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Abstract

The recent epistemological and cognitive studies concentrate

on the concept ofibduction as a means to originate and re-
fine new ideas. Traditional cognitive science and computa-
tional accounts concerning abduction aim to illustrate discov-
ery and creativity processes in termgfeoreticaland “inter-

nal” aspects, by means of computational simulations and/or
abstract cognitive models. We will illustrate in this paper
that some typical internal abductive processes are involved in
chance discovergand production(for example through rad-
ical innovations). Nevertheless, especially concrete manip-
ulations of the external world constitute a fundamental pas-
sage in chance discovery: by a processnafnipulative ab-
ductionit is possible to build prosthesespistemic media-
tors) for human minds, by interacting with external objects
and representations in a constructive way. In this manner it
is possible to creatienplicit knowledge through doing and to
produce various opportunity to find, for example, anomalies
and fruitful new risky perspectives. This kind of embodied

and unexpressed knowledge holds a key role in the subse-
quent processes of scientific comprehension and discovery.

The paper describes some of the “templates” of manipula-
tive behavior which account for the most common cognitive

and epistemic acting related to chance discovery and chance

production. The last part of the paper is devoted to illustrate
chance discovery from the perspective of dynamical systems.
Chance discovery and production can be viewed as a kind of
event related to the transformations of titeractorsrespon-
sible of the cognitive system performances.

Theoretical and Manipulative Reasoning

Science is one of the most explicitly constructed, abstract
In the twenti-
eth century Kuhnian ideas about irrationality of conceptual

and creative forms of human knowledge.

change and paradigm shif?)( brought philosophers of sci-
ence to distinguish betweerl@gic of discoveryand alogic

of justification and to the direct conclusion that a logic of

discovery, and then eational model of discovery, cannot
exist.
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is possible to account for the introduction of new explana-
tory hypotheses in science.

Abduction is the process dafiferring certain facts and/or
laws and hypotheses that render some sentences plausible,
thatexplainor discoversome (eventually new) phenomenon
or observation; it is the process of reasoning in which ex-
planatory hypotheses are formed and evaluated. There are
two main epistemological meanings of the word abduction
(?): 1) abduction that only generates “plausible” hypothe-
ses (“selective” or “creative”) and 2) abduction considered
as inference “to the best explanation”, which also evaluates
hypotheses. To illustrate from the field of medical knowl-
edge, the discovery of a new disease and the manifestations
it causes can be considered as the result of a creative abduc-
tive inference. Therefore, “creative” abduction deals with
the whole field of the growth of scientific knowledge. This
is irrelevant in medical diagnosis where instead the task is to
“select” from an encyclopedia of pre-stored diagnostic enti-
ties.

Theoretical abductiohcertainly illustrates much of what
is important in creative abductive reasoning, in humans and
in computational programs, but fails to account for many
cases of explanations occurring in science when the ex-
ploitation of environment is crucial. It fails to account for
those cases in which there is a kind of “discovering through
doing”, cases in which new and still unexpressed informa-
tion is codified by means of manipulations of some external
objects épistemic mediatojs The concept omanipulative
abductiort captures a large part of scientists thinking where
the role of action is central, and where the features of this ac-
tion are implicit and hard to be elicited: action can provide

' otherwise unavailable information that enables the agent to

solve problems by starting and by performing a suitable ab-
ductive process of generation or selection of hypotheses.
Many attempts have been made to model abduction by
developing some formal tools in order to illustrate its com-
putational properties and the relationships with the different

Magnani @, ?) introduces the concept of theoretical abduc-

Today researchers have by and large abandoned this atti-tion. He maintains that there are two kinds of theoretical abduction,

tude by concentrating on the conceptatifductionpointed

“sentential”, related to logic and to verbal/symbolic inferences, and

out by C.S. Peirce as a fundamental mechanism by which it “model-based”, related to the exploitation of internalized models of
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diagrams, pictures, etc., cf. below in this paper.
2Manipulative abduction and epistemic mediators are intro-
duced and illustrated ir?.



