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Why motor simulation cannot explain affordance per ception

Abstract

According to several authors in psychology and ostiences, our ability to perceive
affordances is subtended by motor simulation mdsh@n Such mechanisms provide
dynamic representations of feasible actions, thuebkng to scale the surrounding
structures on the behavioural repertoire and ctipacsupported by our body. This
attractive hypothesis has been taken up in rohdiicbuild intelligent systems able to
determine in advance if a given action would becessful given the current state of the
environment and their own skills.

Several arguments however suggest that the motoulaiion framework is not
sufficient to explain affordance perception). if rests on a misunderstanding of what
affordances are: not actions that are currentlgibée, but actions that are possiblie) (
it is computationally unrealistic: motor simulatiois too costly in terms of
computational resources to explain how one cansagemspectively to actions that are
potentiated by surrounding structuras;) (it only covers the part of the perceptual field
within the scope of our attention, but the afforcesiwe perceive do not reduce to the
object or state of affairs our attention is focusedat timet; (iv) it can only work if a
first layer of affordances is available: motor slation cannot explain affordance
perception, because its very functioning presupposeich perception. Other
mechanisms must consequently be hypothesized.

Keywords
Motor simulation, mental imagery, sensorimotor eatioh, affordance, visual
perception, robotics.

1. Introduction

Motor simulation is undoubtedly a successful conc&pe range of cognitive skills it
could be involved in has considerably expandedesitsfirst use in the field of motor
control theories, and most researchers nowadaysnagsthat it plays a prominent role in
processes as diverse as motor control and motanipig (Johnson, 2000; Jeannerod,
2001), mindreading (Gallese & Goldman, 1998; Decktyptevens, 2009), language
processing (Pulvermiller, 2005; Wheeler & Bergefl1®, imitation-based skKill
learning (Goldman, 2005) or tool-use recognitionh@@Bon-Frey, 2004; Witt el al.,
2010).

The range of cognitive skills covered by motor detion has still expanded in past
years with the claim that motor simulation mecharsiscan also explain how one can
develop perceptual knowledge affordancesi.e. behavioural opportunities potentiated
by the objects and structures of the environmemirb&ini & Adenzato (2004), for
instance, state that the representation of objectelation to the type of action that
[they afford] an interacting subject’ proceeds frden mechanism of as-if neural
simulation: while observing an object, the neusatem is activated as-if the observer
were interacting with it’.

In the field of neuropsychology, this theoreticabgosition — that we will refer
hereinafter as the simulation theory of affordame¥ception (STAP) — was first
formulated by Marc Jeannerod (Jeannerod 1994, 2P00Q3; Jeannerod et al, 1995).



According to Jeannerod, the function of motor smtioh is ‘not only to shape the
motor system in anticipation to execution, but dts@rovide the self with information
on the feasibility and the meaning of potentialiaw’ (Jeannerod, 2001). Following
Ungerleider & Mishkin (1982) and Goodale & Milnek992), Jeannerod distinguishes
two visual information processing pathways: (i)eanantic pathway, processing object
attributes for action-independent tasks, as praggedescription or naming; and (ii) a
pragmatic pathway, building action-related représgons, i.e. ‘representing objects as
goals for action’ (Jeannerod, 2003). The pragmatthway enables the brain to
represent the action possibilities available ativerg moment. By simulating actions
directed to objects, e.g. reach or grasp actions able to determine in advance if such
actions can be done.

The core principle of such an idea is not new. KgnrCraik (1943), known to have
laid the conceptual foundations of the computo-sylinbapproach to cognition and
mental model framework, already considered simutah basic means for cognitive
systems to model processes taking place in their@mment, predict future events and
organize their behaviour in a proactive way. InikCsaopinion, the better way to predict
the outcomes of a process is to “play” it in adwantet our brain does not have the
resources or time required for a full-scale achnemet, as a result only a simplified
model of the real process is played and it is playetually, through pure symbolic
means. ‘If the organism carries a “small-scale nfioofleexternal reality and of its own
possible actions within its head, it is able toduy various alternatives, conclude which
is the best of them, react to future situation®teethey arise, utilise knowledge of past
events in dealing with the present and future, iarelery way to react in a much fuller,
safer, and more competent manner to the emergenhieh face it.’ (Craik, 1943: 61)

Since Jeannerod’s early description of pragmafresentations, STAP hypothesis
has been refined and defended in more or lessgsfioms by several researchers in
psychology and neurosciences (de’Sperati & Stud®8y, 2000; Tucker & Ellis, 1998;
Gallese, 2000; Ellis & Tucker, 2000; Tucker & EIIi2001, 2004; Hesslow, 2002;
Grush, 2003, 2004, 2007; Garbarini & Adenzato, 200dper et al., 2006; Cisek, 2007,
Coello & Delevoye-Turrell, 2007; Witt & Proffitt, @08; Delevoye-Turrell et al., 2010;
Caligiore et al., 2010; Sinigaglia & Rizzolatti,2D Ellis et al., 2013) and in the field of
robotics (Mdller, 1999; Ziemke el al., 2005; Hessl& Jirenhed, 2007; Hoffman, 2007,
Erdemir et al., 2008; Schenck, 2009; Schenck e8l2). STAP has especially been
used to explain perceptual access to affordandatedeto manual prehension process:
how reachability and graspability of objects lochie the peripersonal space can be
perceived. In addition, it was radicalized by aushas Garbarini & Adenzato (2004),
with the claim that motor simulation the only wayto develop knowledge of action
possibilities made available by objects.

