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ABSTRACT

In this chapter, we present the foundations of mactve approach to cognitive
expertise. We first discuss the dichotomy betwekassical cognitive approaches to
expertise and ecological approaches to motor bebhavihe limits of classical cognitive
approaches are related to the empirical study pées on very derived tasks based on
the study of memory in laboratory and to the symtsdbring problem in continuous and
uncertain environments. The limit of the ecologi@gproach is related to the reduction of
human complexity to the two-dimensional percepthtion system. We propose an
alternate framework in which basic cognitive funo8 such as categorization are taken
into account in their links to visual search presss We report some published
experimental data which tend to show that visualcggation embody higher-level
demands. This shall involves redefining the roleadnition as a teleological constraint
for perceptive systems rather than as a mere enephprocess of a poor stimulation,
and redefining the ecology of perception as a fauiti (i.e., biological, cognitive,
physical) and demanding environment rather thamexg array of external light.
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INTRODUCTION

“Often nowadays when | talk to an audience abowt ¢lcological approach to
perception, | am asked whether this approach hgthiag to say about cognition, or
whether there must be a firm line drawn betweerggion and cognition with different
principles applying. The first answer to this qimstis that perceptions cognitive.
Cognition has to do with knowing. The number onfiniteon of cognition in my favorite

dictionary (Random House) is ‘The act or proceslsnmiwing: perception’.
E. J. Gibson, 1991 (p. 493)

“| feel that perception relies on very fine cluésaitdo not appear to everybody, and
there is something automatic that virtually reaatsour own place”. Bruno Martini
(French handball goalkeeper, twice world champion)

In Ripoll, 2008 (p. 80)

The above (second) statement, relying on empirggderience of an expert player
highlights the theoretical need for characterisiciges that are critical for reducing
uncertainty and for regulating one’s own behavidtor about three decades, research in
psychology has brought evidence for the existemceuse of such critical clues in memory
and perception. However, the above statement alpposts research endeavours directed
towards the building of a theory of automatic andasive processes in expert perception.
The latter aspect is rather poorly understood dthel is known about the ability of experts to
spontaneously ‘couple’ to those predictive cluespeeially under time pressure. On what
basis do they select picked up information? In phesent chapter, we advocate for the
development of an enactive approach to expertiae should account for both perceptual
sensitisation to predictive stimudind its relations to usual task goals the course of our
development we should contribute to fill in the dapnd in the literature between mnemonic
and perceptual adaptations. Both processes havedmsgsaged as a system, which allows
linking perceptual behaviour to task demands on lisis of a memory trace which is
embodied in the coupling between the variables.

Our approach builds on recent experimental evidemb&h demonstrates that: 1) expert
visual search behaviours are rather global in eathereby reflecting and embodying the
nature of theiglobal-and-structuraldomain-specific cognition, 2) categorization ibasic
phenomenon in expert enhanced perceptual perfoena@)cperceptual expertise relies on
tight coupling between perception and categoripatio

