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Abstract: A research approach, active since three decadskeishy described. Its aim is to
clarify, starting from the phenomenology of explagtunderstanding interactions followed
along years within groups of students, two mutuetiyrelated theoretical and practical nodes:
i) how to restructure thaliscipline presentation(e.g. basic physics and math) to be
longitudinally resonantwith students’ graduabppropriation in both understanding and
motivation; ii) how to infer a cognitive model altie account for success (insuccess) in the
schoolactive mediationbut also to validate planning and support stiegefqvariant across
age spans and different content areas. A firstaggbr to basic mechanics, able to coherently
and successfully evolve to higher formal leveld| @templify model activation at school.

Introduction: this paper

This presentation aims to offer a brief survey afeaearch line which since about thirty years hadved
along two parallel, strictly correlated strandsagnitive modelingable toaccountfor what actually happens
(does not happen, we would like to happen) in sgeand mathematics classrooms, since kindergaoten t
beginning of university; and an effective and é#fit restructuration of both discipline concepts &eaching
practicesable toresonatein understanding and motivation, with the astoinig potentialities humans exhibit at
the beginning of their cultural life (and then appdo gradually “loose”). The results of both stian
substantially unpublished apart from occasionakgxs, are now being systematically organized alogrto
their “reciprocally mirroring” features. Here a feagpects of the research method and of the infewgditive
model will be first outlined; then a flash-examplél be given about the approach to the long teognitive
path that allows for a longitudinally resonant aggiation of basic mechanics. As a conclusion, stinés
from neurocognitive research will be recognized rasonant ones with the interpretations and with the
suggestions stemming from this independent apprteatiiought facts.

It is obvious that such a compled anultilateral research line, active for such agldime, is deeply
involved and indebted with a great variety of tletimal views and research results (say, from prasicc
philosophers to current cognitivist and/or currazybroposals). However, a regrettable choice @eefl one: to
prevent this paper body to be almost totally takgmuotations and references, substantially naeatz will
be given here - even when some Names will (nedggsappear. The choice will be remedied for in mor
expanded contexts; experts in the field will anyhdentify implicit acknowledgements diffused in ttext.

1) The research: aims, methods, framing assumptions
The research started in the late ‘70s with an dous, yet rather undeterminate perspective: tdcedlgt
confront with the diffused failure of the scientdinathematic education by directly and deeply Haigting with
“normal” students in “normal” schools (since the/3 of kindergarten up to university level), andhmheir
“normal” teachers; this, for long time enough titlthe dynamic features underlying the widesprkzak of
personal understanding and motivation, both necgs$sauccessfuppropriationof basic scientific culture.
The goal was then, since the begmprind along the years, one of exploring on one #id implicit
cognitive potentialities girls and boys bring tdsol; on another side - but at the same time —adrigying out
the deep rearrangements discipline structuresmest/undergo in order to gradually and successfiillyas
through a resonance dynamics, with the studentgnpialities themselves; finally, to check acrdeset(up to 5
years, in some cases, with the same students) wbitd term interaction strategies between develppin
cognition and self-modulating scientific culturepapr to be mostly effective and efficient to reacbultural
appropriation personally meaningful, socially relev and open to cooperation ad evolution culture
appropriation. At the same time the research metlogy was also shaped by matter of fact circumstsnc
researchers, with long term scientific backgroumdghysics, biology, mathematics, psychology, whriéy
immersed in the project and “scientifically” confitong with cognitive and pedagogical issues inréitare;
Italian Schools allowed for systematic presenceresiearchers in the classrooms, totally sharinghtegc
strategies and teaching interactions in investiyédmd connected) areas with in-charge teacherigtieans of
the standard approaches need always to be sudiytgfiarantee test-students to redelterperformances in
standard controls at the end of learning cycledpaching “technique” of setting up the conditiorss f
systematic, meaningful students discussions, tligaad-time analyzing them in correlation with wem tasks
to address the finalized interactions, was firsteltgped in these years, revealing itself as a atuey to



research evolution; the possibility to “survive” agientific departments by periodical (and not segfient)
publications about science teaching results andgsals was a big help; ... and so on.

Confronting with unsatisfactory flethecks of so many action/interpretation featysesuliar to
available learning theories (Piaget, Bruner, Vygipts. et al, to start with), the research went on dlow
accumulation and organization of varieties of pimenological evidence, always mirroring into hypaited
modeling features. And the envisaged model alwagstb satisfactorily account for the short-interméztong
term observed cognitive dynamics: addressed as wWerg by strategically active adult intervention and
support but fully involving the understanding-learningogect in all his/her personal characters.

