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Abstract tivity — which is considerably model-based they are at the

The concept of abduction can be useful to clarify the con same time engaged in “being cognitive agents” and therefore
uct u u | - . . 1. . . . . .

flict instinct vs. inference in cognitive science. The resul 11 thinking intelligently. Animportant effect of this seotic

ing idea that abduction is partly explicable as a biologinal activity is a continuous process of “hypothesis generation

stinctual phenomenon and partly as a more or less *logical” that can be seen at the level of both instinctual behavior, as

operation related to “plastic” cognitive endowments ofaaH : “ P o ; ;
ganisms naturally leads to stress that many animals — tradi- a kind of “hardwired” cognition, and representation-otegh

tionally considered “mindless” organisms — make up a series behavior, where nonlinguistic pseudothoughts drive atiglas
of signs and are engaged in making, manifesting or reacting model-based cognitive role.

to a series of signs. Through this semiotic activity — whigh i . L .
considerably model-based — they are at the same time engaged 1 NiS activity is at the root of a variety of human and non-

in “being cognitive agents” and therefore in thinking ititel human abductive performances, which | have also analyzed in
gently. An important effect of this semiotic activity is areo the light of the concept of affordance (Magnani, 2009, chap-
tinuous process of “hypothesis generation” that can be aeen . .

the level of both instinctual behavior, as a kind of “harcaeit ter five). Another important character of the model-based

cognition, and representation-oriented behavior, whene n cognitive activity above is the externalization of artifathat

linguistic pseudothoughts drive a plastic model-basedieog i i i “thinki
tive role. Another important character of the abductive atod play the role of mediators in animal languageless thmklﬁg

based cognitive activity above is the externalization tfaots Thatis, the interplay between internal and external repres
that play the role of mediators in animal languageless khin tations exhibits a new cognitive perspective on the mecha-
ing". That is, the interplay between internal and exteregtr nisms underlying the semiotic emergence of abductive pro-

resentations exhibits a new cognitive perspective on trehme . - .
anisms underlying the semiotic emergence of abductive pro- C€SS€S In important areas of model-based thinking of mind-

cesses in important areas of model-based thinking of mésdle  less organisms. A considerable part of abductive cognition

organisms. occurs through an activity consisting in a kind of reificatio
Keywords: Abduction; instinct; rationality; animal cognition. the external environment followed by re-projection anavei
terpretation through new configurations of neural networks
Instinct vs. Inference and their chemical processes. | contend that the analysis of

The concept of abduction (Magnani, 2009) can be useful tdhe central problems of abduction and hypothesis gene_rati(_)
clarify the conflict instinct vs. inference in cognitivesnce. ~ €an help to address the problems of other related topics in
We can overcome this conflict simply by observing that themodel-based animal cognition, like pseudological andxefle
work of abduction is partly explicable as a biological phe-V€ th_lpkmg, the role of p_SeuqoeXplanatpry guesses irtiplas
nomenon and partly as a more or less “logical” operation re€ognition, '_[he ro_le of reification an_d beliefs and th_e prable
lated to “plastic” cognitive endowments of all organisms. | Of the relationship between abduction and perception, and b
entirely agree with Peirce: a guess in science and the appedyeen rationality and instincts.
ance of a new hypothesis is also a biological phenomenon and . . .
as suchitis relatl?ad to instinct, in the sense tphat we can com- Rationality of Instincts
pare it to a chance variation in biological evolution (evesfi  Instincts are usually considered irrational or at least a-
course the evolution of scientific guesses does not conform trational. Nevertheless, there is a way of considering the be
the pattern of biological evolution). An abduced hypotkesi havior performances based on thema®nal. Based on this
introduces a change (and an opportunity) in the semiotie proconclusion, while all animal behavior is certainly desedias
cesses to advance new perspectives in the coevolution ofthe — ) - )
organism and the environment (gene/cognive niches coevol%‘t}'fé?’a?ﬁ'g%?;'lcgc’)t%”f‘folﬁqag'ri‘r?d?\fi ghgar;iyr?g :Yrslg?wcfr'k',,r';'ggsgfj
tion (Odling-Smee, Laland, & Feldman, 2003)). cf. (Skyrms, 2008).