From the 70’s, research on expertise has developsgort and other contexts such as
chess, medical diagnosis or music. Chess was migrtthie most influential domain with
seminal works of de Groot (1946/1978) and ChaseSaimedn (1973) having dramatic impact
on the definition of research protocols on memaiyich were imported in sport psychology.
Globally, these studies showed that experts arterb&tan novices at recalling familiar
material pertaining to chess game. Moreover, ClaskSimon, in 1973, showed that this
advantage is mediated by a chunking process byhwdwperts recall sequences of multiple
pieces, whereas novices organize information in caermelementary way. From the first
moments of experimental research on cognitive dégermemory and perception were
considered together. What we propose her® istrengthen the fruitful study of the links
between perception and cognition
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In sport, since the 80's, a first trend of reseansiolved a series of authors who proposed
laboratory protocols, building on chess literatorememory tasks derived from cognitive
psychology (Abernethy, Neal, and Koning, 1994; AlaGraham, and Paarsalu, 1980;
Chiesi, Spilich, and Voss, 1979; Deakin and Allat891; Didierjean and Marméche, 2005;
Garland and Barry, 1991; Starkes, 1987; WernerTdmess, 2000; Williams, Davids, Burwitz,
and Williams, 1993). This research corpus demotestrd) enhanced recall and recognition
skills, ii) decreased change blindness for ‘sencanthanges, iii) increased automatic
anticipatory abilities for extrapolating future segios (even from static displays), iv) the
specificity of the expert advantage, the lattemgswhen the material used is coherently
organized, that is structured according to thesralethe game, and according to adaptive
principles of players’ organisation. The reseamdnd, relying on classical concepts of
cognitive psychology, has contributed to the imatoh of the information processing
approach in sport psychology. This participatedreémealing cognitive characteristics of
expert adaptation in sports while emphasising tfe of memory in performance. During the
same period, several authors reported researchemegiual aspects of expertise in sport
(Abernethy, 1987; Bard and Fleury, 1976; Helsen Badwels, 1993; Ripoll, 1988; 1991;
Ripoll, Kerlirzin, Stein, and Reine, 1995; Willianad Burwitz, 1998; Williams, Davids,
Burwitz, and Williams, 1994). Visual parameters éadeen studied mainly either in relation
to motor control or in relation to decision makimguncertain environments, though, on the
field, both aspects of visual function (i.e., ‘sersiotor’, ‘semantic’) interact (see Ripoll,
1991, for examples of studies of the interactiofwben both functions). The synthesis of the
results is not fairly easy because of the diversitythe protocols employed by authors.
Fixation duration and number during visual seara@rensometimes taken as discriminating
between expert and novice populations. In seveudlies, fixation duration was longer and
number of fixations was less important in experemntin novices (Helsen and Pauwels, 1993;
Ripoll, 1988). However contradictory results wetgained, with experts having more and
shorter fixations (Williamst al, 1994). More recently, Martell and Starkes (200rtvided
evidence that both behaviours could occur durirgy game task. For instance, in a live
defensive zone task, the visual strategy consistetite ice-hockey players of both early and
rapid fixations followed by a late fixation of londuration prior to the final execution.
Actually, it appears that there is no such thin@dmsic change of visual search that would
be independent from task nature/progress or cegnitonstraints. We believe that
understanding perceptual expertise implies givimgaacount for the multiple coupling
between perception, action, cognition and diveask variables. This is motivated by the will
of describing the dynamics of expertise and nol anhemonic performance obtained on
very derived tasks. In that, we are sympathetid wlie “expert performance approach” —
initiated by Ericsson and colleagues (Ericsson Wfillams, 2007; Williams and Ericsson,
2005) — which may contribute to “capture” excepsibrperformance and mediating
psychological processes. However, we stress the teelnow about the inner nature of the
psychological processes involved rather than strgsthe need for simulating ‘more and
more’ actual performance. What we propose hereoifotus on cognition-perception
couplings. We think that capturing the inner psyobgial constraints also involves
understanding the basic relationships between p#ygital processes, beyond describing
patterns of differences in accuracy performancenore and more realistic experimental
protocols. In the end, we aim at exemplifying aotie¢ical-driven approach to expertise, in
which perceptual expertise can be conceived asn@ngent property of the coupling between
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usual cognitive tasks encountered on a daily asis, linguistic labelling of game scenes in
expert basketball players when they are workinggame systems and tactics with their
coach) and visual search parameters (e.g., ocutmrbehaviours). This will imply to briefly
recall basic principles of the ecological approachvisual perception and to extend its
systemic framework to higher-level processes.

It is nowadays traditional and convenient to presenopposition between ‘ecological’
approaches to perception and action and ‘cognitipgroaches to motor control or decision
making. In the first framework (J. J. Gibson, 197®)Ywo-dimensional system is conceived,
in which action is specified by perception and pptoal events are created by action (figure
1). It excludes representational concepts becdube knowing character’ of senses.

Q

Perception Action

N~ =

Figure 1. The perception-action cycle in the eci@iaigapproach to perception.