forms of deductive reasonin@)( Some of the formal mod- Finding inconsistencies by radical innovation

els of abductive reasoning are based on the theory of the |t is well-known that the derivation of inconsistencies con-
epistemic statef an agent ?), where the epistemic state  triputes to the search for alternative, and possibly new, hy-
of an individual is modeled as a consistent set of beliefs potheses® ?).
that can change by expansion and contractiueli¢f revi- Surely surprise and curiosity are related to the detection
sion framework These kinds of logical models are called  of inconsistencies® chapter 6).Internal model-based ab-
sentential ). ductive ways of generating a hypothesis that explains some
They exclusively deal with selective abduction (diagnos- phenomenon or conceptual problem that produced the ques-
tic reasoning) and relate to the idea of preservingnsis- tion are heuristically linked to the activity itself both firfid-
tency Exclusively considering the sentential view of abduc- ing that certain puzzling phenomenon or that particular con-
tion does not enable us to say much about creative processesceptual problem or ogliciting that certain “hidden” phe-
in science, and, therefore, about the nomological and most nomenon or conceptual problem. Hence, they are related
interesting creative aspects of abduction. It mainly refers to to the activity of finding and producing chance. We will see
the selective(diagnostic) and merelgxplanatoryaspects of  (cf. section “Extracting chance through manipulative abduc-
reasoning and to the idea that abduction is mainly an infer- tion”) that also from the perspective of a kind of reasoning
enceto the best explanatiof?). we can callexternal(i.e. manipulative) typical templates of
epistemic acting are still devoted to generate inconsistencies
Change and Chance and curiosities as newendsto reach - abduce - new hy-
potheses.

The internal side of abductive reasoning In Against MethodFeyerabend?) attributes a great im-

If we want to provide a suitable framework for analyzing Portance to the role of contradiction. He establishes a “coun-
the most interesting cases of conceptual changes in scienceterrule” whichis the opposite of the neoposititivistic one that
we do not have to limit ourselves to tlsententialview of it is “experience”, or “experimental results” which measures
theoretical abduction but we have to consider a broader the success of our theories, a rule that constitutes an impor-

ferential one: themodel-basedides of creative abduction  tant part of all theories of corroboration and confirmation.
(cf. below). The counterrule “[...] advises us to introduce and elaborate

From the Peirce’s philosophical point of view, all think- hypotheses which are inconsistent with well-established the-
ing is in signs, and signs can be icons, indices or symbols. ories and/or well-established facts. It advises us to proceed
Moreover, all inference is a form of sign activity, where the ~counterinductively” (p. 20)Counterinductioris seen more
word sign includes “feeling, image, conception, and other reasongble than |n.duc.t|on,.because appropriate to the ngeds
representation”, 5.283), and, in Kantian words, all syn-  Of creative reasoning in science. We know that counterin-
thetic forms of cognition. That is, a considerable part of duction, thatis the act of introducing, inventing, and gener-
the thinking activity is model-based. Of course model-based 2ting new inconsistencies and anomalies, together with new
reasoning acquires its peculiar creative relevance when em- PoINnts of view incommensurable with the old ones, is con-

bedded in abductive processes, so that we can individuate agruous with the aim of inventing “alternatives” (“prolifera-

model-based abduction

Hence, it is in terms ofmodel-based abductiofand not
in terms of sentential abduction) that we have to think to ex-
plain complex processes like scientific conceptual change.
Related to the high-level types of scientific conceptual
change ?) are different varieties ofmodel-based abduc-
tions(?). Following Nersessiar?}, the term “model-based
reasoning” is used to indicate the construction and manip-
ulation of various kinds of representations, not mainly sen-
tential and/or formal, but mental and/or related to external
mediators.

Mental models ?) perform a kind of internal model-
based reasoning. Other examples of model-based reasonin
are constructing and manipulating visual representations,
thought experiment, analogical reasoning, but also the so-
called “tunnel effect” ®), occurring when models are built
at the intersection of some operational interpretation domain
- with its interpretation capabilities - and a new ill-known
domain.

3As previously indicated, it is important to distinguish between
selective(abduction that merely selects from an encyclopedia of
pre-stored hypotheses), arr@ativeabduction (abduction that gen-
erates new hypotheses).

tion of theories is beneficial for science”), is very important
in all kinds of creative abductive reasoning. Moreover, coun-
terinduction, as the introduction of inconsistencies and con-
flicts, promotes the chance discovery for further epistemic
growth.

We have illustrated above that from the Peirce’s philo-
sophical point of view, all inference is a form of sign activity,
where the word sign includes “feeling, image, conception,
and other representation?,(5.283). That is, a considerable
part of the inference activity is model-based. Hence, many
model-based ways of reasoning are performed in a manipu-
lative way by using external tools and mediators (cf. the fol-

gilcawing section).Manipulative abductior{?) happens when

e are thinking through doing and not only, in a pragmatic
sense, about doing. So the idea of manipulative abduction
goes beyond the well-known role of experiments as capable
of forming new scientific laws by means of the results (the
nature’s answers to the investigator’s question) they present,
or of merely playing a predictive role (in confirmation and
in falsification). Manipulative abduction refers to an extra-
theoretical behavior that aims at creating communicable ac-
counts of new experiences to integrate them into previously
existing systems of experimental and linguistic (theoretical)
practices. The existence of this kind of extra-theoretical cog-



nitive behavior is also testified by the many everyday situa-
tions in which humans are perfectly able to perform very
efficacious (and habitual) tasks without the immediate pos-
sibility of realizing their conceptual explanation.