Needless to say, STAP hypothesis addresses impdinoretical issues. The ability
to perceive what actions are achievable in therenment and to categorize objects
accordingly is undoubtedly an essential cognitikd §n ecological context: to react
correctly to situations, we must be able to anétagpwhat we can and cannot do given
the available surrounding structures. We must apunsatly possess a precise
knowledge of our behavioural capacities and attiemds of those capacities to
situations, objects and states of affairs.

The problem is however to determine if motor sirtialais requested to develop such
knowledge. When considering the core function ef $hmulation mechanism, STAP’s
claim appears justified: a virtual achievement ofians (Decety, 1996a; Jeannerod,
2001) seems to be a straightforward means to eeathair feasibility and anticipate



their consequences in a given context, i.e. toessgrt and evaluate counterfactuals, and
categorize objects accordingly.

Yet this claim is less obvious than it seems wraking carefully into account the
empirical data available and the nature of what pegceive when we perceive
affordances. STAP probably looks convincing att faight because one tends to think
that affordances being merghpssibleactions (we are not currently performing those
actions, wecould perform them), they necessarily need to be siradl&éd be conceived
or perceived, i.e., to have a cognitive realityt Bunk about it: do we really have to
simulate the actions we could perform with thistlbat structure to perceive such
structure as enabling those actions? When we peraeichair — an object affording
sitting behaviour — is our brain playing covertietaction of sitting on this chair? In the
following, | will present several arguments thaealy challenge such claims and
weaken STAP’s explanatory significancé) if rests on a misunderstanding of what
affordances are: not actions that are currentlgibée, but actions that are possiblie) (
it is computationally unrealistic: motor simulatiois too costly in terms of
computational resources to explain how one can gaowledge of actions that are
potentiated by surrounding structuras;) (it only covers the part of the perceptual field
within the scope of our attention, but the afforcesiwe perceive do not reduce to the
object or state of affairs our attention is focusedat timet; (iv) it can only work if a
first layer of affordances is available: motor slation cannot explain affordance
perception, because its very functioning presuppeseh perceptidn

These arguments do not demonstrate that STAPSs mlitself; they only show that
its scope must be reconsidered. Motor simulatiompriably centrally involved in
situations where an explicit evaluation of actfeasibilityis engaged (that is, situations
where what can or will be done is for the main @dready decided), but it cannot
account for possibilities for which such assessnwelacking, i.e. the greater part of the
affordances we are aware of. Other mechanisms eonsequently be hypothesized.

It should be noted that it is not the aim of th&per to propose any model of such
mechanisms. Our objective is to demonstrate why BST#\ not enough to explain
affordance perception, it is not to explain howoedfances are perceived. In that respect,
our contribution is threefold: (a) we propose a enlimited scope for STAP, which in
our view makes its claim more consistent; (b) weppse to distinguish between (here
and now) feasible actions and possible actionschvisean help to clarify the current
debate on motor simulation and affordance; (c) wep@se a new perspective on the
function of motor simulation in the cognitive meaoisans underlying the awareness of
what can be done in the environment.

2. Affordances cannot be reduced to currently available action
possibilities

A first argument that can be made against STAReel@ the meaning of the concept
of affordance itself, and posits that affordansedafined by Gibson and his followers,

! The hypothesis that motor simulation is necessaryaffordance perception is also challenged by
neuropsychological data. For instance, Negri €280107) have described post-stroke apraxic patiwhts

are severely impaired in using or mimic the usecommon objects — what suggests that brain
mechanisms responsible for motor control are ingolir but can still recognize them and identify thei
functional properties, and other patients showingreetric patterns of performances. As the authors
explain, those data suggest ‘that the processesestbg object use are not necessary in order to
recognize and understand objects, and vice vefddiough important, our claim in this paper will
however not lean on such data, preferring insteagefundamental issues.



is simply not compatible with the use made by STARs claim can be supported by

the two following statements: (1) affordances aoé nepresentations; (2) affordances

refer to actions that are possible in principledaeferent system, not to actions that are
currently feasible (can be performed here and romthis system.

A constitutive aspect of STAP is the challengingsithson’s conception of affordance
perception as direct, i.e. not mediated by reptesemal content or inference
mechanism. According to STAP, the perceptual acdessactions afforded by
surrounding structures is mediatbg dynamic motor representations relying on the
same neural processes as effective motor execufienexplained by Modller, ‘the
“utility” of objects is not directly “offered” byhe external world, but determined by the
generation of sensorimotor hypotheses based orseheory input’ (Moéller, 1999).
STAP thus ‘replaces thairect perception of affordances by a mental simulatie@cess
based on internal models’ (Schenck, 2009), and addkird term to the relation
between action and perception (Jeannerod & Gallagi®2; Garbarini & Adenzato,
2004).

However, the question arises as to whether STAP®tgrs and Gibson are really
talking about the same thing. Can we still speakffifrdances once admitted that they
are (internally) represented?

A point frequently made by Gibson and his followésthat affordances are true
physical (although relational and dispositionalpperties of the physical reality
(Gibson, 1986: 140-141; Turvey, 1974, 1992). Tlistence does not depend on the
individual's current needs, or attention and petiogpprocesses (Gibson, 1986: 138-
139), and they cannot be equated to a kind of rheepaesentation, e.g., instrumental
or functional representation (Chemero & Turvey, 200The use STAP supporters,
typically authors like Ellis & Tucker (2000), mals the notion of affordances is
consequently not gibsonian: undoubtedly, the fatibn effects they observe suggest
that in a way or another ‘seen objects potentiatarme of actions associated with
them’, but calling affordances theepresentation of the motor patterrtbat are
automatically activated during the visual procegsof e.g. reachable or graspable
objects is a misunderstanding (see Michaels, 2083).