Information is significant: there is no need togwoe mental representation in order to
enrich and interpret incoming stimulation. The agwh has been applied with success in
‘movement science’ for explaining a series of mditenaviours like catching a ball or driving
a car, and more generally for explaining the dipmtception and the use of optical variables
like time-to-collision or vertical optical accel¢ien (Bootsma and Oudejans, 1993; Lee,
1976; McLeod and Dienes, 1996; McLeod, Reed, areh&id, 2002). From the other side,
there is no such thing as an intelligible ‘systah@t would account for the determinants of
expert performance. Building on both the ecologi@pproach to visual perception (J. J.
Gibson, 1979) and the theoretical trend of enadfitarela, Thomson, and Rosch, 1991), we
will be considering cognitive constraints as ‘egptal constraints’ of perception. In contrast
with the usual role attributed to cognition by gpmientists, which would restrict to a support
system in charge of the enrichment of initial stiation, we see cognition as a ‘teleological
constraint’ that weighs on perceptual systems. ®jeological’, we understand tHanal
dimension of a process. That is, in a systemicrihgmrception and eye movements are seen
as embodying higher level cognitidemands,which are largely dependent on both the
cognitive task at hand and expertise. The perckpyiséems are constrained by their ecology,
which is not only the external and ‘visible’ envirnent — as in the Gibsonian theory —, but
also adynamic psychological environmeBtehavioural constraints such as categorisation or
diverse verbal descriptions of the game imply #w#rch for information is in relation with
cognition, not for its symbolic enrichment functjohut rather because of its ‘output’,
teleological status. As a consequence, cognitiacoaseived here may be one term of a two-
dimensional coupling with perceptioognition, in our chapter is not conceived as an
interpretation tool, but rather as a directionalrée that drives search towards information
that has ‘historically’ or ontogenetically been falito be diagnostic for the satisfaction of
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cognitive-like outputsMoreover, the effect of cognition on perceptioili be considered as a

rather straightforward influence which can let pgtgon embody the teleological dimension
of usual cognitive outputs (e.g., labelling theegary of a defensive organisation in
basketball) (figure 2). This does not imply tlsgmbolicstructures ‘pilot’ perception or that

perception is ‘indirect’ as suggested by Rock atheis (see Rock, 1996).

Note that in our proposal, symbolic structuresraerequired for getting influence from
higher-level functions on perception-action cycleer example, it is because a given part
within a visual scene usually affords a player @egi categorisation that he or she will
become sensitized to the parts diagnostic of thegoasation. In the remaining part of the
present chapter we gather data collected botharg#imeral psychology literature and in our
laboratories, which tend to give support for thébediment view of high-level processes in
perceptual systems.

Higher level goals (e.g., categorisation goals)

I
m
Perception Action
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Figure 2. The perception-action cycle and the enmbedt of psychological constraints in perception.

