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Doestopologicalperceptionreston
amisconceptionabouttopology?

RobertoCasati

Inthis articlel assessomeresultsthat purport toshowtheexistenceof atypeof
‘topologicalperception’j.e., perceptuallybasedclassificationoftopologicalfeatures.
Strikingfindingsaboutperceptionininsectsappeartoimplythat(1)configural, global
propertiescanbeconsideredasprimitiveperceptualfeatures,and(2)topologicalfeatures
inparticularareinterestingastheyareamenabletoformal  treatment.ldiscussfour
interrelatedquestionsthatbearonanyinterpretationoffindingsabouttheperceptionof
topologicapropertieswhatexactlyaretopologicabropertieswhatmakesthemglobal,
inwhatsensethequotedfindingsmakesthemprimitive, andwhatarethehopesof a
formaltheoryofperceptionbaseduponthem.lsuggestthatmathematicaltopologyisnot
thecorrectmodelforcognitiontopologicalpropertieshencethatsomeotherformalism
oughttobeused—aformof“internalizedtopology.”However,oncetheprinciplesofthis
typeoftopologyarespelledout,theymaynotbeasglobalisticasonemayhaveexpected.
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Manylogicallyindependent but coordinatedfactorsconstrainthequest forvisual
primitives. First,phenomenologytellsusthatthevisualsceneiscomplex,butatthe
sametimethattherearerecurringelementsoutofwhichcomplexitymaybebuilt
(Kanizsa,1979). Second,mathematicalmodels showhowit is possibletobuild
complexrepresentationsoutofrepresentationsofsimplercomponents(Biederman,
1987).Third, computationalarchitecturemakesitplausiblethatthecomplexityof
retinal input (providing pixel size informationabout properties at places)be

RobertoCasatiis 22 at 22.

CorrespondencetoRobertoCasati,22. Email: casati@ehess.fr

ISSN0951-5089(print)/ISSN1465-394X(online)/09/010075% 2009Taylor&Francis
DOI: 10.1080/09515080802703711


http://dx.doi.org/10.1080/09515080802703711
http://jeannicod.ccsd.cnrs.fr/ijn_00544211/fr/
http://hal.archives-ouvertes.fr

ijn_00544211, version 1 - 7 Dec 2010

76 R.Casati

organizedatveryearlystagesintoelementaldescriptorstoreducethecomputational
load of subsequentstages(Palmer &Rock, 1994). Finally, behavioral and
neurophysiologicalevidencefor specific, downtosingle-neuronsensitivity ~ to
relativelywell delineatedfeaturesof theenvironment hasbeengatheredoverthe
lastdecades startingfrom(Hubel &Wiesel, 1959).Butdothesecriteriaconverge
onasinglelist  of primitives? Theydonot haveto, of course;andfindingout
that what weexpect tobephenomenologicallyor computationallyprimitive is
not sobehaviorallyorneurophysiologicallywill makeforaninterestingdiscovery.
This is inpart theinterest of (Chen, Zhang, &Srinivasan, 2003) findingthat
small brains suchas those of the honey beesdisplay a sensitivity toglobal
configurationalproperties,inparticulartopological propertiessuchasthepresence
ortheabsenceof holesin2-ddisplays. It looks asif not onlybees areableto
distinguishbetweenconfigurationsthat differonlyintheirtopological  properties,
butalsotheyareabletogeneralizetotopologicallyequivalentconfigurationsthatare
rather different onmany other respects.Accordingto(Pomerantz, 2003), the
findings areinterestingfor tworeasons. Thefirst reasonis that thetopological
propertiesinquestionaregenerallyconsideredasrelativelycomplexandhardto
compute(Minsky&Papert, 1998)butatthesametimeareverydeepandrobust
properties of theenvironment—theyareinvariant under most transformations,
asopposed,say,tometricproperties, hencesensitivitytothemwouldhaveahigh
adaptive value. The secondreasonis that the mathematicsbehindtopological
featuresissufficientlywellunderstoodandformalizedaccordingly,asopposedtothe
relativelyinformalityofcharacterizationsofglobalfeatures,e.g.,theonefoundinthe
gestaltliterature.
Butwhatexactlyaretopologicalproperties,whatmakesthemglobal,inwhatsense
Chenetal.’s(2003)findingmakesthemprimitive,andwhatarethehopesofaformal
theoryofperceptionbaseduponthem?
LetusfirstbrieflyreviewtheresultsChenetal.’sexperiment. Honeybeeswere
trainedtochooseoneamongapairof ~ configurations:anO-shapedstimulusand
anS-shapedstimulus,say.Thentheyweretestedontheirabilitytodistinguishthe
O-shapedstimulusfromotherstimulithatareeithertopologicallynonequivalentto
theO-shape(suchasa A-shapeora f -shape)andstimuli thataretopologically
equivalenttothe O-shape(suchas a -shape)but lookdifferent as totheir
non-topologicalaspect.Beessucceededinmakingthedistinctionwiththefirstsetof
stimulibutfailedtomakeitwiththesecondset. Thisindicatesboththattheywere
sensitivetotopologicaldifferencesandthattheycorrectlylumpedtogetheritemsthat
aretopologicallyequivalent.
OneshouldnoteinthefirstplacethatthedisplaysusedbyChenetal.fortesting
honeybeeswere2-dpicturesrepresentingfiguresof different shapesandvarying
topological properties. Thereis, of course,amuchgeneral problemof using2-d
stimuliinordertodrawinferencesaboutavisual ~ systemthathasadaptedtoa3-d
world. But thereisalsoaspecificproblem: topologyin3-disnot automatically
mappedonto2-dtopology. A2-dimageliketheshapeof  theletterBcanbethe
projectionofa3-dletterOthathasbentoverinthemiddle.Hencefromsensitivity
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to2-dtopologyonecanonlyinferwithmuchcaretoacorrespondingsensitivityto
thetopologyof 3-dbodies; thisbyitself wouldquestionsanyecological-adaptive
considerations.