Several basic aspects of such a ghenology-based cognitive modeling were quickly
interfering/merging with the basic framing assumps which in some sense had a-priori inspired rebea
methods and goals: since some point, a selecteaf sessumptions-confirmed-by-results was therefdrie to
act as an (evolving) framework within which to anlate the research strategies, together with twgitinuous
confrontation with classroom data and worldwidet$imesults. Here it is just possible to (almostdamly)
sketch a few of suctnodetframing criterig all gradually confirmed by direct evidence andash implicated
in the actual form of the model itself. In “apodittformat, a satisfactory cognitive model shoutén:

- exhibit interpretive (in observed contextspredictive (in new contexts)and effective interaction-driving
features all along the evolution of life-and-schexperience of students;

- account for varieties and complexities in the Wwimgy subjects in the knownobjects in the cognitivefits
correlating such poles via the proposadtural interfaces— without systematically removing variety and
complexity into “ignorance” and/or “anomaly”;

- account, along development times (and since garly ones), both fadifferent (parallel) level®f cognitive
sophistication always tuned to purpose and congaxd,for a (correlated) inner dynamical impulsedgnitive
self-expansiori<all men by their very nature strive to betteolwt», already according to Aristoteles);

- offer definite help to come out of superveningdiplems” (theory-and/or-action centered);

- account for thévasic similarities(across the wide span of sophistications) conngcttudents’ teachers’ and
researchers’ cognitive strategies, this way pramgodnd supporting reciprocal empathic “recognitjon

- value the fact that thinking is at any leimtinsically multilateral (thensometimes incoherentet most of the
times globally self consistent), according to aorigjuite similar to Wittgenstein’s <game of games>

- accept thaleep constrainfalways a controversial though quite an obvious)dhat <the game of games can
not be totally formalized> - then explicitely repeamted (formalizing itself is a game among others!)

- account for the observediscretization-articulation-correlation of the coiiie gamesaccording to their
action/language/purpose features and structurexgnézing and making explicit the founding role of
Democritos’ realization that <language is the shadbaction> (and viceversal);

- account for thesubstantial continuity in different thought modedrom perceiving to modeling, from
referential to formal ones - all structured arowwinmon, basic strategies; in correlation, to actdonthe
observed long term, interlacedfinement of strategiethemselves from kindergarten to university, and to
highlight — in this perspective — effective and@éntrecovery strategiewhenever needed.

- to make the most of the very fact thatural experience, natural language, natural thingk natural
strategies, natural knowing. sit down at the roots of all kinds of thoughffelientiations, developments and
sophistications: even more important, that theypshalso the crucial patterns of metacognitive amghition
validating dynamics.

(There are several reasons to makkreasonable framing criteri@f a proposed modeling as much
explicit as possible: last but not least, the tbiey do have in making acceptable and exploitapléenbrmal”
teachers a proposed theory of thinking, so oftgelting them in its technically schematic featiwres

2) The “cognitive resonance” model: general feature s
Without following the indented evolution of modealre and surface features, without attempting tai@pout
their reciprocal consistency and support, and witlpursuing any completeness, it will now be schéraky
outlined some model peculiar character. It is waathremark again that the model itself, in its emdmir to
mirror thought dynamics, isot looking for a hierarchic (quasi-deductive) constion: rather, its descriptions
of thinking substantially acknowledge for a richriety of potentially correlated and potentially structured
available modeswhich always get their specific form(at)s accogdio activation-and-purpose modalities. (See
below for a physics-based analogy). Model charactberefore, do not respond to rigid reciprocdspobut are
in some sense all-always co-determining, with \deiaeciprocal weights, thinking dynamics.

Cognitive thinking is deeply rootietio a few, crucial, dynamical “facts”: quite evideas such across
emergent cognitive behaviours, quite hard to bepdphaisentangled at “local” levels (individual, mextual,
temporal, cultural, evolutive ... ones). Let’s goaihgh.



2.1) At the basis of any kind ofonceptual thinking(so to say) stands the huge, sophisticated,
substantially “black-box” construction of thgerceptual (sensory-motor) thinkingn all its hardware vs
software, syntactic vs. semantic , functional Wuciural ... dynamical features. We know not so mathuch
a system (by the way correlating humans’ to anin@gnitive behaviours): however all we know antived
observe confirms on one side the obsercedtinuity and reciprocal embedment between comneépnd
perceptual “worlds”, on another, crucial, side the reasonable hypisthes a syntactic and semantical
parasiting by conceptual cognition of the percepgteucture itself.