The resulting idea that abduction is partly explicable as a 2| strongly maintain (Magnani, 2002, 2009) that there are

biological instinctual phenomenon and partly as a more ofW0 kinds of abduction, “sentential”, related to logic armlver-

Wi ] : « ‘n - al/symbolic inferences, and “model-based”, related ¢oetkploita-
less “logical” operation related to “plastic” cognitivedow- tion of internalized (or to the manipulation of external) adets of

ments of all organisms naturally leads to stress that maRy andiagrams, pictures, etc., cf. below in this paper. | havedten
mals — traditiona”y considered “mindless” Organisms —mak that the idea of extension of the notion of abduction beymgicl

uUp a series of signs and are engaaed in makin manifestinis sometimes disputed in the cognitive science literature.

P . 9 . . 9ag . g,_ . 9 30n the common historical view — defended, for example by
or reacting to a series of sighsThrough this semiotic ac- paniel Dennett, Michael Dummett. and Donald Davidson, feb
_ that we should not assign rich cognitive abilities to creaduthat

1For a recent survey on the current research on the origin, evdack language, cf. (Francescotti, 2007).
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rational, at the same time it is still rudimentarily consield  ground assumption is the seeming impossibility that some-
instinctual. The consequence is that every detailed hypoththing ineluctable like instinct cannot be at the same time in
esis on animal intelligence and cognitive capacities i®igiv trinsically rational. Of course the concept of rationalgyin

up: it is just sufficient to acknowledge the general rational this case paradoxical and the expression rationality has to
ity of animal behavior. Let us illustrate in which sense wetaken in a Pickwickian sense: indeed, in this case the organ-
have to interpret this apparent paradox. | think the analyisms at stake “cannot” be irrational. A strange idea of ratio
sis of this puzzling problem can further improve knowledgenality! Given the fact that many performances of nonlinguis
about model-based and manipulative ways of thinking in hutic organisms are explainable in terms of sensory precondi-
mans, offering at the same time an integrated view regardintjoning (and so are most probably instinct-based — hardivire
some central aspects of organisms’ cognitive behavior: Fur and without learnt and possibly conscious capacitieshwhic
thermore, | contend that the argument for reduction of tee di enable them to choose and decide), the rationality of costs a
tinction between abductive inference and perceptionfiost benefits in these behaviors is expressed in the “non-formal”
offers the suitable philosophical/cognitive tools to male terms of Darwinian “fitness”. For example, in the optimal
this integrated view. foraging theory, rationality is related to the animal’s aeity

Explanations in terms of psychological states obviously at— hardwired thanks to evolution — to optimize the net amount
tribute to human beings propositional attitudes, whichare ©f €nergy in a given interval of time. Contrarily to the use of
precondition for giving aational picture of the explained be- SCMe consciously exploited heuristics in humans, in arsmal
havior. These attitudes are a combination of beliefs and dgnany heuristics of the same kind are simply hardwired and
sires. Rational internal — doxastic — states charactetigegim SO related to the instinctual adaptation to their niches.
behavior and are related to the fact that they explain why a The following exaerIe provided by Bermudez can further
certain behavior is appropriate on the basis of a specifie rel clarify the problem. “Redshanks are shorebirds that dig for
tionship between beliefs, desires, and actions (cf. (Magna Worms in estuaries at I_ow tide. It has been noticed that _they
2007b, chapter seven)). How can this idea of rationality psometimes feed exclusively on large worms and at other times

extended to nonlinguistic creatures such as human infanits a fé€d on both large and small worms. [...] In essence, al-
several types of animals, where the role of instinct is cimsp though a large worm is worth more to the red shank in terms