However, this is not the point | would like to ission here. In my view, another
crucial feature of affordances, related to theiryveature of beingmerely possible
actions, is missed by STAP. Affordances, althouglative to some characteristics,
dispositional properties or potential behaviourstleé individual (what ecological
theorists call his “effectivities”), are not condited in their existence by the actual
realizability or evenavailability of those behavioufsAfforded actions — e.g., climbing
stairs — have the subject’s effectivities in tr@nditions of actualisation: they are only
possible given those effectivities (Turvey, 1993)t they remain possible even if such
conditions are not immediately fulfillable. StaaBord climbing, even if | cannot climb
them right now?. They afford climbing for systems able to climb thémsituations
where a climbing behaviour is actualizable. In shaifordances refer to “could”, not to
“can” actions: the resources that the environmdfar® exist — and can therefore be
perceived — whether or not currently exploitablety individuaf.

% To the extent of my knowledge, this point is nigthtighted as such by Gibson and his followersmiy
opinion, it is nevertheless in line with their cie.

% Even more radically, one could defend with Miclsag003) — and against authors as Kadar & Shaw
(2000) —that the affordances we perceive do not have tegsssany counterpart in our own behavioural
abilities.

* This claim probably does not apply to all kindsaffordances. For instance, it could be stated ahat
affordance as reachability of objects necessaeilgrs to the possibility of reaching the objectsehend
now, given the relative position of our body and tlach of our arm. Current exploitability would ibe



Why is this conception of affordances not compativith the claim made by STAP
supporters? The simulation-based affordance peoteptocess described by STAP is
clearly centred on the current characteristicaasion and dispositions of the individual
performing it. Motor simulation is used to deterewhether an action is feasible under
the conditions specified by the current input (eogtic signal), given the current state
of the body (e.g., the position of the arm), notkether it is feasible in itself or, say, in
other specified circumstances. Therein lies théblpra: a process determining if the
action of making use of an object is feasible imrent circumstances cannot decide
whether this object has or has not the relatedrdditce. As explained above, its
affordances do not depend on what can be done nght Motor simulation thus
appears inappropriate to mediate perceptual adoesdfordances. The only thing
simulation can do is to determine whether a spagtifaction taking advantage of a
specified affordance will be a success or a faigiven current circumstances.

Supporting this view, recent studies have shown tha observation of graspable
objects triggers activity in the motor cortex omihen objects fall within the reaching
space of the subject, suggesting that motor sinonla not involved for objects located
too far to be grasped (Cardellicchio et al. 20EE also Costantini et al., 2010, 2011).
Yet this is not because the object is beyond rélaghit is not graspable and perceived
as such. From the moment that an object has seitatdperties — e.g. size, form,
material — it affords grasping, whether within @ybnd reach.

For thesake of clarity, two kinds of “potential actionsbrisequently need to be
distinguished when analysing perceptual access-ttakbed affordances: (a) actions that
arepossible in principlewith the object (for a referent system), everuits actions are
currently unavailable (the cup is graspable evdnaiin too far to grasp it); (b) actions
that are currentlyfeasible (or assumed to be) given our position and stdte ¢up,
which is located within the reach of my arm, cangoasped). The latter kind can be
regarded as a subset of the former.

Although necessary to delineate the exact scop8T#P, the previous criticism,
however, remains of limited impact, when takensolation. Because it foremost deals
with the meaning of the affordance concept, regisor simply challenging this
meaning is sufficient to overcome it. One may imrtipalar reject the previous
considerations precisely because they promote aeption of affordances too
independent of the situation, needs, goals, andahstates of the individual. After all,
if, as stated by Gibson, affordances are not isitiphysical properties, but relative to a
system able to exploit them, should we not holdt ttiey only exist when the
circumstances for their exploitation are met,when they are currentlgasibl® What
is the point in claiming that the cup is catchateprinciple”, if it is catchable only
when located at the correct height and grasp distaand because | have hands to catch
it? We could however expatiate on these issuesaféong time, each of the two
perspectives described having advantages and @distadyes (Michaels, 2003). The only
thing we need to acknowledge at this step is tpassible” and “feasible” actions are
two distinct categories, and that STAP probablylesigely covers the latter.

that case a constitutive component of the affordaBait this is clearly not the case for other typés
affordances: a given solid surface affords supfoorstanding and walking even if | am not in pasitito
use it or — more radically — even if | am, for aeasonunableto use it (I might be paralysed). For the
present purposes, this question can however reopsin.



3. Insights from robotic research

Another set of arguments challenging STAP hypothean be drawn from the robotic
research literature. As mentioned in the introductiSTAP is not only defended in the
field of neuropsychology, several attempts havenbewde to use the simulation
framework to provide artificial systems with categation skills supporting
anticipation of behavioural possibilities affordbyg objects (Mdller, 1999; Ziemke el
al., 2005; Hesslow & Jirenhed, 2007; Hoffman, 20Bidemir et al., 2008; Schenck,
2009; Schenck et al., 2012). Assuming that ‘memtalgery could be the basis for the
detection of affordances in visual perception’, &ghenk et al. (2012) have used motor
simulation algorithms to enable a mobile robot ppad with a camera to distinguish
between types of obstacle arrangements: pass-tnaiolg versus non-pass-through-
able corridors (dead ends).