THE EMBODIMENT OF CATEGORISATION IN PERCEPTION AS A
DIMENSION OF THE PSYCHOLOGICAL ECOLOGY OF PERCEPTION

We first suggest bringing together the domain ateptual-cognitive expertise in sport
and a recent paradigmatic trend in psychology tesdls with the interaction between
perceptual and conceptual processes (Goldstond, 2091; Goldstone and Barsalou, 1998;
Goldstone, Steyvers, Spencer-Smith and Kersteng;18farnad, 1987; Laurent, 2002;
Livingston, Andrews, and Harnad, 1998). Thoughsitrécent, the systematic study of
conceptual learning influences on perception hamgtexperimental and theoretical bases in
an earlier “New Look” psychology initiated duringet 1940's. The role of ‘complexity’ in
perceptual judgment might date back to those timiesn Jerome S. Bruner and Cecile C.
Goodman published their very amazing data on tlgarozing role of value and need in
perception (1947). In their paper (p. 33), the arghthemselves quote Thurstone (1944):
“For, as Professor Thurstone has put it, ‘In théags when we insist so frequently on the
interdependence of all aspects of personality,auld be difficult to maintain that any of
these functions, such as perception, is isolatech fthe rest of the dynamical system that
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constitutes the person”. We think that the fashabrthe ‘non-cognitive’ approach to motor
behaviour has conducted to a new reductionism dnt sgiencg which paradoxically, in the
same time, is associated to a noisy defence of imaflecomplexity’. The perception-action
couple is a system, but can not aff@ldne satisfactory explanations for other factors than
strictly motor ones. Nevertheless, an individuabaged in a sport task is submitted to
constraints that do not restrict to the ‘realmcobrdination between body segments or to the
catching of mobiles. We argue here that sport etigenot only a field for the application of
psychological concepts but also an ideal field egptbuilding a real theory of complexity.
Because on the field players are submitted to & watiety of constraints (i.e., decisional,
emotional, motor, physiological) and because spoignce is an ‘interdisciplinary field’,
reducing a theory of behaviour to the motor dimemsivould be especially misleading and
uninspired. In our laboratories, we have develogedxperimental program to work on the
interaction between perceptual performance and ehitgtvel cognition, such as
categorisation. We have been working with expeskbtball players which have been known
to use schematic diagrams — such as those tha@resented on figure 3 — on a daily basis.
We hypothesised that expert perception could bsitissd to critical visual features on the
basis of their conceptual activity which consistglescribing game situations, for example in
order to subsequently reproduce an offensive afendive plan on the real field. This type
of routines has been thought to promote an attunewfesearch process to visual features
that are critical to a given categorisation. Theref we set up a series of experiments in
which expert and novice basketball players haddorigninate between schematic basketball
configurations under severe time pressure (Lau20@3; Laurent and Ripoll, 2002). In a
‘same-different’ judgment task, two coherent basékt configurations were presented
sequentially, each during 1200 ms, the first onléfftepart and the second on the right part of
a screen and were projected by a video beamern®ioth the complexity of the scenes, and
time constraints, the task was very challengingtier participants. The configurations could
be identical or different. When different, they iear either physically, within the same
defensive category, or both physically and categdlyi. That is to say that a physical change
could produce or not a categorical change (seedigdor an overview of the procedure used
for creating stimuli).

After the 1200 ms presentation time period of theosd configuration, participants had
1000 ms more, during which they still could giveitranswer. During this last period, a grid
mask was presented on the screen and served@sahsince participants were informed that
if their response was not given before the maskvaadshed, then their answer would be
recorded as “incorrect”. Responses were given bgsing two keys of a computer keyboard
corresponding to “identical” and “different” resg@s. Analysis of variance and subsequent
post-hoc (alp < .05) showed that experts were better than ne\ateliscriminating patterns
of game only when a category boundary was stradidédeen the base and the target (figure
4).

1 . L . .
Sometimes non-arbitrarily called ‘human movementrege



Extending the Rather Unnoticed Gibsonian View tRatception Is Cognitive’ 7

@ File aide :35' | 22 Comparaison ouv IX3copie 1

10,0 8.61 0.00f"

Compare

ouvrir
Base |based 31balleaile

Config 1] confi 131balleaile

Config | confe131balleaile]