2.2) In a first approximation, continuity and embedmean be resolved into some main aspects: i)
conceptual and perceptual thinking, as much as #rey phenomenologically distinguishable, do exert a
continuous influence each one on the other, tiéraction-interference (normally a very constiwgtone)
being only in part explicitely controlled at thearge of games> level; ii) there iglmect continuitybetween the
two thinking modalities: in particularreferential thinking articulated as it is intopermanent
objects/systems/statdand so on) angermanent phenomena/properties/transformati¢asd so on), can
exploit its potentialities of “evolutive advantagehly if the two modalities are reciprocally tunéattually,
continuously re-tuning each one vs. the other);sénsation has the severe limitation thatrelations among
variations are not directly observable, as crucial as they tarbiological success: a move forward, already
present in very “simple” animal structures, is them “purposeful mix” of sensation, pattern
construction/recognition and memory which allowe perceptual cognition of “complex” animals (arfd o
humans) to perform directly (let's say impliciteiy) quite sophisticated ways; iv) the typically hamm(crucial)
move, commonly quoted as “abstraction”, appears theits core features as one of literatipjectifying
correlations themselves: i.e. one of cognitively handle anddnzhize them according to systematic and
coherent metaphoric strategyhat projects the external-correlations world otle powerful perceptual-
cognitive structure already tuned to handle exieohgects, phenomena and so on: the enormous “Bvelu
advantage” being then one of transferring the atqilon of correlations (interpreting, planning,nsidering
alternatives, producing hypotheses, and so) orgduthctionally, structurally and strategically wdibminated
plane of perceptually-driven world interactions;orjce any new level of abstraction is subsumedvihig into
the already available cognitive machinery it stastperiencing, in turn, strong “metaphoric advahdssthe
powerful expansive dynamics which is responsible g@olutive as well as developmental level) for the
bological pressure to optimize performance: suclineimsecally constructive mechanism (sometimézlied
as a “bootstrap” one) making, on the other handctprally impossible (unproductive) any attemptrigidly
classify and rigidly handle different “forms of tiking”; vi) in particular, the metaphoric mode thinking
allows for the onset of aexplicit, again quasi-objectual, metacogniticadways working somehow “counter-
stream” in respect to the “logical” constraints emited in cognitive dynamics, and emerging to aves®imn
the format of recognized “impossibilities”: frommaontradiction, to impossible total formalizatiohthe game
of games, to incompatibilities in checking comptetes and coherence, and so on; all stressing thigably
self referential character of the global dynamid$;again in particular, the metaphoric (abstrahthking mode
can be recognized as internally structured accgrthinsome crucial features already evident in thegptual
one: for instance, elementary “prototypes” of vasolevel are gradually correlated (in evolution ias
development) to each other according to flexibtacdtires, accounting this way imngaximally economiavay
(as pointed out by Mach) for the overwhelming vigrief contexts; for instance, the intrinsic struetion
according to “fields”, “subfields”, “general fieltls.. and so on in particular knowledge reflect (stimes even
quite clearly) the original metaphorizing phenomegges; and so on.

2.3) The evidence for such characters of basic cognifignamics gradually and coherently emerges
from direct, careful, long-time, different individls’ observation in different contexts. (It is acpkar feature of
all levels of animal perception the “primitive” esfance which is given to the cognitive articulat@hany
“change” into the meta-categories of varianceingariance: so that the very fact that cognitiveainants
subjectively emerge as “research results” acrassating times and variegated contexts is just cotievéh the
basic “universal” features claimed by the cognitinedel itself). On the other side a cognitive dyiwmntike the
one which has been just outlined would easily tesulquite unstable, explosively differentiated niiye
systems (and systems of systems). Actually, whaksv(also) as a stabilizing cognitive subsystenie tbkeep
at reciprocal convergence growth, use and strudiorawithin and between individuals, at the same time
exhibits deep marks stemming from the dynamicéfifdgs way confirming the basic model assumptjoritsis
now urgent to qualify theariety of cognitive roles assumed by language welt as by generally “symbolic”
processeslet’s see some of them. i) Various symbolic (pre-symbolic”) forms of thinking-and-behaving, up
to “protolanguages”, have been documented in asinfahd plausibly more could be uncovered): thessto
language and symbolism appears then as a natugaitiee potentiality best developed in appropidate
“cultural” environments. ii) Though an evolutionaagcount of human symbolic and linguistic proceqsss
hard as it is) would be of crucial interest in cibige modeling, it will not be attempted here. What is by
now recognized in human languages as “universa$ichatructure(s) of syntax and grammar (Chomsky’s
perspective) has very evidently to do with a bastimictural scansion of external-and-meaningful itgal



features, to cognitively reorganize them in purfpas®rmats. In other words, in the language rgalippears as
“projected” (forced) into a discretizing categotina which privileges stable object/systems (nourlsgir
recognizable and variable “properties” (adjectiyalgir movements and/or transformations (verbspating