The success of STAP in the field of robotics islgascplained: building robots able
to detect affordances would have indisputable pralchbenefits, e.g., for army or space
clones desigh But application issues are not the only reasog SHAP hypothesis is
attractive for roboticists. The idea, which wastflormulated by early Al theorists, like
H.A. Simon (1969) and H.L. Dreyfus (1972), is nowlhknown: artificial intelligence
systems design can be considered an empirical ohéthtest theoretical hypothesis on
the nature and mechanisms of cognition. If youlmaild a robot whose behaviour relies
on motor simulation and which behaves as livingtesys perceiving affordances
behave, you will bring empirical support to thedisethat motor simulation is the kind
of information processing mechanism such systeragaidetect affordances.

However, as will be shown hereafter, achievemeritgoboticists are far from
providing such support to STAP, quite the contraryfact. This is not to say that
engineering failures cast doubt on the theoreteavance of STAP. Building machines
reproducing natural cognitive processes can fail focceed) for a lot of extra-
theoretical reasons. As far as | know, attemptSDAP roboticists were in fact rather
successful. The point | want to make is somewhétréint: the attempts of roboticists
to build machines able to perceive affordanceslehgé the claims made by STAP
because they highlight concretely some implememagroblems such hypothesis is
faced with. This is the reason they are considénethis paper, regardless of their
failure or success.

3.1Motor simulation is neither motor imagery nor sensorimotor emulation

Before discussing the achievements of roboticistsne terminological remarks on
the meaning of the concepts of (a) mental imag@ry, motor simulation and (c)
sensorimotor emulation, are necessary. Indeed, regstarchers in robotics confound
motor imagery, which is a kind of mental imagerythwnotor simulation, and they talk
of motor simulation when they think of sensorimatanulation.

(a) As the name impliesjental imagerys an imagery process, and is consequently in
a way or another related to images. This is naay that it is an intrinsically visual
process: mental imagery can clearly encompass dhtrilsution of other modalities:
you can imagine you hear a sound or feel sometbyntpuch (for recent reviews, see
lachini, 2011; Madan & Singhal, 2012). In principlee could assume that such a
process is either explicit, for instance when yoasciously imagine you rotate your
hand to catch an object, or implicit, i.e., is motompanied by a conscious display of
the events, objects or states of affairs beingessgrted. Most STAP roboticists and

® For a recent review of the use of the concepffofdance in robotics, see Sahin et al. (2007).



authors such as Grush (2003) make use of the nofionotor or mental imagery to
refer to robotic simulation processes, which, as &8 we can judge, are not
accompanied by awareness. But for sake of precisisnprobably better to hold that
imagery involves by definition a conscious exper&nf there is no awareness of the
process being simulated, it is simply not imagéry.say it metaphorically, an image
needs a screen to be displayed. In the rest gbdper, we will consequently keep the
concept of mental imagery for conscious procesdesmagining something (i.e.,
imagination in the usual sense).

(b) Motor (or action) simulatiorrefers to a quite different process, namely a dyoa
representation of body activity and interactiomsoinsequently involves a model of the
body, for instance its biomechanical structure,capacities and the energetic cost of
actions, and possibly a functional representatiotoals or other artefacts and external
resources we can use to reach a goal. Unlike mangaery, motor simulation is not
necessarily a conscious process. According to mestoscientists, motor simulation
plays its role in motor cognition in a purely ingti way (Parsons, 1994; Decety,
1996b; Jeannerod & Frak, 1999). You can be awariefmotor simulation process
being engaged (more precisely: motor simulationltare a conscious output). This is
typically the case in mental rotation tasks that body-centred: you can imagine
yourself rotating your hand. You can also imaginat tyou use a tool to do something
or that you walk from one place to another. Howgsach experience probably implies
some additional processes compared with purelyigmphotor simulation (basically
the mechanism making us aware of the simulatiofopeed). It is consequently better
to use the concept of motisnagery— a kind of mental imagery process — to refehto t
former.

(c) Sensorimotor emulatiors still a different thing. It relates to the ampiation of the
changes in theensory inputhat a given motor action will (or at least shqukhd to,
e.g., the optic expansion flow occurring during @ambulatory movement or the
displacement of a given pattern in the opticaldfidllowing eye movements. It is a
pure “calculation” process, and does not need amgaousness or even intentional (in
the broad sense of “aboutness”) component. Emglai@ forward models, and a lot of
artificial intelligence systems make use of suchdei® to regulate their activity, for
instance systems for ship navigation or robotic sacantrol (Grush, 2003; Schenck,
2009). Sensorimotor emulation has thus a quiteefit meaning than motor
simulation. In a way, sensorimotor emulation isae/involved in motor simulation (as
well as in mental imagery: in mental rotation task®e can imagine what modifications
in the visual appearance of the object will be et by its rotation), but motor
simulation works at a more macroscopic and soulaited level of representation. What
is simulated by motor simulation processes has e maoncrete” format than raw
sensory input or signals: motor simulation deal$ winetic components of actions and
spatial and dynamic features of body and objectagig 2004).

Although they are frequently confused, motor siriafa must consequently be
clearly distinguished from mental imagery as welsansorimotor emulation) Unlike
mental imagery, which is explicit and does not sseely involve a representation of
body activity (you can rotate an object “in yourab& to find its symmetric axis — a
classical task in mind games — without imaginingttiiou use your hands), motor
simulation can be — and is most of the time — inifpénd always works with models of
the body. i) Unlike sensorimotor emulation, which refers tbliad calculation process
of sensory inputs, motor simulation works with arengophisticated representation
format (broadly speaking: perception, not sensatiand the simulated action sequence
can be consciously experienced (we talk in thig cdsnotor imagery).