In the following section manipulative abduction will be
considered from the perspective of the relationship between

analysis of scientific chang&)(and @) has carefully shown.
Traditional examinations of how problem-solving heuris-
tics create new representations in science have analyzed the
frequent use of analogical reasoning, imagistic reasoning,
and thought experiment from an internal point of view.
However attention has not been focalized on those partic-

unexpressed knowledge and external representations. Theular kinds of heuristics, that resort to the existencexifa-

power of model-based reasoning and abduction (both theo-

retical and manipulative) mainly depends on their ability to
extract and render explicit a certain amount of important in-
formation, unexpressed at the level of available data. They
have a fundamental role in the process of transformation of
knowledge from itgacit to its explicitforms, and in the sub-
sequent knowledge elicitation and use. It is in this process
that chance discovery, promotion, and production is central.
Let us describe how this happens in the case of “external”
model-based processes.

Extracting Chance through Manipulative
Abduction

Chance and unexpressed knowledge

As pointed out by Polanyi in his epistemological investiga-
tion, a large part of knowledge is not explicit, but tacit: we
know more than we can tell and we can know nothing with-
out relying upon those things which we may not be able to
tell (7).

As Polanyi contends, human beings acquire and use
knowledge by actively creating and organizing their own ex-
perience: tacit knowledge is the practical knowledge used to
perform a task. The existence of this kind of not merely
theoretical knowing behavior is also testified by the many
everyday situations in which humans are perfectly able to
perform very efficacious (and habitual) tasks without the im-
mediate possibility of realizing their conceptual explanation:
they are not “theoreticallyaware of their capabilities. In

theoreticalways of thinking thinking through doing cf.

(?)). Indeed many cognitive processes are centeredxen
ternal representationsas a means to create communicable
accounts of new experiences ready to be integrated into pre-
viously existing systems of experimental and linguistic (the-
oretical) practices.

For example, in the simple case of the construction and
examination of diagrams in elementary geometrical reason-
ing, specific experiments serve as states and the implied op-
erators are the manipulations and observations that trans-
form one state into another. The geometrical outcome is
dependent upon practices and specific sensory-motor activ-
ities performed on a non-symbolic object, which acts as a
dedicated external representational medium supporting the
various operators at work. There is a kind of an epistemic
negotiation between the sensory framework of the problem
solver and the external reality of the diagraP. (it is well-
known that in the history of geometry many researchers used
internal mental imagery and mental representations of dia-
grams, but also self-generated diagrams (external) to help
their thinking.

This process involves an external representation consist-
ing of written symbols and figures that for example are ma-
nipulated “by hand”. The cognitive system is not merely the
mind-brain of the person performing the geometrical task,
but the system consisting of the whole body (cognition is
embodiedl of the person plus the external physical represen-
tation. In geometrical discovery the whole activity of cogni-
tion is located in the system consisting of a human together

some cases the conceptual account for doing these thingswith diagrams.

was at one point present in the memory, but now has dete-

An external representation can modify the kind of com-

riorated, and it is necessary to reprOduce |t, in other cases putation that a human agent uses to reason about a prob-

the account has to be constructed for the first time, like in
creative experimental settings in science.

Hutchins @) illustrates the case of a navigation instructor
that for 3 years performed an automatized task involving a
complicated set of plotting manipulations and procedures.

lem: the Roman numeration system eliminates, by means of
the external signs, some of the hardest parts of the addition,
whereas the Arabic system does the same in the case of the
difficult computations in multiplication. The capacity for in-
ner reasoning and thought results from the internalization of

The InSIth concerning the Conceptual relationships between the Origina”y external forms of representati(ﬂ)‘(

relative and geographic motion came to him suddenly “as
lay in his bunk one night”.