uous? How can the inferential transformations of their poss ©f quantity of energy gained per unit of foraging time than
ble internal “thoughts” be recognized when, even if conceiv & Small worm, the costs of searching exclusively for large
able as acting in their nervous systems, these thoughtstdo n§Orms can have deleterious consequences, except when the
possess linguistic/propositional features? large worms are relatively plentiful” (Bermudez, 2003, p.
: . oo . . . 117). The conclusion is simple: even if the optimal behavior
The whole idea of rationality in human bemgs 'S b""S'C"’lllycan be described in terms of a rational complicated version
related to the fact we are able to apmlgductiveformal-

tacti les 1o linquisti its i truth : of expected utility theory, “[...] the behaviors in which it
syntactic rules 1o finguistic units in a ruth préSevingywa - 5 yifests jtself do not result from the application of such a

an |ma_gfa tha_t dwectly_com_es from the tradition ?f Cl.ass"theory” (ibid.). We can account for this situation in abductive
cal_ logic: a .klnd.Of rationality robustly related to .Iog|eo terms: the alternatives which are “abductively” chosentisy t

epistemological” ideals. The computational rgvolu_tlonhﬁ redshanks are already wired, so that they follow hardwiked a
last Qecades h"."s stressed the fact.thgt rationality can al%%rithms developed through evolution, and simply instgeti

t_)e V|ew_ed as_llnked_to ways of thinking such alsduc- the idea of abduction related to instincts present in Pairce
tion andmducn_on Wh'ch can in turn be e?(p.ressed through insights: “When a chicken first emerges from the shell, itdoe
more or less simpléeuristics These heuristics are usually not try fifty random ways of appeasing its hunger, but within

well-assessed and shared among a wide community from thfﬁ/e minutes is picking up food, choosing as it picks, and pick

pomttohf view of tth% cn:ena IOf appllca:bglt.y,tﬁu_t .almto_stjm:tl ing what it aims to pick. That is not reasoning, because it is
\tNat)f ey f)rci_\:e of Ie strong yclognecé edin _t_elr Instan not done deliberately; but in every respect but that, it & ju
o the centrality of language. Indeed cognitive science anﬂrke abductive inference?.

epistemology have recently acknowledged the importance o The situation does not change in the case that we consider
model-based and manipulative ways of rational thinking in

", . . X : ) hort-term and long-term rationality in evolutionary beha
human cognition, but their efficacy is basically con5|dereqS d v y

0 be strictl lated to their hvbridizati th the liri ors. In the case of the redshank we deal with “short-term”
0 be strictly rerated 1o their hybridization wi € IN8Y instinct-based rationality related to fitness, but in theeoaf
tic/propositional level. Consequently, for the reasonsaven

S T i animals that sacrifice their lives in a way that increases the
just illustrated, it is still difficult to acknowledge thetia

. o L lifetime fitness of other individuals we deal with “long-tet
nality of cognitive activities that are merely model-based fithess. It has to be said that sometimes animals are also
manipulative, like those of animals.

“hardwired” to use external landmarks and territory signs,
At the beginning of this section | said that, when dealing47
with rationality in nonlinguistic creatures, traditionitially ~__"Cf. the article “The proper treatment of hypotheses: a preli
lead to a straightforward acknowledgment of the premay.chapter, toward and examination of Hume's argumeainag
eads us g g Pr€miracles, in its logic and in its history” [1901], in (Peick966, p.
sumptive and intrinsic rationality of their instincts. Thack-  692).
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and communicate with each other using these threat-displagcknowledgment that model-based and manipulative cogni-
signals that consent them to avoid direct conflict over foodtions are endowed with an “inferential” status in the Peaicea
These artifacts are just a kind of instinct-baseddiators  wide semiotic sense of the word Peirce: all inference is a
which are “instinctually” externalized and already evalnt ~ form of sign activity, where the word sign includes “feeling
arily stabilized. These mediators are similar to the cogniimage, conception, and other representation” (Peirce1-193
tive, epistemic, and moral mediators that humans extemali 1958, 5.283).

thanks to their plastic high-level cognitive capacitia#, less The second relates to the rejection of the restricted lbgica
complex and merely instinct-based. perspective on inference and rationality | have described i
the previous section, which identifies inferences at théesyn
Levels of Rationality in Animals tic level of natural and artificial/symbolic languages (st

last case, also endowed with the truth-preserving property
which produces the well-known isomorphism between syn-
tactic and semantic/content level). | think the perspediiv
terms of multimodal abductive cognitiényhich avoids old-
Jashioned models of rationality, furnishes the suitablekba
round for a unified analysis of the issue.