3.2Sensorimotor emulation is not sufficient to predict actions potentiated
by objects

On the basis of this conceptual clarification, msnfirst be emphasised that STAP
hypothesis refers in principle to motor simulatiot to mental imagery. Obviously,
you don’t have to explicitly imagine yourself siigi on this chair to perceive it affords
“sittability”: most often you “see” this “sittabtly” (or you “know” the chair is
“sittable”: you take for granted that it could b&ed to sit) without even paying attention
to it. Mental imagery could also lack some chanasties of action representation that
seem essential to build realistic representatiars (o represent feasible, not fanciful
actions), as sensitiveness to biomechanical caontraAs outlined by Johnson (2000),
‘transformations of visual mental images are welbwn to follow the shortest path
irrespective of such boundariés’

The same kind of remarks applies in theory to sem&dor emulation. If an
information processing mechanism must be able teraene what actions are feasible
in the environment, it cannot merely emulate thesegy input changes that should be
induced by the motor command. Yet, as mentionedhé previous section, motor
simulation and sensorimotor emulation are freqyeatinfused by STAP supporters,
especially in the robotics literature. Schenck @0&nd Schenck et al. (2012), for
instance, claim that affordance perception reliesemulation mechanisms predicting
the sensory consequences of motor commands (wkat ithproperly call mental
imagery or mental simulation process), and thah suechanisms can empower robots
with the ability to perceive what their environmeaifords, for example dead end
corridors, and regulate accordingly their behavigabots do not have to enter such
corridors to “understand” that they will confronitiva dead end; by processing the
current input of the camera with emulation algon#) they can directly categorize the
corridor structure as not-pass-through-able.

However, predicting the sensory consequences ofvangmotor command (or
sequence of motor commands, whatever), i.e. thagdsain sensory input, say in the
optic array, that this command should produce,lesrty not sufficient to assess the
feasibility of a given action in a given contextctions that can be undertaken with a
given object cannot be predicted on the sole bafsite anticipation of changes in
sensory input. As Cisek (2007) explains, ‘specifama of actions [...] requires
information about the spatial relationships amoieats and surfaces in the world,
represented in a coordinate frame relative to tientation and configuration of the
animal’s body’. To represent an action sequenceyrasping an object or using a
wrench, the system must take into account its alpatynamic and physical properties,
for instance the position in space and\bkcity of the arm during the different phases
of the action, or the muscular effort that shoukl grovided to master the inertial
properties of the limb or the weight of the took We have seen in the previous section,
only motor simulation represents such propertieerwiplaying in advance action
sequences. Only motor simulation has consequendyrépresentational resources to

® This claim could be discussed. Several studies lsaown that some of the constraints on overt actio
were preserved in motor imagery, as Fitt's lawioretand energetic constraints on body displacement
(Decety & Jeannerod, 1996). Decety & Sommervill®0@) thus claim that ‘one reason why motor
imagery allows us to plan actual actions is thatadbnstraints of the physical world shape our image

a manner similar to how they shape our actionswei@r, those observations do not demonstrate that
mental — or motor — imagemecessarilycomplies with such constraints. After all, one daragine
oneself performing “impossible” actions, as flyirgnning as fast as a car or lifting mountainspoe

can e.g. imagine that one’s arm can stretch tchaditant objects as in Witt & Profitt (2008)’s dyu



predict action feasibility. Sensorimotor emulatiorecisely works at theensorimotor
level, where the information necessary to evalgatd feasibility is not available.

3.3Predicting actions in an uneventful microworld is not the same as in an
unpredictable reality

Another kind of difficulty STAP is faced with is Ie¢ed to the problem of the
computational resources that should be availab&nalate affordances related actions.
This can be understood from the reflections progdseHesslow (2002). According to
Hesslow (2002), motor simulation can be used toesgnt and assess the feasibility of
extended behavioural sequences. ‘Once the mechaoiisanticipation is in place,
perceptual activity generated by a simulated actiam serve as a stimulus for a new
response, and so on [...], thus enabling long chahsimulated responses and
perceptions.” The problem-solving process involuetasks as the “Tower of London”
Is a typical example of such a mechanism. One nmayekier be sceptical about the
extension of this hypothesis to ecological situgiof interaction with the environment.
The real world is far more complex than the “TowérLondon” microworld, where
possible configurations and actions can be coumtedthe fingers of one hand.
Obviously, the number of iterative steps the siioiaprocess can achieve should be
drastically reduced because of the combinatoriglaston of possibilities implied by
the unpredictability of the real environment. Adedlly, in a sense this unpredictability
only applies to details; the overall scenario isally uneventful. But this is not this
scenario that the simulation process must antieip@d determine whether a given
action is feasible in the situation, e.g. grasmangobject, the motor simulation process
must reflect accurately the properties of the batdyposition in space and grasping
capacities, as well as the current characterisfitke object in the environment: if not,
the prediction will prove wrong.

In fact, even in ultra-simplified microworld situams, the process of anticipation
quickly faces with computational limits. This isnsething Al theorists such as John
McCarthy and Marvin Minsky have widely shown whiktudying chess. The
computational resources ofl@eep blueare required when it comes to predicting the
possible game configurations and evaluate thedrést several steps ahead. In one way
or another, it is possible to anticipate the pabktés made available by a complex
situation. This is what we all do constantly. Arat this, we probably make use of
‘internal models’ of the behaviour of agents angeots, including a so-called naive
physics. But such a prediction relies on processash more (or maybe less) complex
than just emulating sensory consequences of actigmisally what Al researchers call
heuristics: clever methods to reduce drasticakysarch space.