We can find a similar situation also in the process of sci-
entific creativity. Too often, in the cognitive view of science,

The external representations are not merely memory aids:
they can give people access to knowledge and skills that are
unavailable to internal representations, help researchers to
easily identify aspects and to make further inferences, they

a theoreticaland “internal” replacement of the main con-

that some actions are allowed and other forbidden. They

cepts. But usually researchers forget that a large part of this jhcrease the chance discoverability. The mind is limited be-

processes are instead dugtactical and “external’manip-
ulationsof some kind, prerequisite to the subsequent work
of theoretical arrangement and knowledge creation. When

these processes are creative we can speak of manipulative;,

abduction (cf. above).
Scientists need a first “rough” and concrete experience of
the world to develop their systems, asagnitive-historical

cause of the restricted range of information processing, the

“The empirical “in vivo” recent research by Dunba?),(
many molecular biology and immunology laboratory in US,
Canada and Italy, has demonstrated the central role of the unex-
pected in creative abductive reasoning. “Scientists expect the un-
expected”.



limited power of working memory and attention, the lim-  properties, common aim of manipulations is to practically
ited speed of some learning and reasoning operations; on thereorder the dynamic sequence of events into a static spatial
other hand the environment is intricate, because of the huge one that should promote a subsequent bird’s-eye view (nar-

amount of data, real time requirement, uncertainty factors.

The extra-theoretical dimension of chance

discovery: templates of epistemic acting and
epistemic mediators

We have introduced above the notion tatit knowledge
Now we propose an extension of that concept. There is
something more important beyond the tacit knowledge “in-
ternal” to the subject - considered by Polanyi as personal,

rative or visual-diagrammatic), fruitful for further outcomes;
3. referral to experimental manipulations that exphoii-
ficial apparatusto free new possible stable and repeatable
sources of information about hidden knowledge and con-
straints (Davy set-up in term of an artifactual tower of nee-
dles showed that magnetization was related to orientation
and does not require physical contact); 4. various contingent
ways of epistemic actingtooking from different perspec-
tives, checkingthe different information availableompar-

embodied and context specific. We can also speak of a sort ing subsequent eventshoosing discarding imaging fur-

of tacit information “embodied” into the whole relationship
between our mind-body system and suitable external rep-
resentations. An information we can extract, explicitly de-
velop, and transform in knowledge contents, to solve prob-
lems.

Peirce gives an interesting example of model-based ab-
duction related to sense activity: “A man can distinguish dif-
ferent textures of cloth by feeling: but not immediately, for
he requires to move fingers over the cloth, which shows that

ther manipulationste-orderingand changing relationships
in the world by implicitlyevaluatingthe usefulness of a new
order (for instance, to help memory).

Gooding @) refers to this kind of concrete manipulative
reasoning when he illustrates the role in science of the so-
called “construals” that embody tacit inferences in proce-
dures that are often apparatus and machine based. The em-
bodiment is of course an expert manipulation of objects in
a highly constrained experimental environment, and is di-

he is obliged to compare sensations of one instant with those rected by abductive movements that imply the strategic ap-

of another” ¢, 5.221). This surely suggests that abductive

plication of old and newemplatef behavior mainly con-

movements have also interesting extra-theoretical charactersnected with extra-theoretical components, for instance emo-

and that there is a role in abductive reasoning for various
kinds of manipulations of external objectall knowing is
inferring and inferring is not instantaneous, it happens in
a process that needs an activity of comparisons involving
many kinds of models in a more or less considerable lapse
of time. All these considerations suggest, then, that there
exist a creative form of thinking through doing, fundamen-
tal as much as the theoretical ormeanipulative abduction
(see @) and (?)). As already saidnanipulativeabduction
happens when we are thinkitigroughdoing and not only,
in a pragmatic sense, about doing.

Various templates of manipulative behavior exhibit some
regularities. The activity of manipulating external things
and representations is highly conjectural and not immedi-

tional, esthetical, ethical, and economic.

The whole activity of manipulation is devoted to build-
ing various externaépistemic mediatorghat function as an
enormous new source of information and knowledge. There-
fore, manipulative abduction represents a kind of redistribu-
tion of the epistemic and cognitive effort to manage objects
and information that cannot be immediately represented or
found internally (for example exploiting the resources of vi-
sual imagery}.

From the point of view of everyday situations manipu-
lative abductive reasoning and epistemic mediators exhibit
very interesting features: 1. action elaboratesnaplifica-
tion of the reasoning task and a redistribution of effort across
time (?), when we need to manipulate concrete things in or-

ately explanatory: these templates are hypotheses of behav-der to understand structures which are otherwise too abstract

ior (creative or already cognitively present in the scientist’s

mind-body system, and sometimes already applied) that ab-

ductively enable a kind of epistemic “doing”. Hence, some

(?), or when we are in presence @dundantand unman-
ageable information; 2. action can be useful in presence of
incompleteor inconsistentinformation - not only from the

templates of action and manipulation can be selected in the “perceptual” point of view - or of a diminished capacity to

set of the ones available and pre-stored, others have to beact upon the world: it is used to get more data to restore
created for the first time to perform the most interesting cre- coherence and to improve deficient knowledge; 3. action
ative cognitive accomplishments of manipulative abduction. enables us to buildxternal artifactual modelsf task mech-