At this high-rationality level we can hypothesize in nonlin

Beyond the above idea of rationality in animals and infasts a
being related to tropistic behaviors connected to reflerds a
inborn skills such as imprinting or classical conditionitige
role of intermediary internal representations has to barbie
acknowledged. In this last case we can guess that a rati
nal intelligence closer to the one expressed in human cogng

tion, and so related to higher levels of abductive behaigor, o . i . .
operating. We fundamentally deal with behaviors that shoyUistic organisms more than the simple selection of acfions
geen as merely hardwired and operating at the level of percep

the capacity to choose among different outcomes, and Whict like the th fi diate afford teach h
can only be accounted for by hypothesizing learnt intermeONS lIK€ Ihe theory ohimmediate aflordances teachesjane
zf|mple instrumental conditioning has attached to some ac-

diate representations and processes. In some cases a kind, . . : . .
tions a positive worth. Instead, in Level 2 rationality, qain

decision-making strategy can also be hypothesized: irt fron ted. relatively stable. int I i thaoant
of a predator an animal can fight or flee and in some sens ated, relalively stable, internal representations thabant
or consequences are at work. In this case selecting is se-

one choice can be more rational than the other. In front o i ¢ Kt ) » a bird that |
the data, to be intended here as the “affordances” in a Gib Mg — SO 10 Spéak —1or Some ‘réasons  a bird that learns

sonian sense, provided through mere perception and whicﬁﬁ prebss; Il_ever :jn.a swt.able v_\iay totobtt)am foo%, W.h'Ch will
present various possibilities for action, a high-levelqass en t'e et:)l\{[ere w;hatglt;/err: stte, acds thy considering an as';\
of decision-making is not needed, but choice is still pdssib soclation between that behavior and the consequences.

With respect to mere pre-wired capacities the abductive pekind of instrumental pseudobelief about the future and &bou

havior above seems based on reactions that are more fIexibl‘;é?rtgﬂ;)gzagerreegeur:gg'zi:js e:tnae?gf.hzg’.in: r%(()aarg?@ns"no del
(Bermldez, 2003, p. 121) labels Level 1 this kind of ratio- S pres g 1zed | Y

nality. It differs from rationality intended as merely imstt- pased way. Then th.e. organism mternal_ly holds representa-

o L . tions with some stability and attaches utility scores tarthe
based, expressed in immutable rigid behaviors (called ILevebased on their choice a consequent action is triggered hwhic
0). Level 1 rationality (which can still be split in shortre 9 99

and long-term) i for example widespread in the case of ani\_N|II likely satisfy the organism’s desire. The action wileb

mals that entertain interanimal interactions. This kindasf i;orgﬁzdégnsggg r;msounc(ﬁzgirﬁ ag}:g,g;?feapgf:ggg of out-
tionality would hold when we clearly see ir-rational anisyal Of course the d,escription above suffers the typical r;\nthro-
which fail to signal to the predator and instead flee, thuatere pomorphism of the observer's “psychological” explanasion
if‘g abad outc_om_e _forgroupﬁtness (and fqrtheir own IiffatimeHowever beliefs do not have to be considered explicit; nev-
fitness: oth_er |_nd|V|duaIs will cooperate with th_em lesshe t ertheless’ some actions cannot be explained only on th'e basi
future and it will be Igss probable fgr thgm tofind a mate). of sensory input and from knowledge of the environmental
To have an even h_|gher level rafuonallty (Lgvel 2) we r":“dearameters. Psychological explanations can be highly-plau
to involve the p055|b|I|_ty of abducively se_lectlng amorig d sible when the goal of the action is immediately perceptible
fertinF hgpﬁthgses. th'.Ch dm?ke the.;)r?anlslmstable to pg_?;ongr when the distal environment contains immediately percep
ce; ﬁm ?h awors.ba tl?h Od Ctapatc'hy 356 edctarl?or:lg € tible instrumental properties. This is obvious and evident
ent hypotheses about the data at hand, and 1o benave Corge, 56 of human beings’ abilities, but something simitar o
spondingly. This d'“efe”t_ kind of ra_tlonal behawo_r, ISH€ ~ curs in some chimpanzees’ behavior too. When chimpanzees
ther merely related to instincts nor simply and rudimeiyari clearly see some bananas they want to reach and eat, and
flexible, like in the two previous cases. '

