be considered as complementary approaches
that suit diverse kinds of scenarios. Moreover, we can assess science communication training and identify relevant lim-
itations of current practice. In current training, the diversity of communication scenarios and profiles is usually over-
looked. The proposed framework provides the basis for developing more diverse and specialised training programs.

7. Conclusions

Science communication is a broad field and involves very diverse activities, from popular science journalism to indi-
vidual medical consultation. Nonetheless, the diversity of science communication usually receives insufficient atten-
tion by scientists, science communicators, and even science communication scholars. In this paper, we have intro-
duced a framework for assessing the diverse scenarios, problems, and strategies of science communication. We have
identified three crucial dimensions of science communication: size of the audience, frequency of interaction, and
decision-making relevance of the topic. Those dimensions build up a three-dimensional space of science communi-
cation regarding which particular communication scenarios can be located. We have illustrated diverse areas of this
space by particular cases of medical advising, public health communication, and podcast-based science communica-
tion about astronomy.

Based on the proposed framework, we have addressed relevant challenges of science communication. We argue that
some areas of the space of science communication are usually associated with certain challenges. When the size audi-
ence is large, it is more likely to be heterogeneous and diverse in their epistemic attitudes. Moreover, obtaining reli-
able feedback becomes complicated. In scenarios where there is a high frequency of interaction, if messages remain
similar over time, message fatigue can emerge. Furthermore, in certain contexts, it may be difficult to maintain con-
sistency among messages. Finally, when addressed topics have high decision-making relevance, motivated science
denialism and problems related with expertise may be encountered. We have also argued that, from the proposed
framework, potential strategies and developments in science communication can be assessed. In this sense, nudging
and strengthening understanding are shown to be not alternative approaches, but complementary strategies suitable
for diverse kinds of scenarios. We have also argued that science communication training does not sufficiently take
into account the diversity of scenarios and profiles of communicators.

We have focused on three important dimensions of science communication: size of the audience, frequency of inter-
action, and decision-making relevance. Considering those dimensions has positive aspects: it allows to account for
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diverse scenarios, the dimensions can often be assessed in advance, and it allows to anticipate certain difficulties and
propose certain strategies. This can be useful for science communicators as well as for science communication schol-
ars and educators. Nevertheless, the proposed framework may also benefit from further developments and refine-
ments. In this sense, additional dimensions of science communication, which complement the ones considered here,
could be integrated allowing for a richer input within the framework.

In particular, it should be noted that our framework does not explicitly consider the ethical aspects of science com-
munication. Some of the aspects considered, however, may have important ethical implications and contribute to
the ethical analysis of science communication. For example, decision-making relevance is often related with ethi-
cally laden communication. In the last decade, the ethical dimension of science communication has been exten-
sively discussed (Desmond, 2024; John, 2019). Science communication is rarely neutral or value free: epistemic and
non-epistemic values are usually involved in many stages of science communication. Values may guide decisions
about frames, terminology, metaphors, and categories (Elliott, 2017). When deciding how to present a new scien-
tific discovery, for example, science communicators are usually influenced by their own worldviews. In some cases,
to favour their non-epistemic goals, communicators may even engage in wishful talking and endorse unestablished
claims (John, 2019). Given the widespread presence of values, recommendations have been advanced to guide sci-
ence communication practices. Many authors have argued for value transparency in science communication (e.g.,
Elliott, 2017; Intemann, 2024). According to those proposals, communicators should disclose the values involved
in their decisions and messages. John (2019) instead holds that, to respect audience’s autonomy, science communi-
cation should follow the Value-Apt Ideal. According to this ideal, communicated findings should not rely on non-
epistemic values incompatible with those of the audience. Some authors, complementarily, have emphasised the role
of the audience and argued that they have the ethical obligation to assign credibility judiciously (see, for instance,
Holman, 2021). Other categorisations of science communication do consider (some aspects of) the ethical dimen-
sion of science communication (e.g., Desmond, 2024). We believe that these accounts should not be understood as
alternative, but as complementary to the proposed three-dimensional framework. We encourage future work to ex-
plore the articulation and integration of diverse classifications.
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In this work, I will defend that the intuitionistic conditional is at least as good as a model of the
indicative conditional as any other proposal in the literature. I will argue that the intuitionistic
conditional validates several desiderata posed by the literature, as well as having probabilities that
match a version of Stalnaker’s Thesis.
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El articulo evalta la teorfa de conocimiento extendido (TCE) como explicacién de la agen-
cia epistémica ante razones derrotantes y argumenta a favor de la segunda opcién del siguiente
dilema: TCE conduce al escepticismo (y, por lo tanto, renunciamos a la teorfa) o TCE acepta el
relativismo epistémico (y, por consiguiente, s6lo modificamos la metaepistemologia de la teorfa).
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This article aims to lay out a metaphysical map of the possible metaphysical attitudes that phi-
losophers may adopt with respect to physical symmetries. I distinguish nine different attitudes.
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sentation of phenomena: a pattern-based inference», Theoria, 2025, 40/2, 172-186

We argue that the modeling of data to obtain evidence for phenomena involves four levels: data,
sample structure, population structure and phenomena. Our analysis shows that the notion of
pattern is essential to fully grasp the inferential capacity of data models, where representation oc-
curs through nested surrogative reasoning —typically in the form of an isomorphism that holds
at different layers.
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Summary

Juan GUZMAN, Jorge MANERO (Universidad Nacional Auténoma de México), «The role played by scientific realism in
the measurement problem of quantum mechanics», Theoria, 2025, 40/2, 187-209

Our manuscript intends to characterise the infamous measurement problem of quantum me-
chanics in the context of the realism-antirealism debate by arguing that the quantum description
of the processes involved in typical measurements is problematic from the standpoint of seman-
tic realism.

Vincenzo CrUPI (University of Turin), Sail PEREZ-GONZALEZ (University of Valencia), «Mapping the communica-
tion of science>, Theoria, 2025,40/2,210-230

This paper aims to illuminate and partly systematise the diversity of science communication set-
tings and activities. We introduce a framework based on audience size, frequency of interaction,
and decision-making relevance. This framework allows to map communication scenarios, identi-
fying where certain challenges often arise. It also offers insights to address strategies and develop-
ments in science communication.
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