to various modalities (adverbs), the space-timesahlinks at the roots of recognizable phenomepyatéstical
terms and verbal forms) ... and so on: it is noticliff to identify across thetructure of grammars and
syntaxesa quasi-isomorphism (dynamical resonan¢eto be more specific) with the basic structures of
referential cognition (perceptual and/or conceptual as it is). iii) Laage (and symbolization) perform
therefore, together with the communication onea@ety of crucial cognitive roles: e.g. on one sidey act to
stabilize the cognitive dynamics (within and betwerdividuals; most importantly at the level of wuwhl
transmission, where cognitive categories and gfi@seare implicitely shaping the developing mind thgir
resonant effectiveness); on the other side it alfov variationality and expansivity of the cogwéitidynamics
itself, in particular supporting the driving role§ metaphors and hypotheses strategies. iv) Incpéat, it is
clear since the oldest written documentation thetsery-motor metaphors do deeply structure thesrobt
“abstract” (and “scientific”) cognition, besidesetlones of “natural” (and “poetic”) discourse: se ttonclusion
of a mathematical proof has to be “seen”, as aeteal guess has to be “sensible” ... and so or$til) in
particular, it is probably by the mediation of lalage metaphoric power that the basic “logical” mpkta
stemmingfrom space images of two dimensional sets has takerodts and relevance, as it is until now
documented by the space-time-movement words whiaehacterize elementary logics in all languagesAwdl

so on.

2.4) The tortuous paths of the metaphorization prosgsseentually leading to handéspectsof the
complex world of correlations as quasi-isomorphic parts of the (also very complex) objectual and
phenomenic world, become more evident by a paratledly of the (variously) abstract components of ou
language, and of their intriguirappropriation by cognitively developing young people. Thereasraom here
to go across an analysis of this kind of processhsre the strong a-priori constraintsgifen‘“relevant” world
characters, together witfiven“correspondingly appropriate” language and behavinodes, powerfully act on
cognitively natural pre-dispositions: to eventualyforce thenternal resonance habitharacterizing our ways
to think, ways to act, ways to speak ... <ways te3ivin Wittgenstein's words. Just three typicalragées, as
banal as they may appear, to address the attetdgighis problem (a crucial one to understand cogmit
development within cultural pressure). iLength> is an “abstract noun” which our grammar handsaas
“object noun”: we say e length (of) ...,this length,a greatlength ... etc>. It is obvious that no “length-
object” does exist: rather, length is one of theg/svéactually, a prototypical one) by which we céamacterize
concrete objects (technically, an “attribute”, aaffable”, ...). Why a quasi-object noun, then? A #das
(though complex) answer is indeed possible withim framework of the model. Here, just a crucial agmin
its substantivation the word <length> actually ref® the fact that by selecting a particular wayetok-at the
considered object among the many available olmexkifg-at bylength: rather that by weight, by price, by
beauty, by symbolic meaning ...) it is indeed possitdl realize astable, meaningful resonandmtween a
subjectivecognitive “predisposition”and an objectuahvariant “property”. Exactly what happens with the
perceptually successful apprehension of a physibpdct: in both cases the resonance process reinfpits
two referents. And the “objective length” will thévecome visible, measurable, comparable, strugeirand
so on. (ii) Force> is, again, an “abstract noun” which our grammemnds, again, as an “object noun”: we say
<the force, two forces, agreat force, ... a forceacting on... etc>. It is again obvious that no corresponding
object exists: rather, this substantivation (agaimeferential-and-metaphoric one, as it occursierygay
language) implies the ability to “see” thievariance of a complex correlatioaxperienced in a variety of
contexts: where the perceptual feeling of a boddging force> is first isolated, then connectethi® variety of
co-occurrences in the (necessarily) involved extesystem(s). Again, transferring the concrete gidorce
contexts to quasi-objectual cognitive contexts, nehany doing-force is materialized and represemted
“something”, happens indeed to be a “winning” coigri strategy: already present in natural thoughgliage
strategies when, quite late in cultural historygadt to be “formalized” (see below for more detgriig) What
about iumbepr? Again a cognitive, linguistic, symbolic, formal quasi-objectual mark to characterize the
resonance between a way-to-look-at (i.e. lookingnlynerosity and nothing else at a delimited grofip o
discrete objects) and an objectual property ofeegiof the world. Again, much more than that: thesility
to directly handle an internal construct not onbjeato resonate in trustable way with a varietyegfernal
contexts-conditions, but endowed with the poteityiab become (just by its character of faithfulptioation of
objectual properties) the cornerstone of a selfsisbant cognitive world able to successfully supsgits
structure onto the objectual one.

2.5) It may be by now clear that this kind of modelirggnds to look at cognitive dynamics as one
characterized by an interrfauplication” of features, and correlations amongdtures somehow “mirroring”,
or “simulating”, the external ones that cognitidseilf is able to isolate (to “identify”) then to€tognize” as
relevant ones, then worth to bppropriated In this always entangled construction-and-usegss, the ability
of cognition to modulate in a continuous way theximg” between perceptual conceptual and metacognit



dynamics, in referential and metaphoric modalitigays the central role. And dynamics itself appdar be
setup (as much constrained than activated) byesonance-searching and resonance sensing, far-deep
biological “engine”; one able to detect and to pursue mbeprocal adjustment-fit between aspects of extern
and internal worlds(internal-to-external, internal-to-internal, extal-to-external features ...) by the same
universal criteria by which a living being is supigal and addressed in his good/well vs. evil/hardggments
and behaviours. Radically: the internal feelingithg us (most of the times successfully) to maxaréngnitive
internal and external resonance(s) in local addbaj contexts (“cognitive fithess”, so to speakyhhe similar
roots and sensing apparatus of the feeling whisleslius to maximize our overall wellness, to whidgnitive
fitness is in turn a crucial instrument. And aléthy now well acknowledged correlations betweemitieg,
emotional and values worlds strongly confirm theswto look at cognition itself.