Some common features of the tacit templates of manip- anisms instead of the corresponding internal ones, that are
ulative abduction, that enable us to manipulate things and adequate to adapt the environment to agent's needs. 4. ac-
experiments in science are related to: 1. sensibility to the as- tion as acontrol of sense dat#lustrates how we can change
pects of the phenomenon which can be regardexliasus the position of our body (and/or of the external objects) and
or anomalous manipulations have to be able to introduce how to exploit various kinds of prostheses (Galileo’s tele-
potential inconsistencies in the received knowledge and so to scope, technological instruments and interfaces) to get var-
open new possible reasoning opportunities (Oersted’s report ious new kinds of stimulation: action provides some tactile
of his well-known experiment about electromagnetism is de- and visual information (e.g., in surgery), otherwise unavail-
voted to find describe some anomalous aspects that did not

depend on any patrticular theory of the nature of electricity
and magnetism); 2. preliminary sensibility to tthenamical

SIt is difficult to preserve precise spatial and geometrical re-
lationships using mental imagery, in many situations, especially

character of the phenomenon, and not to entities and their when one set of them has to be moved relative to another.



able. Also natural phenomena can play the role of exter-  The role of an “optical microscope” that shows the be-
nal artifactual models: under Micronesians’ manipulations havior of a tangent line is illuminating. In standard analysis,
of their images, the stars acquire a structure that “becomes the changely in y along the tangent line is only an approx-
one of the most important structured representational media imation of the changé\y in y along the curve. But through
of the Micronesian system™( p. 172). The external ar-  an optical microscope, that shows infinitesimal details, we
tifactual models are endowed with functional properties as can see thafy = Ay and then the quotiemhy/Ax is the
components of a memory system crossing the boundary be- same ofly/dxz whendz = Az is infinitesimal (see Figure 1
tween person and environment (for example they are able and, for details,¥)). This removes some difficulties of the
to transform the tasks involved in allowing simple manip- representation of the tangent line as limit of secants, and in-
ulations that promote further visual inferences at the level troduces a more intuitive conceptualization: the tangent line
of model-based abduction). The cognitive procesdiss “merges” with the curve in an infinitesimal neighborhood of
tributed between a person (or a group of people) and exter- the contact point.
nal representation(s), and so obviousipbeddedndsitu-
atedin a society and in a historical cultufe. _

Figure 1: An optical diagram shows an infinitesimal neighbor-
Mirroring hidden properties through optical hood of the graph of a real function.
diagrams
An interesting epistemological situation we have recently
studied is the one concerning the chance discovery role  Only through a second more powerful optical microscope
played by some special epistemic mediators in the field of “within” the first (we calls this kind of epistemic mediators
non-standard analysis, an “alternative calculus” invented by microscopes within microscopesve can see the difference
Abraham Robinson?), based on infinitesimal numbers in  between the tangent line and the curve. Under the first dia-
the spirit of Leibniz method. It is a kind of calculus that uses gram, the curve looks like the graph of
an extension of the real numbers syst@ro the systenR* ,
containing infinitesimals smaller in the absolute value than fla)z,
any positive real number. We maintain that in mathematics j ¢ ' 3 straight line with the same slope of its tangent fine;
diagrams play various roles in a typical abductive way. TWo nder the second, the curve looks like
of them are central:

e they provide an intuitive and mathematicatplanation f'(a)z — lf”(a),
able to help the understanding of concepts difficult to 2
grasp, that appear hidden, obscure, and/or epistemolog-  This suggests nice new mental representations of the con-
ically unjustified, or that areot expressiblérom an intu- cept of tangent line: through the optical lens, the tangent
itive point of view; line can be seen as the curve, but through a more powerful
e they helpcreatenew previously unknown concepts. optical lens the graph of the function and the graph of the