Theglobalityof topological propertiescanbecapturedintuitivelyinopposition
tothelocalityof ~ other features.Thedirectionalityof aline, for instance,is an
intrinsicallylocalmatter.Atpoinfpthelinehasadirectionthatisgivenbyitstangent
atp. Littledoesitmatterhowthelinelookslikeata(sufficient)distancefronp.
Ontheotherhand, thefact that thelineclosesuntoitself (likeacircle)orhas
terminations(likeabar)cannotbemadedependonthepropertiesofasinglepoint
ontheline; manyotherpointshavetobescrutinized. Inthissensetheproperties
studiedbyChenetal. areglobal, andappeartobethesubjectmatteroftopology.

Themainquestionariseswhethertheterm‘topology’  isusedinthelooseand
popularsenseof ‘rubbersheet geometry’ orbyreferencetoformal mathematical
notions. Theissueofcontrol inexperimental designreflectsthisuncertainty. Chen
etal.appropriatelypointoutthatitishardtotestfortopologicaldifferenceswithout
introducingsomenon-topological differencesinthestimuli: “thereseemtobe, in
principle,notwogeometricfeaturesthatdifferonlyintopologicalproperties”” (2003,
p. 6687). But fromtheviewpoint of mathematicaltopology, this is inaccurate.
Anopensphereandaclosedsphere—ortheir2-dequivalents,aclosedcircleandan
opencircle—havedifferent topological propertiesbut thesamemetricproperties
(sameradius, astheboundaryoftheclosedcirclehasnodimension).  Tobesure,
thisfactmaynothaveanyconsequenceforthedesignofvisual  teststimuli, asthe
difference between a closed and an open itemhas no visual counterpart
(dimensionlessitems,onemayargue, areunderperceptual discriminationthresh-
old). But thisbringsustoanimportant point. Whenwetalkabout topological
differencesinvisualdisplays,wemaynotbetalkingaboutthedifferencesthatarethe
subjectmatterofmathematical topology. Hencetalkingof‘topology’ requiressome
otherrefinement, shortofbeingloosetalk, especiallyifitistoprovidethe‘formal
theory’ that(Pomerantz, 2003)invokes.

Onemaysuggestthatsomethinglikeaninternalizedtopologycapturesthefeatures
wehaveinmind—suchastheabilitytosortoutobjectsbasedonthenumberofholes
theyhave(thedifferencebetweenthelettersBandO, havingoneandtwoholes
respectively)prtoassesstheequivalencebetweenfigures(say, theletterSandthe
letterl).Butherewehavetoexertsomecare,becausethetheorynowrequiresanew
notion,suchashole,andsomeaccountisneededofwhatitisforthevisualsystemto
processthefeatureofbeingaholeinsuchawaythatitcontributestotheexplanation
oftheperformanceofdistinguishingSorBfromO.