Schenck et al. (2012)’'s claims about the functiostan simulation plays in action
anticipation meet the same kind of difficulties. eTlauthors oppose the motor
simulation-based control of behaviour to the clascomputo-symbolic approach in
Al, and claim that the latter ‘is successful in laa@ntrolled task domains with a
restricted or well-known set of objects, but lathes flexibility and adaptivity of human
vision’. The problem is that the simulation-bas@gpraach they promote suffers from
precisely the same limitations. As long as the taperates in a microworld where the
possible configurations of the environment and ghesible behaviours are in limited
number and known in advance, the actions that eaedlized given the current state of
affairs can be predicted using “motor simulatioffhings are nevertheless getting more
complicated if the environment gets more complex @@ action repertoire broader. A
reliable anticipation of the consequences of astioartainly remains possible when
only two alternative motor commands must be tesasdin the example proposed by



Schenck (2009) (although one quickly faces withoanlginatorial explosion when
pushing the simulation several steps in the futiBej if the system only has to decide
between two motor commands, it means that whatlabhspto (or can) do in the
environment is almost already decided. The behazioepertoire of a human being in
ecological context is far more complex, as the maimgrams that enable their
achievement.

The proposition that perceptual access to afforelne mediated by an action
simulation mechanism is thus confronted with a cotagonal reality principle. As long
as a limited number of actions have to be simulatedetermine what environment
structures make it possible to do, the idea remplassible, but if the repertoire of
actions potentially relevant in a situation is latea(as we can assume it is the case in
humans in ecological context), such a mechanism imore sufficient.

Moller (1999) was aware of that problem: ‘A drawkad the anticipation approach is
the time required for the selection of appropriatéions: the agent has to simulate a
number of sensorimotor sequences in order to fisegamence with a positive value that
is suitable for execution.” Hoffmann (2007) arrivegsa similar conclusion: the kind of
recursive search used in simulation algorithmgdamputationally expensive and prone
to prediction errors for large search depths. Tlsessorimotor anticipation by itself
cannot generate a behavior from sensory input Isyintg all possible movement
variants. Instead, other processes need to treggaitable movement plan.’

Notwithstanding, for the authors this problem igtipdly solved if the system is
provided with a mechanism enabling to associatectimeent situation (which acts, via
the sensors, as input for the simulation procesd)tgpical reactions. ‘That way, the
search space for the motor commands is restrictédhee effort in time is reduced: with
features indicating an obstacle on the right, tiukation will preferably test
movements to the left’ (Mdller, 1999). One can oafyee with such proposition, which
indeed seems to correspond to a quite faithful rgegan of our experience and
behaviour in the real world: the potential actiome envisage in a given situation
always appear constrained by our habits and somextoal knowledge of the situation
and place where we are. The problem is that suokiderations also imply a drastic
weakening of the STAP hypothesis. If the systeraaaly knows what the typical ways
to react in a given situation are, the biggest parthe path to explain how we get
knowledge of what can be done with surroundingcstmes (or cannot be: passing
through obstacles) has already been covered.

What previous considerations thus suggest is Heattechanisms described by STAP
already presuppose some perceptual knowledge ofatt®n possibilities made
available by the environment. This is the only w@yvoid an infinite regression. STAP
posits that access to affordances is enabled byidation process testing the feasibility
of the afforded behaviour. The problem is howevew to determine, for a given
object O, the actions (or, at another level of descriptithhe motor programs) whose
achievement should be simulated? If the systena@r&nows those actions, does it not
mean that it (at least partially) knows which affances are potentiated by the object?

Thinking about it, the solution to that Escheriaalgpem is quite obvious: a first layer
of affordances must already be available for théomsimulation mechanisms to work.
This point is evident once recognized that motanuation does not deal with
(intrinsically) possibleactions, but with (here and noweasibleactions. To determine if
an objectO supports the realization of a behavi@i of a behavioural repertoireC{l,
...,Cn}, for instance if an object can be grasped usitiguanb-index precision grip, in a
way or another the obje@ must already have been apprehended as belongiting to
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category of graspable objects, that is to say thects which suppotin principle the
achievement of such behaviour (solid objects withoertain range of sizes).

4. Affordances we are perceptually aware of do not reduce to affordances
we pay attention to

STAP’s explanation of our perceptual access torddiioces is also insufficient in
different respects when taking into account thenphgenological properties of this
access.

A first argument in this regard, still related teetproblem of computational resources
discussed above, is that the affordances we arecasfaat every moment are far too
many for their realization to be simulated by thaity, no matter if in series or parallel.
This point can be understood if we distinguish le&tw central and peripheral
perceptual awareness.

In empirical studies described by STAP supporterg. (De’Sperati & Stucchi, 1997,
2000; Tucker & Ellis, 1998, 2001, 2004; Ellis & Tker, 2000; Coello & Delevoye-
Turrell, 2007; Witt & Proffitt, 2008), the individl is usually confronted witlone
specific object he has to categorize or toward twhie must direct an action. But in
ecological circumstances — typically in the roonfsaohouse — this is not one, but
dozens or even hundreds of objects we perceivetai@r, at every moment, our
attentional focus is directed toward one singleeobjset of objects or process. We have
nevertheless a peripheral perception of other sading objects. We are peripherally
aware of their presence. And we implicitly know wkizey can be used for. In a way,
such awareness even applies to objects thatuasedeour peripheral perceptual field,
I.e., objects that do not appear but are nonethgagicipating in the situation. | do not
see the scissors lying on the desk behind my ekl rely on their availability: the
cutting action they enable belongs to my behavioiiedd. The same applies for any
usable object located in our close environment, which is within range. We know
that objects are available if we need them, ankmav (more or less) where they are
stored and how to find them. Without such periphkr@wledge, we could not know
that we must go into the kitchen to get a glaswatier, but into the living room for a
glass of scotch. Our perceptual awareness of whatls around us would reduce to the
sole part of the environment we are currently payattention to. If, as stated by
Garbarini & Adenzato (2004), ‘only by virtually exgting the action can we understand
the relational significance of the object, i.eg #iffordance it offers’, it is consequently
not one, but hundreds of action sequences thattoave processed to make us perceive
the affordances our environment makes available.