In the construction of mathematical concepts many exter- tangentare distinct, straight, and parallel lines. The fact that
one line is either below or above the other, depends on the

nal representations are exploited, both in terms of diagrams ™ e ; X
and of symbols. We are interested in our research in dia- S0 of f(a), in accordance with the standard real theory:
grams which play anpticalrole — microscopes (that look at  If /() is positive (or r;]egatlvea '?1 a nelghbci_rhoqdbtr;ﬁn
the infinitesimally small details), telescopes (that look at in- Is convex (or concave) here and the tangent line is below (or

finity), windows (that look at a particular situation)irarror above) the grr?_ph of Flhe function. histicateidd
role (to externalize rough mental models), anclameiling However, this easily mirrors a sophisticateddenprop-

role (to help create new and interesting mathematical con- erty. Letf b? atwo times d/i/fferentiable function and tet
cepts, theories, and structurds). be a flex point of it. Thenf”(a) = 0 and so the second

microscope shows again the curve as the same straight line:
®Magnani @, chapter 6) stresses the importance of the so-called this means that the curve is “very straight” in its flex point

preinventive forms in abductive reasoning. Intuitively an anomaly 4. Of course, we already know this property — the curvature

is something surprising, as Peirce already knew “The breaking of in a flex point of a differentiable two times function is null

a belief can only be due to some novel experien@&(524) or  _ \hich comes from standard analysis, but through optical

[...] until we find ourse!ves confronted with some experience diagrams we can find it immediately and more easily (the

contrary to those expectation#,(7.36). Therefore it is not strange standard concept of curvature is not immediate)

that something anomalous can be found in those kinds of structures S di d al | i | id
the cognitive psychologists calfeinventive Cognitive psycholo- ome diagrams could aiso play an unveiling role, provid-

gists have described many kinds of preinventive structures (typi- N9 New light on mathematical structures: it can be hypothe-
cally unstable and incomplete - on structural stability cf. below Sized that these diagrams can lead to further interesting cre-
section “Chance morphodynamics”) and their desirable properties, ative results.
that constitute particularly interesting ways of “irritating” the mind We stated that in mathematics diagrams play various roles
and stimulating creativity?): they are certainly of interest for in a typical abductive way. We can add that:
change discovery and production.

"The epistemic and cognitive role of mirror and unveiling dia-  (?).
grams in the discovery of non-Euclidean geometry is illustrated in 8This is mathematically justified ir?}.



o they areepistemic mediatorable to perform various ab-
ductive tasks in so far as

¢ they areexternal representationshich provide explana-
tory and abductive results also fruitful in some aspects of
chance production.

Chance Morphodynamics

We have seen that the “bodily” manipulation of external ob-
jects is central to delineating new conceptual perspectives
and solutions (cf. the previous section concerning the fea-
tures of the tacit templates of manipulative abduction and
external epistemic mediators). Hence, intentional “ac-
tion” in the world is able to add prosthesigdo the mind, by
expanding its possibilities and by suggesting new informa-
tion worth to be analyzed.

Traditional cognitive science accounts refer to toen-
putational perspective, that describes cognition as the op-
eration of a special mental “computer” that computes dif-
ferent internal symbolic representations. This approach is
considered too reductive, since it is based on the functional-
ist hypothesis (which cannot render tlxeternal dimension
of cognition), and on a computation of static entities.

Interesting insights on the problem of hypotheses gener-
ation and chance production and discovery, in termdyef
namicalevolution of complex systems, come from a differ-
ent contrasting approach: the dynamical approach to cogni-
tive science. We can use the mathematical tools of dynami-
cal systems to study cognition by thinking to a cognitive sys-
tem not just as a computer, but as a dynamical system, con-
sisting of mind, body, and external environment, mutually
and simultaneously influencing and coevolving. This also
justifies the pragmatic and “embodied” aspects of cognition.
This kind of cognitive modeling is able to describe abduc-
tive processes asmbeddedlynamical entities “unfolding”
in time. Hence, by means of the tools provided by a dynam-
ical modeling it is possible to underline the importance of
manipulative skills in scientific cognitior?y.

A dynamical system can be considered a set of quantita-
tive variables that changes continually and concurrently in
time in accordance with dynamical laws described by some
set of equations. It is thstateof the system that changes:
that is, the overall look of the system in a certain instant. We
can study the behavior of the system by analyzing the change
in its states. If a system can be described dynamically, this
means it has characteristics (e.g. position, mass, etc. -

Figure 2: An intuitive visual model of the idea underlying the
concept of attractor. Think of a marble rolling on a plane as far
as it falls in a hollow like that in the picture. The marble will ro-
tate inside it; then it will reach the resting position, at the bottom.
Attractor is the stationary point corresponding to that position.

system can be understoggometricallyby a trajectory of
points in a space, that is, describable in terms of positions
and change of positions in a space of possible overall states,
it is the central insight of dynamical systems theory. We can
then describe the system in termsatifactors stability, and
catastrophesfeatures largely invisible from a classical per-
spective, but fundamental to describe some cognitive pro-
cesses underlying abduction.