Toseethepointmoreclearly, considerare-interpretationofChenetal. (2003).
Fromtheviewpointofanintuitivetopology, thedifferencebetweenhavingandnot
havingoneholeisimpliedbythepresenceorabsenceofothewisualfeatures.Now,
if it weredemonstratedthat processingof thesefeaturesisavailabletothevisual
system,itwouldbepossibletoreassesstheclaimthattheglobalfeaturesinvokedby
Chenet al. andPomerantz(2003) areperceptual primitives. Thefollowingis a
proposalinthatsense.
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Thevisual featuresinquestionare:

(1) Thepresenceofcompletevisual boundariesofaunit, and
(2) Theuniformityandconnectionoftheunit(Palmer&Rock,1994),alongwith
itsmaximality(Casati, 2002).

Thepresenceofholesiscorrelatedwiththesesimplerfeaturesinthefollowingway.
Ifamaximal uniformconnectedunitpossessesjustonecompletevisual boundary,
thenit hasnohole. If it possessesvovisual boundaries,thenit hasonehole.
Ingeneral,1 foranygivenvisual display:

(3) Formmaximaluniformconnectedfiguresandncompletevisualboundaries,
thenumberofholesis(n—m).

The further elementthat is thenneededis that the visual systemimplement
somewayof countingthefeaturesandcomparetheircardinalities. Givenwhatis
knownaboutthelimitsoftheabilitytosubitizesmallquantities, itisexpectedthat
thedifferencebetweenconfigurationswith,say,oneandtwoholeswillbeaccessible
tothesystem.Atthesametime,thedifferencebetweenconfigurationswithnineand
tenholes is expectednot be accessibldothe system.But surely these latter
configurations are topologically distinct fromthe viewpoint of mathematical
topology. Hencetestingtheabilityof  distinguishingbetweenconfigurations with
varyingnumbersofholescandecidebetweenaholisticandalessholisticaccountof
visual properties.

Furthermore, howfar cantopological generalizationgo? Letters| andJ are
topologicallyequivalentintheintendedsense;butsoare,presumably,|,L,KandH
(thelatterthree,forinstance,canallbe’‘shrunk’toanlwithout‘cuttingorgluing’).

Will dataconfirmasensitivitytotheseequivalences?Somemayexpectinsteadthat
somesortof parsingbycomponentswill predictthattheseshapesareresilientto
placementinasinglecategory:anHhasthreecomponents,anlhasonlyone.Here
againtheglobalistichypothesiscanbepittedagainstothertheoretical accounts.

Itmaybequestionedwhetherfeatures(1)and(2)arereallysimplerthantheglobal
featureof havingahole. After all, both(1) and(2) presupposethat theunity
(connection) of boththe boundaryandthe figure are accessedandassessing
connectionisanotoriouslydifficultcomputational  problem. However,ontheone
hand, thisisageneral problem, onethat affectsall theoriesthat aresupposedto
characterizetheentryunitsofthevisualsystem.Ontheotherhand,inordertoshow
that sensitivitytothefeatureof = possessingaholeis not sensitivitytoavisual
primitive, it is enoughtoshowthat theformer canbeexplainedinterms  of
sensitivitytootherfeatures,withoutanyfurthercommitmenttothehypothesisthat
thesefeaturesarethemselvesvisugbrimitives.

Toconclude,whatistheevidencethattopologicalorglobalfeaturessuchashaving
aholeareprimitivesof  thesystem, accordingtoChenet al. (2003)?Theclearly
delineatedcriterioninthepaperisthesizeofthecomputationalsystem:honeybees
havesmallbrains. Thecriterionisnovelrelativetothefourcriterialistedatthetop
ofthispaper. Thecriterionpredictsthatafeatureisprimitiveifitiscomputedby
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asmall systemHowever,forthereasonsgivenabove, thesysteminquestionmay
simplybenotsmall enoughtoprovideacogentanswer.

Note

[11 Thecriterionreflectstheonegivenforcavitiesin3-dbodiesin(Casati&Varzi, 1994).
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