Figure 3. Procedure used for controlling and eqgatie physical distortion index in both ‘between-
category’ and ‘within-category’ conditions (adapfeaim the cluster encoding method validated by
Courrieu, 2001, first method). On the left (boxd)natrix affords the numerical coding of physical
distances between the three configurations. Inekésnple, the source (box 2) belongs to the ‘1-3-1’
category. On the right, the between-category comdition (box 3) belongs to the ‘1-2-2’ categoryeTh
‘within-category’ configuration (box 4) belongstiee ‘1-3-1’ category, like the source. Offensive
players are represented by crosses and defensiyerplare represented by half squares.
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Figure 4. Response accuracy as a function of sdarget distortion (within-category, between-
category).
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In the present study, it is shown that expertshzas weak as novices for discriminating
two coherently organised patterns of play. In iberdture it has been commonly admitted,
since the first studies in sport in the 80’s, tt@lerence was the critical factor for predicting
expert performance in laboratory tasks. In our dpdeperceptual task, what are critical are
the categorical relationships that are establidbetdieen both configurations. For a similar
amount of physical distortion in both “within-cgiary” and “between-category” distortion
conditions, expert perceptual abilities are diffeieted. The differentiated pattern is due to
the sensitivity of the perceptual system to vistedtures that are diagnostic of the
categorisation. Several arguments tend to favouealy access to categorical features in
vision: i) no within-category compression effectswvfound; it is likely that if a verbal
labelling process mediated expert response, them thould have considered different
members of the same category as being ‘identibalyever experts were not found to be
weaker than novices in finding within-category eiinces; ii) given the complexity of the
scenes and the comparison to do, the task placedgstemporal constraints on the
psychological mechanisms, which make us privile¢maalevel perceptual hypothesis rather
than a double perceptual and linguistic labellingcess; iii) none of the experts reported to
be aware of such a mechanism during the debriefige experiment; at most they reported
to be aware of some pieces of game organisatioren,Tlit seems that conceptual
categorisation can influence perception, but thifuénce might not require a conceptual
representation to be elaborated during such peraktasks. We can conceive that extended
practice constrains search and sensitise perceptatdms to visual features that are usually
diagnostic of task success. Those features geyeaifédird the player to be successful, so that
it becomes highly adaptive for players to searahtliem when they are dealing with such
stimuli. Perceptual discrimination abilities in @xpbasketball players are dependent on the
sensitisation of vision that occurs as a resultaoflaily coupling between vision and
conceptual outputs. In the enactive framework psegddere, we can say that visual expertise
is the embodied history of couplings between d#ferorganism search components (e.g.,
vision) and the behavioural or cognitive outputstivd action in which the individual is
engaged on a daily basis (e.g., production of caieg labels denoting game configurations).

THE RELIANCE OF PERCEPTUAL EXPERTISE ON PERCEPTION -
ACTION CYCLES: EMBODIMENT OF COGNITIVE CONSTRAINTS

The perception-action cycles play a major roledalegical approaches to perception (J.
J. Gibson, 1966; 1979). These cycles allow theviddal to modify his or her relationship to
the world by the regulation of behaviour as a fiorctof perceptual information.
Traditionally, the reliance on such cycles is ewbkethe framework of motor coordination.
In order to get evidence of the embodimentcofnitive constraints on perceptual-motor
processes, we (Laurent, Ward, Wiliams and Rip2006) analysed eye movements of
experts and novices in a discrimination task. Bamkeexperts and novices had to judge
whether two configurations were the same or differ@he configurations were presented
subsequently in the following sequence: first cgmfation (during 4 seconds) — mask (during
2 seconds) — second configuration (until the angwiEne number of elements displaced
between the first one and the second one was véreed 0, 1, 2, and 3). Results mainly
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indicated that during the perception of the seaomafiguration, novices had their number of
eye fixations varied linearly as a function of tinegmber of displaced elements. The greater
the number of elements displaced, the fewer thebeurof eye fixations. This relation was
well described by a linear equation of the type y.5236x + 6.8613p(< .05, R2 = .89). In
contrast, experts had their number of eye fixationshanged across discrepant similarity
conditions (figure 5). We have interpreted thigasience for the embodiment of teleological
constraints of cognition in perception and actidhe object and the dynamics of visual
search are dependent upon the history of couplbegeeen the stimulation (i.e., game
scenes) and usual cognitive demands (i.e., verdatgribing schematic patterns of games).
As far as novices are concerned, they have gotistorit coupling between their search
process, schematic basketball configurations, amdeptual outputs. It seems then that the
information picked up by them involves entitiestioé visual display; the greater the number
of figured entities manipulated, the greater tkelihood to find quickly a local distortion of
the display. On the opposite, experts have coufbedyears the invariants concerning
alignments of players (provided by visual stimwa)i with conceptual labels (see the
preceding section for examples of labels). Theegftineir search is not sensitive to local
manipulation of the display. Their eye movement haris rather constant in this experiment
(figure 5).
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Figure 5.Mean number of fixations (and standard deviatiamgxperts and novices in the various
source-target similarity conditions [reproducedwvpermission of the Psychology Press, Taylor and
Francis Group (http://www.informaworld.com), fronalirentet al, 2006, Experiment 1].