The problem of STAP is that it seems to reduceptireeptual field to the attentional
field, or at least to hold that only the objectsminich our attention is turned at tirhare
perceived as affording something, objects belongnghat Searle or other researchers
call peripheral awareness being not consideretisnmhanner (if having any perceptual
reality). But just as there is a central and agesral vision, our perceptual awareness is
divided into a central and a peripheral field. Wavéa the impression that we are only
aware of the portion of reality that is under dtitmmal spotlight, but this is a mistake:
we are constantly aware of the periphery, anddbigext or background contributes to
determine the content of that which is the subjéatur explicit perceptioh When | am

" This point was especially made by Husserl: eachgdeed object is given with an external horizadrisi
accompanied by a co-perception of other presergctdjand to which it is possible to turn. See e.qg.
Husserl (1950): §19.
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visually aware of the coffee table in the livingons, | do not perceive an object
insulated from the rest of the world. The tableoiiscisely perceived as beimg the
living room, which is in the house, which is in ttigy. The house, with all the objects —
and related affordances — it contains, is, so &akpco-perceived when | see the table.
The awareness — more or less implicit — of beingated in a certain place of the
network of familiar places the world consists ot@mpasses an awareness — more or
less implicit — of the behavioural resources magslable by that place. | know | am at
the office, in a restaurant, in the subway, ondtreet or at home in the living room.
The “concept” of living room as it occurs in my exgnce of being somewhere
includes the objects this place generally contamsh the actions they potentiate,
somewhat in the style of Marvin Minsky’s frarfles

One may retort that strictly speaking we only pemeehe affordances in the beam of
our attention at time, that such peripheral awareness is illusory, d@aths from our
certainty of being able to turn our attention te #lements of the periphénBut in this
case how to explain that we knevihereto turn our attention? Most importantly, how to
explain that when planning our behaviour we take actcount opportunities for action
provided by those structures that are not subgedirect perception? As Searle (2007)
explains, the proof that such peripheral elemearts a part of my conscious field is that
| can at any moment shift my attention to them. iBudrder for me to shift my attention
to them, there must be something there which | prasiously not paying attention to
which | am now paying attention to.’

5. Motor simulation is not requested for affordances already specified by
the structure of the perceptual field

Next, one may be dubious about the interest — dwod tognitive reality — of
simulating an action to evaluate whether it is aféal by the environment, when the
spatial layout, to reuse Gibson’s expression, fiscgent to get such knowledge.

Visual distance perception is a good illustrationvisual experience, the environment
is organized along a gradient of distance. Thigligrd enables to locate objects in
relation to our body, and assign to each a valuerms of accessibility: near means
accessible, far means not directly accessible. abiessibility can for instance be
specified in terms of walking time. Through the djemt of distance, we are thus
immediately aware of what we can or cannot do. T&jsso to say, explicit in the
appearing structure of the spatial layout.

Now, psychologists have long shown that the coméiian of this gradient proceeds
from the action of several static or dynamic opticaiables (binocular disparity, height
in the visual field, shadows and texture gradiaritsurfaces, relative sizes of objects,
parallax, etc.). These variables together conteibotdefine the position of objects in the
distance (Cutting & Vishton, 1995). Obviously, thisechanism does not need to
simulate the action of accessing objects to worku ¥o not have to simulate the action
of reaching for perceiving an object at ten messrdeing beyond reach. The same goes
for the reachability of nearby objects. The gratief distance enables a direct
apprehension of the (in)accessibility of surrougdsiructures.

This does not imply that motor simulation cannoirbalved in the visual perception
of reachabiliy. But it will only intervene when @h— more direct — reachability

8 Based on Heidegger's phenomenological analysisuofeveryday coping with objects, Turner (2005)
makes a similar claim: affordances participate irework and we never perceive them in isolation.
° A similar argument was used by O’'Regan & Noé (3G@kinst internalist approaches of perception.
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estimation mechanisms lose their reliability, @gen an object to be grasped is located
at the boundary of the arm reachable space. Supgadlts view, Coello et al. (2008)
have shown that transcranial magnetic stimulatibthe motor cortex only interferes
with judgments of reachability for targets locatgdhe limits of reachable space, which
tends to demonstrate ‘that action simulation wobkl required mainly when the
determination of what is reachable becomes ambgjudhe fact that the time required
for judgments increases substantially for visuabets located in this critical area
further supports this hypothesis (Bourgeois et24lQ9).

The same conclusion can be drawn from the anapfsike visual perception of the
solidity or impenetrability of objects. Seeing sdhieg as a solid object, seeing that
there is an impenetrable structure in front of aisable for example, meaisso facto
taking for granted that some behavioural possiéditire available (we can put objects
or sit on its surface), while others are neutraip@e have to walk around the table to
pass). However, as in the case of distance, itgslyhunlikely that the perception of
suchaction possibilities and impossibilities relies amrmotor simulation mechanism.
Obviously, | do not have to simulate the contadiMeen the object and my body to
anticipate its impenetrability and related affordesn What would be the point? As
shown by Gibson (1958), the optical array is alyeadeliable resource to specify solid
surfaces. Moreover, impenetrability is not someaghione anticipates (except in
situations of reduced vision, as in the fog), kanething one sees. As the saying goes,
seeing is believing, and seeing somethasgsolid means precisely counting on the
possibilities potentiated by the solidity of the jeatt, taking for granted their
availability.