We speak abouthance morphodynamieghen consider-
ing chance discovery and production in the light of the “geo-
metrical” framework above. The main idea is that a complex
system, as the cognitive one, can be described in terms of a
configurational structure. That is, different mental states are
defined by their geometrical relationships within a larger dy-
namical environment. This suggests that the system, in any
given instant, possesses a genaratphologywe can study
by observing how it changes and develops. The teron-
phodynamicsefers to those theories whose aim is to explain
morphologies and iconic, schematic, Gestalt-like aspects of
structures, whatever their underlying physical substrate may
be, using the mathematical theory of dynamical systéts (

To set the morphology of the system it is interesting to
identify mental states withttractors Some dynamical sys-
tems are so complex, behaving non-linearly and erratically,
jumping from a point in the space of their states to another
very different in a brief time (as the states of the atmo-
sphere). However, notwithstanding these sudden changes, a
dynamical system has a series of states, the attractors, which
tend to remain stable (Figure 2). A system can have a lot
of attractors, contemplating more than a single stable state,
arranged in some topological way.

The arrangement of attractors can be thought as controlled
by the setting of the parameters in the equations that govern
the system’s dynamics. The shape and location of attractors
change as these parameters vary. There could be certain crit-
ical settings of parameters where complgtalitative dis-
continuities and transformations in the arrangement of at-
tractors occur (they can move, disappear or emerge). These

in the case of classical physical systems) evolving simulta- giscontinuities are responsible for the evolution of mental
neously in time. These characteristics can be measured, in processes.

any given instant, and associated to a real number. There-
fore, the overall state of the system can be thought as an
ordered set consisting afreal numbers, and the state space
can be thought as isomorphic to a space of real numbers,
the n dimensions of which correspond to the different sys-
tem characteristics (thghase spage The evolution of the
system in time corresponds to a sequence of pointsg-a

jectory, inside the phase space. This sequence can usually

be described mathematically as a function of time, consid-
ered an independent variable, giving a solution to the system
of differential equations. The idea that the behavior of the

The concept of attractor, together with the interesting con-
cepts ofadumbrationandanticipation studied in the philo-
sophical tradition of phenomenoloyfsee below), can offer
interesting insights to understand how external representa-
tions and action support the “mind” in discovering and un-
veiling new chances?.

Imagine the overall state space of the cognitive system as

%The so-callednaturalized phenomenologgims to support
phenomenology with scientific explanations, neurophysiological,
mathematical, physical, etc?)(



a geometrical surface in which possible mental states (repre- finding of adumbrations involves kinesthetic controls, some-
sented by attractors) interact. Like in the case of the intuitive times in turn involving manipulations of objects; but the ac-
representation of the relativistic conception of gravitation, tivity of testing anticipations also implies kinesthetic con-
we can see this surface as a flat horizontal rubber sheet. At- trols and manipulations.

tractor corresponds to thatractive zone in which we can Finally, not all the anticipations are informationally
imagine to place a large sphere. Its weight will stretch the equivalent and work like attractors for privileged individu-
sheet down and distort the system. Therefore, if we imag- ations of objects: they foretell subsequent resnds In

ine the behavior of the cognitive system as a small ball that this sense the whole activity is toward “the best anticipa-
moves inside the rubber sheet, we can easily see how thetion”, the one that can display the object in an optimal way.
structure, the “shape” of the space, affects its motion. The Prototypical adumbrations work like structural-stable sys-
parameters responsible for the behavior of the system deter-tems, in the sense that they can “vary inside some limits”

mine the “weight” of the attractor, then the shape of the sur-
face, (one of the influencing factors is just what here is called
manipulative abduction). This process is assimilable to the
notion of anticipation (see below) developed in Husserl’s
phenomenology.

Chance anticipation

The philosophical tradition of phenomenology fully recog-
nizes the important role of perceptual and kinesthetic data
in the generation of “idealities” and mental constructs. For
example, in phenomenological words, perception is a “struc-
tured” intentionalconstitution of the external objects, estab-
lished by the rule-governed activity of consciousness. The
modality of appearing in perception is already markedly
structured: it is not that of concrete material things imme-
diately given, but it is mediated by sensible schemata con-
stituted in the temporal continual mutationagfumbrations

So at the level of “presentational perception” of pure lived
experiences, only partial aspects (adumbratiokissEhat-
tungen) of the objects are provided. Therefore, a further
activity of unification of the different adumbrations to es-
tablish they belong to a particular and single object (noema)

without altering the apprehension of the object. Like in the
case of selective abduction (see above, section “Theoretical
and manipulative reasoning”), anticipations are able to se-
lect possible paths for constituting objects, actualizing them
among the many that remain completely tacit. Like in the
case of creative abduction, they can construct new ways of
aggregating adumbrations, by delineating the constitution of
new objects/things. In this case they originate interesting
new “attractors” that give rise to new “conceptual” gener-
alizations. Particular manipulative actions favor or inhibit
anticipations and so play the role “opportunities” or “risks”
related to chance discovery.