To make the hypothesis regarding the existence of this ©From the perspective of distributed cognition | also stitbss

last form of rationality plausible, two epistemologicakpr abduction is essentiallyjultimodal in that both data and hypothe-
o . . ses can have a full range of verbal and sensory represergaiic
conditions have to be fulfilled. The first is related to the\,oh,ing words, sights, images, smells, etc., but also ket —
- related to the ability to sense the position and location auieh-
51 have fully described the role of epistemic mediators iresei  tation and movement of the body and its parts — and motor exper
tific reasoning in chapter one of my book (Magnani, 2009), ahd ences and other feelings such as pain, and thus all sensolalitres
moral mediators in ethics in (Magnani, 2007b). (Magnani, 2009, chapter four).
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some boxes available on the scene, they have to form an in-  Artifactual Mediators and L anguageless

ternal instrumental belief/representation on how to eixfhe Pseudological Thinking
boxes. This “pseudobelief” is internal because it is not Bam . . .
diately graspable through mere perceptual content: Animal Artifactual Mediators

Even if the animal construction of externaitifactual me-
Any psychological explanation will always have an in-  diators is sometimes related to instinct, it can also be the
strumental content, but the component needs not take the fruit of plastic cognitive abilities strictly related toameed
form of an instrumental belief. [...] instrumental be- to improve actions and decisiofsIn this case action oc-
liefs really only enter the picture when two conditions  curs through the expert delegation of cognitive roles to ex-
are met. The first is that the goal of the action should ternal tools, like in the case of chimpanzees in the wildt tha
not be immediately perceptible and the second is that construct wands for dipping into ant swarms or termite nests
there should be no immediately perceptible instrumental These wands are not innate but highly specialized toolsy The
properties (that is to say, the creature should be capable are not merely the fruit of conditioning or trial and erroppr
of seeing that a certain course of action will lead to a de- cesses as is clearly demonstrated by the fact they depend on
sired result). The fact, however, that one or both of these hole size and they are often built in advance and away from
conditions is not met does not entail that we are dealing the site where they will be used.
with an action that is explicable in non-psychological The construction of handaxes by the hominids had similar
terms (Bermdez, 2003, p. 129). features. It involved paleocognitive model-based and prani
ulative endowments such as fleeting consciousness, private
The outcomes are represented, but these “pseudoreprgpeech, imposition of symmetry, understanding fracture dy
sentations” lack in lower kinds of rationality. The follow- namiCS, ab|||ty to p|an ahead’ and a h|gh degree of sensori-
ing example is striking. A food source was taken awaymotor control. They represent one of the main aspects of the
from chicken at twice the rate they walked toward it butpjrth of material cultureand technical intelligence and are at
advanced toward them at twice the rate they walked awayhe root of what it has been called the process of a “disem-
from it: after 100 trials, this did not affect the creatures’ hodiment of mind” (Magnani, 2006; Mithen, 1996).
behavior which failed to represent the two contingencies From this perspective the construction of artifacts is an
((Hershberger, 1986) quoted in (Bermidez, 2003, p. 125))5ctualization” in the external environment of various égp
Chicken, which do not retreat from a certain kind of actionof gpjects and structures endowed with a cognitive/semioti
faced with the fact that a repeated contingency no longeyajye for the individual of for the group. Nonlinguistic be-
holds, are not endowed with this high level “pseudorepresenngs already externalize signs like alarm calls for indigt
tational” kind of abductive rationality. predators and multiple cues to identify the location of the
The Widespread diffusion of abductive Cognition is a|SOfood caches, which obey the need to S|mp||fy the environ-
confirmed by research into the cognitive basis of scienck deament and which of course need suitable spatial memory and
ing with the potential rational behavior of certain early-ho representations (Shettleworth, 2002; Balda & Kamil, 2002)
minids. (Carruthers, 2002, p. 78) contests the discontyinui However, animals also externalize complicated artifaikes |