In this perspective it is also evitithat the host of “representational” strategibaracterizing the
modulations of our culture-driven cognitive stragsg(from symbolic to linguistic, from iconic torfmal ones)
are themselves driven by selective (reciprocalpmance criteria: where the crucial node pivoting ¢bgnitive
“duplication” game is localized in its inner (sofive and hardware, so to speak) schematism-anafsrti
features. Only parts (better, projections) of thmplexity can in fact be successfully duplicatet imeaningful
and manageable internal entities: in any case atptice of a schematization, directly stemming frim
structures of the “simulating hardware and softiasewhich duplication itself is setup.

Obviously such a continuous, irgitally redundant duplication-simulation processbig itself
subject to uncoherences: internal ones (emergirenwiifferent patterns “should” be reciprocally ad@d to fit
external pressure); and external ones (emergingn\ahmgattern internally elaborated according tcedat “other
times” successful does not fit any more to a nemdkof external evidence). Since the earliest tiroés
metacognitive reflection, “philosophers” have neticand discussed such an intriguing problem, aodgsed
ways to come out of it. An extreme one (from Pkatd Aristoteles to Leibnitz and Hegel to some conterary
epistemologists) is to postulate some kind of afpgranted correspondence between “absolute thdéoyms
and “absolute world” features: the problem beingnthone of gradually “uncovering” a satisfactory
(asymptotically true) match between the two. Arematively extreme one, which has been first icafii
worded by Protagoras (then substantially misinetaat, then dismissed along the centuries) is tlkeasaumed
by this cognitive model, in its intrinsically dyn&al characterization: iany “discourse” (ogos part-aspect of
the cognitive system), due to its origin from comtal-and-metaphoric inferences projected anduesired to
fit into a uniform “language” structure, is by it®ry nature potentially contradicting other papects of
cognition, when developed only according to itsefinal coherence; ii) to overcome such a quite nbrma
difficulty, the normal success strategy is alwage to produce (to invent ex-novo) a “more power{ifetton)
and more complex discourse (mostly, by new metaptuirategies), featuring the possibility to refeaitie
emerged contradiction as a particularization ofedént but not incompatible ways-to-look-at: theesmwhich
by now are coherently inserted and controlled witthie new discourse structure; iii) the validitggement
about such a new discourse cannot be pursued pddircriteria (“principles”) somehow external toetglobal
cognition (and values, and emotions) system in ptesent dynamical configuration, but has to be
problematically found — time after time within itself (metron anthropasman is the scale for all things,
Protagoras was claiming: with associated, multenitian scandal). Clearly a lot of the evolutiorsoientific
thought can be understood (also) this way; while oright again remind Wittgenstein’s claim that vesot
play a game of giving game of games a definite fameven Godel's claim that to check for completsand
coherence of a “formalized” system it is alwaysessary to activate a “more powerful one” including

2.6) The characterization of the model could (shouatmjtinue, but it is now time to sketch some of its
implications. Before doing it, three other pecufieatures will be just evocated by proposing a p@&ysnalogy
to the model itself. The object-like (“machine”dikrepresentation of cognitive dynamics (or paftd)pquite
rarely coupled to self-critical attitudes, is asgl @s human documented reflection: from Zuang-Zicévitury
B.C.) to Fodor and to neural-networks simulatiathg, effort to explore thought by assimilating itgeculiar
thinking products has proposed an impressive sefigsiasi-models. (Several times quite “useful”’ ®hedeed
to the progress of reflection). The image beingppe®d here is just one among other “physical/obgtt
images (biological images, like the one compariognition features to living/evolving organisms apkcies,
are probably the best fitting ones — even if thi#groappear as complex and badly known as thedthimey try
to reflect). Let’s take the way contemporary physg modeling an aspect of reality identified aSield” (a
“quantum field”, in particular). It is a “somethih@ssumed to be physically real (actually the badigsical
root of all kinds of observed reality), but impdssito be assimilated to the perceptually basedemtion of
“object”. Further, endowed witktrongly correlated charactersf internally structured “content” and externally
structured “interactivity” (we can model the fidby inferring structure from interactions and/or fmgdicting
interactions through structural features). Now eldfifeatures, among others, some interesting tygali
characters in its structure/interaction, easilyeagd to cognition dynamics: iteality is actually a potential
(“virtual”) one, in the sense that it is manifesting only throdhe variety ofpossibleinternal and external
interactions summing up its very “nature”; it isery redundantong as compared to our technical possibility to