Let us illustrate a simple astronomical example coming
from the analysis of the evolution of the cognitive system ex-
pressing classical physics: new problems arose after Uranus
was accepted to be a planet. Uranus’ orbit could not be accu-
rately predicted from Newtonian theory. In fact, by looking
at the predicted orbit with a telescope, it was not possible
to observe any astronomical body. This was an interesting
anomalyto be solved. To explain this inconsistency, Adams
and Leverrier, in the first half of the nineteenth century, in-
troduced thead hochypothesis that this anomaly could be

is required. The appearances are the objects as they are in-explained by postulating the existence of another still unob-

tuitively and immediately given (by direct acquaintance) in
the constituting multiplicity of the so-called adumbrations,
endowed with a morphological character. When we see a -
potential, we cannot foretell what it is - spherical form from
one perspective, we are adumbrating it.

Adumbrations are multiple and infinite, and there is a
potential co-givenness of some of them (those potentially
related to single objects). Adumbrations, as rough infor-

served planet. This is a case of productigehochypothesis
guessing: this mere (audacious) hypothesis promotes a new
chance for discovering a hidden object. In 1846 Galle de-
cided to point his telescope in the direction indicated by the
new hypothesis to effectively determine the existence of the
planet. He actually “discovered” Neptune. It was thexi-
sionto use an external artifact able to “prosthesize” scien-
tists’ cognitive skills to produce a further scientiihance

mation that has to be further processed, influence the pa- concerning the empirical discovery.

Metaphorically we can say that the telescope, as an ex-

rameters governing the cognitive system, in the sense that ! L he !
they are responsible for its shifts in the state space. They ternal tool manipulated by the scientist, “bumped” against
are incomp|ete and partia| so for the Comp|ete gi\/enness the eXIStIng attl’(_:lctor aCCOUnﬂng for the belief in the orbit of
of an object a temporal process is necessanticipations Uranus as predicted by the Newtonian theory. This brought
are the operations necessary to manage adumbrations thafO @ catastrophic rearrangement of attractors, that is to the
have to be performed by objective transcendence. Just be-discovery of a new planet and to the development of a new
cause defeasible, anticipations correspond to a kind of non- conception of the solar system.
intuitive intentional expectation. When we see a spherical

CONCLUSION

form from one perspective (as an adumbration), we will as-
sume that it is effectively a sphere, but it could be also a It is clear that the manipulation of external objects helps

hemisphere (an example already employed by Locke). An-
ticipations share with visual and manipulative abduction var-
ious features: they are highly conjectural and nonmonotonic,
S0 wrong anticipations have to be replaced by other plausi-
ble ones. Moreover, they constitute an activity of “generate
and test” as a kind of “manipulative” cognition: indeed the

human beings in chance discovery and production and so
in their creative tasks. We have illustrated the strategic
role played by the so-called traditional concept of “implicit
knowledge” in terms of the recent cognitive and epistemo-
logical concept of manipulative abduction, considered as a
particular kind of abduction that exploits external models



endowed with delegated cognitive roles and attributes. Ab-
ductive manipulations operate on models that are external
and the strategy that organizes the manipulations is unknown
a priori. In the case of “creative” manipulations of course
the result achieved is alseew and adds properties not con-
tained before.

We have described various “templates” of manipulative
behavior which account for the most common cognitive and
epistemic behaviors related to chance discovery and chance
production. We have stressed the importance of producing
inconsistencies by radical innovation at the level of inter-
nal abductive processes but also in the case of manipulative
thinking, where epistemic mediators constitute interesting
ways of finding anomalies and “curious” events, unexpected
dynamical features of phenomena, contingent ways of epis-
temic acting, and manage incomplete data and information
to anticipate new trends and hidden objects and properties.

Finally, we have said that some aspects of chance discov-
ery and production can be usefully grasped through the per-
spective of dynamical systems. Chance production can be
viewed as a kind of event related to the transformations of
the attractors responsible of the cognitive systems. In the
context of naturalized phenomenology we have described
chance anticipation in the light of catastrophic rearrange-
ment of attractors. A perspective that can be further devel-
oped for example to treat other interesting aspects of sci-
entific discovery (conceptual change and scientific revolu-
tions).