Together with our results obtained when categonieidtions between displays were
manipulated, this indicates that expertise peregraision ability and search, as soon as the
eye movement stage, botost important the perceptual sensitization is dependent upon
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teleological constraints relative to higher-ordegmitive goals. A daily conceptual behaviour
relying on relational invariants of the visual grgenerates a search for information that is
embodied in specific motor patterns of the eyes.

CONCLUSION

In the theory and experiments discussed in the tehaperception and discrimination
abilities were conceived as: i) being dependennupe manipulation of categorical features
of the visual display, ii) relying on eye movemeritimt embody the task goals usually
associated to the processing of such stimuli @ixe production of a conceptual response). It
is then possible to see cognitive expertise (iringdsport expertise) as a process that
penetrates perceptual systems. A good candidatexjoiaining the acquisition of a skill
subject to give rise to such a pattern of result‘lsarned differentiation” of visual
stimulation (Gibson and Gibson, 1955). Actually, @@ not think that symbolic models that
have been developed for chess expertise can bedpptectly to sport expertise. Some
earlier studies in chess reported that expertdodetrease the number of their eye fixations,
fixate between related pieces, and increase theiteptual span (Reingold and Charness,
2005). This might be interpreted in the mainstrexpertise framework. Since the pioneering
work of Chase and Simon (1973), it is proposed #xgerts distinguish from less skilled
people in the way they “chunk” visual stimulatiam their domain of expertise. These pieces
of encoded visual stimulation have been variablfjmeged in chess (see Reingold and
Charness, 2005) to be between 10 000-100 000 (SémdrGilmartin, 1973), 50 000 (Simon
and Chase, 1973) or 300 000 (Gobet and Simon, 26yever, as Varela and colleagues
(1991) put it, chess is like a “crystalline” wakl There are particular positions, with a finite
number of possible moves. Sport scientists hava terapted by the importation of chunking
models in sport, envisaging for example, the pnogning of eye movements on the basis of
abstract knowledge bases (see Williams, Davids\ditiams, 1999): “Traditionally, it has
been assumed that visual search strategies aremdstd by task-specific knowledge
structures stored symbolically in long-term memdityis argued that through learning a
performer builds up an immense knowledge base mérgance which can be used to interpret
events encountered in circumstances similar to ethpseviously experienced. These
knowledge structures direct the performer’s vissedrch strategy towards more important
areas of the display based on past experienceariextual information” (p. 153). However,
if symbolic knowledge bases are made of such a lamgeunt of chunks and higher-level
knowledge like templates (Gobet and Simon, 1996, that such a modelling &l-hocfor
sport, how many chunks and other symbols do expshisuld store whereas their
environment of expertise is not “crystalline”? thieir environment does not include discrete
spaces but rather continuous spaces (e.g., a baliketld)? Since any given situation is not
strictly the same as another, would an expert laaviafinite number of chunks to elaborate?
A computational explosion could then occur! We khithat perceptual sensitisation to
relevant parts of stimuli (such as perceptual zawsesponding to empty parts, between
entities) occurs but we do not envisage symbolarirej of “chunks” in memory. We
showed earlier that categorisation could be putvdod in order to account for perceptual
expertise while taking into consideration the bathdharacter of human resources, and that