exhaustively model the internal elements/relatigmsh‘closing” up to account for structure/interacti
characters; it is, finally, highly hierarchized oneaccording to quasi invariant modds,it also subject to strong
contextual rearrangements, according to the festtime-by-time “evocated” by the meta-constrainatth
external inter-actions (with a different field) adgiven by reciprocally coherent featurds is clear that the
proposed image (extending to almost all the “techlities” which qualify a quantum field) can be auwmore
confusing not-physicist people: however it also egyp that the thought attitude/tendency/ability to
metaphorically reinvest its most sophisticated paotsl into (unavoidably partial) self-modeling isfwanother
confirmation of the proposed cognitive model, ahthe self-limitations it coherently accepts.

3) From the model: a longitudinal, resonant approac  h to disciplines (e.g. phys & math)

The metaphorizing cognitive dynamics, crucial asito culture appropriation and exploitation, isléed a
natural one — i.e. accessible to all normal humans, ubigb degrees of sophistication. It is not, howewer,
spontaneou®ne, as compared to the complexity of the cultaréitulation characterizing our ways of social
life, and to the compressed times of individual elegment. Therefore beyond implicit appropriatidnttoe
everyday basic culture under the pressure of eegrfudl immersion in it, explicit cultural approption along
the pathways of strategically defined metaphoriretineeds to be purposefully addressed and mediated
stimulate and to support cognitive autonomy (in tcast to substantial training/conditioning): andsth
could/should happen within the school social cantaxa prototypical way. Averroes was saying thay a
individual intellectneeds, to develop, to be <fecundated> bygéeeral intellect— culture, in our words —
through the mediation of a purposeful, mirroringpaithic (“resonant”) interaction with a more deysd
individual intellect; while the contribution of ar{ynortal) individual intellect to the evolution tife (immortal)
general intellect occurs by a peculiar charactethef former one: its attitude toreative imagination The
cognitive model being sketched here substantialhssribes Averroes’ insight. But this means théipsting
has to be planned accordinglémg-term-evolving cognitive patltf&onceptual corridors” in Confrey’s words):
paths which the research has eventually proved gordsonant ones with the ever evolving cognitive
potentialities of students, and whose appropriatigrieachers makes able to address and suppogsbyant
interactions the “conceptual trajectories” of greugnd of individuals. (Notice, by the way, the éasting
power of the “path within landscape” metaphor t@camt for cognitive growth/evolution, since prestir
philosophers to Ludwig Wittgenstein, and beyond)dAust at this point the path of the research heomunted
for is merging its two strictly correlated threads: effective cognitive model to actively fostedfice cognitive
resonance; an effective (re)shaping of concematis within disciplines landscapes, to actuallghstudents’
resonance potentialities. Three examples of (g&heral)discipline-centeredtrategic choices implicit in the
modelwill now be briefly outlined under the heading sifategic teaching questionashat about physics vs.
mathematics (so to say, factual thinking vs. forthaiking)? what about scientific modeling (a sfiiecias if”
thinking), e.g. in physical contexts? what abowt thre-requirements” always claimed to be necessagny
definite understanding?

3.1) From the point of view of this model, the basigogition of physical vs. mathematical thinking is
well outlined already by Aristoteles (this way aigating a sound epistemological answer to Wignewsries
about the <unreasonable effectiveness of mathesnatie). According to Aristoteles himself, mathematand
physics as specialized endeavours resportd/dodifferent, basic ways-to-look-at the same wgienomena
the former aiming to isolate the structural featugat the origin, substantially space-like oneshedded irall
observable contexts (in this sense universal, tlastract” ones), and gradually organizing themirasn
autonomous quasi-objectual, this way totally cohgrfictitious “world”; the second striving to sameatically-
but-faithfully “duplicate” the essential featuresatasses of phenomena by “fitting” universal staes already
in mathematical (logical) formats (whenever and clbver available) with context specific and ad-hoc
“formalized” characters, all being structured byatisal” (again metaphorically expressed) links. Gbsly
what comes out are, in both cases, complex seftsanflly entangled” structures of metaphoric eleraeantd
relationships substantially “simulating” space gresuctures which are culturally handled and repn¢ed in
guasi-objectual formats, that as such substantfaiywent (instead of favouring) directly “intuitiveesonant
appropriation. On the basis of neurocognitive envideDehaene notices that even basic arithmetid, lzes
been culturally structureds cognitively very difficult (basic physics all tleame): but an insightful cognitive-
and-cultural mediation, acknowledging and makirigganetacognitively) transparent the state of feattually
can do the job to gradually drive individual thinking a resonant appropriation of cultural ways-tokiad,
factual (scientific) and formal (mathematical) ones