view supporting the idea according to which the human mindn, the case of Darwin’s earthworms (Crist, 2062).
needs to be radically reprogrammed by immersion in an ap-

propriate language-community and culture to acquire cogni “Also plants exhibit interesting plastic changes. In reseuich

: : : . productive habitats where the activities of the plants &yate” vari-
tive processes (and “in order for anything resembling sien ous resources above and below ground that strongly modifgriki-

to become possible”). The evolutionary successful, and “SOronment, plants themselves exhibit various kinds of, dedamor-
cial’, art of tracking in hunter-gatherer communities wabul phological plasticity — that is, the replacement of exigtifssues

; Satiom i - Grime & Mackey, 2002, p. 300). It is important to note thaaml
have helped them to develop imagination — linguistic an lasticity is particularly advantageous when responsesasersible

model-based — and thus, hypothetical cognition (abdu)ctiverather_ than irreversible (Alpert & Simms, 2002). On plankep
—endowed with a kind of explanatory, causal, and instrumenrotypic plasticity, like their reaction to appropriate #owmental

P ues, see also (Godfrey-Smith, 2002); on plants capacityiiol
tal/predictive power. It would have come about because Ogomplicated niches (plasticity in dispersal, floweringitigy and

its capacity to detect the behavior of animals through the fe germination timing) cf. (Donohue, 2005). On animals actiact.
signs available, to reach the best explanation. This ctioten also the articles by James L. Gould (Gould, 2007) and Jean Man

“ ler (Mandler, 2007) contained in the recent (Margolis & temce,
offers Carruthers the chance to state that *[....] anyone ha\}21007); the book also illustrates other interesting psyafjiokl, neu-

ing a capacity for sophisticated tracking will also havelthe  rological, evolutionary, and philosophical issues coniry artifacts
sic cognitive wherewithal to engage in science” (Carruigher In gseneral. S _ _
2002, 83). The only difference lies in aims and beliefs, and 0, Among scientists it is of course Darwin (Darwin, 1985) who

. . first clearly captured the idea of an “inner life” (the “wonfipercep-
course in the fact that the development of science needed Sufign» included) in some humble earthworms (Crist, 2002).iAdof

able props and aids, such as instruments, the printing pressental life can be hypothesized in many organisms: Darwinteg
and a collective exchange of ideas. The human beings thato learn how far the worms acted consciously and how much-men

. . o tal power they displayed” (Darwin, 1985, p. 3). He found lewef
created science would not have needed major cognitive réging " where it was not presumed to exist. It can be said thit t

programming. new idea, which bridges the gap between humans and otheaksnim
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These activities of cognitive delegation to external arti-to the capacity to discriminate causal links from mere non-
facts is the fruit of expert behaviors that conform to innatecausal generalizations or accidental conjunctihs.
or learnt embodied templates of cognitive doing. In some Itis interesting to note in prelinguistic organisms the ake
sense they are analogous to the templates of epistemic doitgth logical and fallacious types of reasoning. For example
| have described in chapter one, which explain how scienthe widespread use of “hasty generalization” shows that poo
tists, through appropriate actions and by building art§ac generalizations must not only be considered — in the pefspec
elaborate for example a simplification of the reasoning taskive of a Millian abstract universal standard — as a bad kind o
and a redistribution of effort across time. For example, Pi-induction. Even if hasty generalizations are considereatl ba
aget says, they “[...] need to manipulate concrete things irand fallacious in the light of epistemological ideals, tlaeg
order to understand structures which are otherwise too alsften strategic to the adaptation of the organism to a specifi
stract” (Piaget, 1974) also to enhance the social communiiche (Woods, 2004; Magnani, 2007a).
cation of results. Some templates of action and manipula- ]
tion, which are implicit and embodied, can selectedrom Conclusion