Extending the Rather Unnoticed Gibsonian View tRatception Is Cognitive’ 11

perceptual systems are themselves constrainedkttt sevariants relevant to usual task goals.
In that, we join to the declaration of E. J. Gibgb891, p. 493): Many psychologists think of
cognition exclusively as problem solving, reasonnegnembering, and so on, however. | like
to point out that these processes begin with angedé on knowledge that is obtained
through perception, which extracts information thgh arrays of stimulation that specify the
events, layout, and objects of the world. The efoi approach holds that this process is a
direct one, in that the information is picked upheut the intermediary of secondary sources,
like inference from past experience or from premidgat are somehow inheritedE. J.
Gibson, p. 493). We do not state here that meataksentations do not exist or that they are
not useful, but their functional role can be quesd and might be even limited to a mental
simulation of affordances (see Laurent, 2008r such a proposal), giving rise to conscious
experience. That is, mental representations cathdngght of as subjective, emergent, and
synthetic end products and serve as a cognitivis barsthe conscious experience of the state
of subject-environment relationships. Though we ncanformally exclude symbolic
computational models of expertise from our empiriesults, we show that we need to
understand both categorization-perceptual abilitied cognition-eye movements couplings
as cases of coordinative structures within a laggrchological system. Furthermore, our
conception based on dynamic couplings is more parsous in terms of constraints that
weigh on the storage of information. Instead oftplasing the existence of an infinite number
of symbolic chunks (or at least a great numberabdisses of chunks”, and/or schemas or
templates) in memory, we define an enactment psobgsvhich thecoordination— such as
the ones evoked in the empirical studies reporiadis chapter — allows the pick-up process
and potentially, as a non-mandatory consequeneerttergence of a mental representation.
On the other hand, the Gibsonian approach hasesot Yery powerful in describing how
expertise emerges. The non-specific concept oefiatin” (a disembodied one) has been
repeatedly used by the Gibsonian tenants for expigithe psychological adaptation
underlying expertise. Alternatively, authors hawepwyed an “ecological approach” to
expertise in order to model the progressive attmerof experts to task constraints (Vicente
and Wang, 1998). Our approach is slightly differand complementary, in that we try to
focus on a new type of ecology: the ecology of psjmgical processes, at a microscopic
scale, can be made of other psychological, phygicdb or behavioural processes themselves,
and the attunement can concern the dynamic coupéhgeerthese processes in addition to
the coupling between the subject and the envirotahatructure, at the macroscopic scale.
We would like to extend the “ecological” frame dadrpeption to other contexts than strictly
motor ones. In our enactive view, we defend theaideat historic couplings between
perception and cognition can actively modulatedégection of invariants that are predictive
of adaptive behaviour. Indeed, beyond the ‘realmf’ nmotor production, the adaptive
behavioural output of experts can be ‘cognitivexlike.g., concept production describing the
game). Furthermore, each teleological dimensionttha got an adaptive value for the human
being, including physiological factors (e.g., thirsee Changizi and Hall, 2001, for an
illustration of basic needs effects on perceptia@gn weighs on the attunement of the
perceptual system to some invariants in order toinfermation that specify the state of
subject-environment relations with regards to tteptive needs. These multiple needs have
been embodied possibly at different periods of pighesis and certainly at different
moments of the ontogenesis and at different tinaéesqfrom learning during the first months
of childhood to the present of physiological vaoas, and from the macrodynamic scale of
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learning to the microdynamic scale of physiologichhnges). This is the reason why sport
behaviour, with its composite characteristics, udahg a wide panel of active determinants
(i.e., biochemical, biomechanical, neurologicalygh®logical, etc.), might be a privileged
field for the development of this paradigm of emattwhich should prove to be fruitful for
people ‘truly’ interested by complexity. By ‘compley’ we understand multiple components
that potentially can interact and assemble in défie coordinative patterns within a system.
Hence we do not state that disembodied symbolictimms such as hypothetic schemas,
templates or chunks ‘pilot’ an enslaved embodiedsegmotor system. Neither do we
hypothesize that sensorimotor loops are sufficiergive an account for expertise, as if all
adaptive behaviours could be restricted to the gasfgmovement and to perception-action
coupling. We suggest adopting the enactive persgefbr improving our knowledge of
interactions between cognitive and sensorimotoradyns, as well as in order to better
understand the multiple factors underlying expeatdviour in the framework of a single
theoretical system.
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