3.2) Let's take the example of physics-peculiar modgktrategies (something quite similar can be
said about other scientific areas). At the origands the basically perceptual world scansion é&xe) into
“permanent systems” and “permanent variables”, tlmo systems interactions and parallel variables
relationships and correlationghen into “permanent phenomena and phenomenalpgigentually exhibiting
causal links(as space-time metaphorized): all being quitestatiorily (so to say) mirrored by ttsyntax-and-
semantics (mainly) constructive interferendeatured by natural languagesind by (independent)



symbolic/iconic representations. (For instance gndovely crucial node, impossible to be fully artlated here,
is rolled up into the very primitive notion of “fior", powerfully linking and entangling to the cogné
treatment of systems the handling of “directly msible” relationships between variables - this wagjected
towards “objectual” metaphorization). What physissdoing is just to systematically and coherentipleit
such a “natural” approach (and making such a peiglicit is a powerful key to successful “teaching”
mediation at all ages). Three basic obstacles, hemactually make the cognitive approach to ttseiglinary
modeling to be felt by many people as quite anrabtd one: i) on one side, <reality itself is riolly
separable> (as D’Espagnat notices about quantursigs)y systems interactions and variables relatiipss
actuallyare totally interlaced in nature, and quite sophigédastrategies have to be at work (nothing to db wi
Piagetian prescriptions) to de-interlace (theneténterlace) them in emblematic contexts; ii) oother side,
for “good” (!) cognitive reasons our formalizatimystems have evolved in quite different ways ontthe
fronts of interacting systems and “function-likedreelations of variables: this way our physics masyas our
experts’ physical thinking) are now mainly fillecp by “computable formulas” correlating variablesdan
parameters variations, while the parallel (crugialhderlying) systems interactions are mostly talkeoharge
by linguistic statements (easily misinterpretatdetteey are by their seemingly loose, “un-formalizéatmat);
iii) finally, physics modeling is mainly presentedthin context-adjusted, supposedly emblematic fragm
conditions: without accepting the burden to explice complex cognitive networks that (already éorhmon”
experience/knowledge) correlate and hierarchize pmrception-based, action-based, ... prototype-based,
generalization based, principles based ... cogndivé-operational behaviours.

3.3) It is a quite widespread commonplace in discussadrout schooling problems the accent which is
placed on the “pre-requirements” (always on the ifl pupils!) supposedly necessary to the successy
“further step” in the teaching-learning interactitself. There is (obviously) a sound basis to sackorry: the
powerful path-metaphor to account for cognitivelation, already evocated above, being clearly sarasating
it. But a metaphor, as partially significant andessful as it may be, is always a partial oné¢him case, able
to trap theory (remember about Piaget’s discretaedialigned developmental stages) as well asipeattto
substantially blind cognitive assumptions. It mot this way that cognitive dynamics actually works
(conditioning does!). Much more a sound one is @&déhe Vygotskij's basic metaphor: “local” cognéiv
progress in social context being seen as an emegsibof a “possible-proximal-development regiowhere
some element of “new” knowledge has coagulatedpdiat and stable appropriation by an active ainélfzed
adult intervention taking into account all theplicit as well as explicitpre-conditions” of the learner. It is
clear from what has been said that the model ptedenere substantially accepts (and develops) aucéw.
To end up, just three comments. i) Rich, potentiallolving proximal development regions are notrfothing:
they have, in turn, to be continuously fosterediegéd &lsoin their idiosyncratic characters) by responsible
and competent “teaching” mediation (quite ofterieabome years of schooling proximal developmeatsr
appear as burn out by their exploitation in explinstruction, without the renewal the enrichmentl ahe
growth which only would allow for further cognitivgrowth). ii) A “region” is a region (at many many
dimensions, in thinking space!) and not a linerivaé so, onecan get out of any definite region by a wealth of
different moves resulting in different “acquisit&Sn In other words: cognition, as a resonance-mediate
continuous (continuously evolving) activity, is ligelf alocally highly non-linear proces@castically typified
by the Platonic myth of “recognizing”): and all tretempts to reduce it to quasi linear sequences of
state/transformation “unit” steps miserably fail tae matter-of-facts level (remember Gagné’s “cullar”
proposals). All this might let teachers’ task tpagr as an almost impossible one (then forcingttteassume
regressive, “strictly deterministic” views/actiongjithout the support of aognitive modebnd of adiscipline
restructuration taking explicitely into account the long-term cdiye evolution, and its necessity to be
insightfully supported: two correlated aspects afymamics whichcan be satisfactorily controlled/addressed
according to resonant (instead of dissonant) assan

4) An example of “mediated resonance”: the approach to “rules” for basic mechanics
Typically, the teaching approach to basic physiossses two (correlated) “metacognitive” aspeatsowe side
the serious “dangers” unavoidably connected witlssimg up physics understanding by any attemptvolve
in it bodily experience; on the other side theindtically discontinuous relationship separating rfeoon”
(misconceiving) cognitive habits from “scientifiqtorrectly conceptual) ones. And a “philosophereli
Parmenides was just first opening the endless stbdpxa (opinion) vs. episteme (true knowledgeg)asition,
dominating western culture up to present times. démreral assumptions of this cognitive model ast e
opposite ones: to better illustrate them, let usflgrgo through to the very first steps of an adiyiresonant
path to appropriate basic mechanics from the béginof schooling to full formalization.