the set of the ones available and pre-stored, others have to In this paper, beyond the idea of rationality in animals and
createdfor the first time to perform the most interesting cre- infants as being related to tropistic behaviors connectee-t
ative cognitive accomplishments of manipulative cognitio flexes and inborn skills such as imprinting or classical éond
Manipulative “thinking through doing” is creative in parti  tjoning, | have stressed the role of intermediary interegkr
ularly skilled animals, exactly like in the case of human be-resentations. In this last case | have guessed that a rkitiena
ings, when for example chimpanzees make a “new” kind ofe|ligence closer to the one expressed in human cognitiah, a
wand for the first time. Later on the new behavior can possg related to higher levels of abductive behavior, is opreyat
sibly be imitated by the group and so can become a shareglie fundamentally deal with behaviors that show the capac-
“established” way of building artifacts. Indeed chimpagze ity to choose among different outcomes, and which can only
often learn about the dynamic of objects from observing thenpe accounted for by hypothesizing learnt intermediateerepr
manipulated by other fellows: a process that enhanceslsocigentations and processes. The main concern was that model-
formation and transmission of cognition. based abductive cognition represents a significant umgjfyin

. C cognitive perspective able to unveil some basic features of
Pseudological Thinking abductive?:ogr?ition in non-human animals. | have illustdat
Among the various ways of model-based cognition — still re-that a considerable part of this semiotic activity is a counti
lated to the problem of animal rationality — present in non-oys process of “hypothesis generation” that can be seee at th
linguistic organisms, some can be equated to well-known inteye| of both instinctual behavior and representatiomted
ferential functional schemes which logic has suitably fe@m pehavior, where nonlinguistic pseudothoughts drive as{pla
inside abstract and ideal systems. There are forms of pse¢ic” model-based cognitive role. From this perspectiveref
dological uses of negation (for example dealing with presya to the central role of the externalization of artifa¢tattact
ence/absence, when mammals are able to discern thatz@ mediators in animal languageless cognition also becomes
thing cannot have simultaneously two contrary properties)epistemologically critical to the problem of multimodalisf

of modus ponenandmodus tollengof course both related to  gpduction. An open question — still related to the problem
the presence of a pseudonegation), and of conditionals (chf rationality — | have not addressed in this paper is related
(Bermudez, 2003, chapter seven)). Of course, these wayg the problem of how nonlinguistic creatures could possess
of reasoning are not truth preserving operations on “proposecond-order thoughts on thoughts (and so the more or less
sitions” and so they are not based on logical forms, but it cafational capacity to attribute thoughts to others) and first

be hypothesized that they are very efficient at the nonlsgui and second-order — desires (that is desires when one should
tic level, even if they obviously lack an explicit referertce  have a specific first-order desire).

logical concepts and schem&sThey are plausibly all con-
nected with innate abilities to detect regularities in thiee References

nal niche. In addition, forms of causal thinking are obsdrve Alpert, P., & Simms, E. L. (2002). The relative advantages
of course endowed with an obvious survival value, related of plasticity and fixity in different environments: when is

in some sense furnishes a partial scientific support to tietpmys- it good for a plant to adjust?Evolutionary Ecology16,
ical synechism claimed by Peirce contending that mattemaindl 285-297.

are intertwined and in some sense indistinguishable. Téentelis-

covery of the cognitive roles (basically in the case of |gzgrand OHuman prelinguistic infants show surprise in front of seene

memory) played by spinal cord further supports this committhat  when “action-at-a-distance” is displayed (it seems theyelip a
mind is extended and distributed and that it can also be —sayte-  pseudothought that objects can only interact causallyutifrgphys-
“brainless” (Grau, 2002). ical contact) (Spelke, 1990). Some fMRI experiments on ¢ppf
90n the formation of idealized logical schemes in the intypl tual” causality are described in (Fugelsang, Roser, Clisb&az-
between internal and external representations cf. (Magg@n7a) zaniga, & Dunbar, 2005): specific brain structures resuttlved in
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