Of course, the optical field taken as such is ndtigent to convey knowledge of
what can be done in the environment. An object bélreachable only if it is located
within the reach of a system possessing a reacbapgcity. ‘Reachability is co-
determined by the characteristics of the objectthnde of the actor in terms of fner
capacity for action and situation in the environthéRochat et al., 1999). Similarly, a
solid object will only afford contact for a systdraving an impenetrable body. Yet, our
body can serve as a metric to calibrate the optiell without the mediation of motor
simulation (see e.g. Mark, 1987; Warren & Whang87)9 For reachability, the only
requisite is to “remember” the reach of our repgaien movements using optical cues,
i.e. to use the grasping distaree defined in the optical fields a metric to calibrate
visual distance$ (the same mechanism could be used to calibratsizieeof objects
using the metric of our hand grip span). For spfidit is to associate some optical
invariant, as the opacity of surfaces, with theperty of impenetrability.

A similar claim could be made for affordances whibt not seem to be directly
accessible through spatial layout. For examplesicien a lake covered with ice and the
perception that its surface is strong enough t@aermur body: we perceive the surface
as affording standing and walking. Do we need mousate the activity of standing and

19 Coello & Delevoye-Turrell (2007) have observedttidien modifying the apparent extent of the
reaching capacities of subjects by providing theith & fake visual feedback of the distances theit a
can reach, the space they perceive as reachaldeargonstriction. The authors explain this resyilt b
claiming that the perception of objects’ reach#&pitelies on a motor simulation process using imdér
models of the biomechanical structure and actigralodity of the body: the visual bias alters thedwslo

of the body used to simulate actions, and thugsaltee objective distance to which objects must be
situated to be perceived as affording reaching. él@w, this observation does not prove that motor
simulation isnecessanyfor reachability perception, and it does not epeove that motor simulation is
responsible of this distance constriction phenomeffghat this study shows is only that our perceptio
of reachability is calibrated on our action cagasit and that those capacities play a metric nolthé
determination of visual distance.
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walking on the lake (using internal models of oodys weight and naive physics of
the ice’s resistance) to perceive such affordantbs?dea seems absurd. It is clear that
other mechanisms support perceptual access toasimcdances, typically simple visual
cues: the aspect of the ice, its colour, transggreih it seems thick, if it is already a
little melted, and even more importantly, if othare already standing on it.

6. Conclusion: motor simulation does not explain but presupposes
affordance perception

What previous considerations demonstrate is thabmmmulation mechanisms, as
described by STAP supporters, (1) only apply toeotsy we are explicitly paying
attention to, not to all objects and related affmrces we are aware of at ting€2) can
only work if some perceptual knowledge of the actpmssibilities made available by
those objects is already available. Far from expigi affordance perception, the motor
simulation framework thus presupposes such peepti

It does not mean that motor simulation has no tolplay in the cognitive process
enabling the perception of action possibilities maailable by the environment.
Motor simulation is probably centrally involved whan explicit evaluation of action
feasibility is engaged, and in critical situations, e.g. wheanobject to be grasped is
located at the limits of reachable space (Coelkl.eR008).

The investigation proposed in this paper also sstggéhat several categories of
actions need to be distinguished to clarify thebfgm of how we perceive what
surrounding objects affordr)(actions that are in principl@ossiblegiven the properties
of the object (this cup is graspable for a standarmhan hand);ii() actions that are
immediately feasibld.e. feasible here and now given my state and situagtative to
the object (the cup within my arm’s reach is grédpg (ii) actions that arenediately
feasible i.e. which are only feasible if other actions farst performed (the cup beyond
my arm’s reach is graspable only if | first movesdr to it); {v) actions that are
potentially relevantin the situation, given my current objectives, aapes, resources
(grasping this cup is relevant whenever | planrtokdmy coffee). Perceptual awareness
of what we can or cannot do in the environment wmag or another involves all those
action categories. But our access to each certeglis on quite different mechanisms.

Possible actions
what the object affords in principle

immediately
/ here and now
Feasible actions
in the current situatio;& Relevant actions
mediately fo reach a given objective

only if other actions
are first performed

Motor simulation mechanisms

Figure 1 — Types of actions processed by the mechanismsosiimgp our perceptual awareness of
affordances.
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If motor simulation plays any role here, it canyoheé in the mechanisms assessing if
a given (possible) action supported by a givenrenvnent structure igeasiblein the
situation, and it seems reasonable to assumenyennlith Moller (1999) and Hoffmann
(2007), that motor simulation will only be engadgecevaluate the feasibility of actions
considered as contextually relevant (see Ciseky 2t a similar claim). Those two
categories of action have to be clearly distingeishDetermining what is feasible
(immediately or with a delay) is totally differefrom determining what is potentially
relevant in a given situation. The relevance ofaation above all depends on its
capacity to fulfil some specified objectives (i.to, be the means to achieve a goal).
Besides, the fact that something cannot be done doemean it is not relevant. Not
currently feasible actions can be totally relevanteach one objective, and taking into
account such actions could be important in decidithgit other resources than those
currently available shall be provided to this ehtichaels, 2003).

Strictly speaking, motor simulation thus cannotvte knowledge of what is possible
to do with objects (affordances). The best it calh is whether an action already
identified as possible and relevant can be perfdrmgresent circumstances.
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