- One starts by the explicit analysis of statiaadions: quite naturally occurring references tdiomosituations
are well accepted all along the initial path, bxpliitely memorized-and-postponed (actually, thél be later
resumed and treated according to a strict, sutdesgending-analogy to static ones).



- The physically crucial notion of “body” is firshissumed in its literal, experience-laden referenken
gradually extended to encompass any physical “systa its fully material variety of identificationdlt is
crucially important to learn to “mirror” body feats vs. objects ones.

- Isolated “forces” do not exist: the basic notighysical fact) being the state of “doing forcd”adefinite
system, this way involving at the same time anctanrelated ways its internal structures and itemmsl
interactions.

- To “do force” by a definite region of its bounglal system always needs an external, “antagogigtem
counter-doing force in the same region: in anyhefpossible “force-regions” of a given system iat¢ing with
others, the different “doing force” are at globgu#ibrium. If the interaction is just with one sgm, the two
“doing force” can be described as two equal-andesjtp actions — then as two abstract entities €forc This
way two forces can be seen as equal ones eveigiifiating from totally different systems.

- Any system “doing force” must interact by at lego boundary regions: in abstract format, the sidirall the
forces done by any system has to be zero (if teeBsyis interacting in just two regions, the exgiftrces are
opposite ones).

- The state of doing force always de-forms theeysin reference with its “natural equilibrium” sathis is
true in various (even very different) ways for batternal structure and external shape and featéedt de-
dormed by interaction the system always gains wegup “energy” (see below) according to modes whie
correlated to its doing force.

- “Forces” as abstract entities characterizingesyst interactions can be added up to correspondbgereed
interaction features if all systems are doing faatmng a common direction (if “forces are paratlaes”). This
allows to measure any force action by “equilibrgtint with a number of *“unit forces” defined by eh
reproducible deformation of a standard interactipgtem.

- (According to the previous rules) forces are ritnaitted” across systems: in the case of a “chaih”
interacting systems the force done (sensed) bfirdtesystem is equal to the force done (sensednyyother.

- To allow for the functioning of the world, forahains must be closed: this can happen immedifdelsome
systems (think to two hands pulling a spring), butst finally happen in all situations (by the inv@ntion of
the, always physical, “reference systems”).

- A measuring instrument is a particular systemclwhiwhen iserted into a chain of different systetamg-
force, transmits the force and at the same timen%uces” its deformation into an easily observealr¢ or less
linear) external change.

- Some systems (as living systems, motors, etc) bmarseen as “active” systems: they can be intgrnall
controlled in their doing force, this way “constizig” the interacting systems to do force at equal opposite
rates in all interaction regions. Other systemspiang, a plastic object, a gravity or magnetiddfie.) can be
seen as “reactive” systems: to them, physical gonfitions (and configuration changes) are univgcall
correlated to their doing force.

- The relative motion between two systems (evehtualine of them a reference system) is itself aesys
subjected to the same, above specified, interactites: its “natural equilibrium” state just beitige “unform
motion” state.

- Energy aspects can be introduced in two way&férring them from forces phenomenological ruliks,
developing them by a completely independent phemotogical path (in turn allowing to directly inféorces
rules): what is crucial to the proposed approacthét at any level of understandig and representatiba
interlacing between “force” and “energy” ways-twksat the same physical facts (as their extensmn t
momentum, angular momentum and so on) rests om&Wr (structurally universal) aspects. At any level
“mathematics” clearly appears as embedded in time saality as “physics” is.

- Iconic and schematic images illustrating thisrapph, together with an outline of its full fornggvelopment
including motion phenomena, can be found in thehAts lectures at the 2003 International SchodPloysics
“Enrico Fermi” (E. F. Redish and M. Vicentini Edlis, 10S Press — SIF, 2004).

(An approach to stimulate and tooaert for cognitive dynamics of students presentedid
Thermodynamics at the level of the upper-secondahyol, as developed within one of the researcfegi®
referring to this cognitive model, is being propdsat this same Conference: see LevrinieD.al, A
longitudinal approach to the appropriation of Scenldeas: a study on Students’ trajectories in
Thermodynamics).

5) As a conclusion: resonant hints from neurocognit ive research

Just to conclude, it seems interesting to notied thany cognitive dynamics hints, presented inmegears as
results from quite diverse neurocognitive reseatchnds, can in fact be seen as at resonance watmodel
presented here, which has been (continues to beSlapeed and validated by completely different (gta
“phenomenological”) methods.



