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ABSTRACT

This articleproposes anewdenotationalmathematics entity, i.e., the eyemovementpre-algebra
(EMpA),whichmaybeconsideredasapre-algebraicstructureinacertainsensegenerating,according
touniversalalgebra,Husserlianphenomenologicaltheoryandstructuralism,anotherbasicalgebraic
structureofdenotationalmathematics,saidtobevisualsemanticalgebra(VSA).
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1. INTRoDUCTIoN

Basically,humanvisualfunction,thechiefoneamongthephysiologicalfunctionsofhumanperception,
hasfourmainabilities:fixingeyesuponanobject;pursuingamovingobject;respondingtoastimulus
whichappearsintheexternalneighbourhoodofvisualfield,throughamovementofeyestowardthe
directionalongwhichsuchastimulusmanifests;exploringvisuallyenvironmentalspaceinsearching
ofobjectsandtheirdetails.Thesebasicfourskillsspringoutfromthegeneralcognitivecapability
ofvisual-spatialattention(VSAt),oneofthemostimportantcognitivefunctionofhumanpsyche.
NeurophysiologyhasshowedthatVSAtalwaysprecedesanynexteyemovement,thatistosay,the
formerimplicitlyguidesanddirectsthelatterinitsexplicitactionoforientation,predisposingthe
relatedvisual field, so influencingandconditioningmanyotherhighercognitive functions (like
memory,voluntaryjudgement,etc.)(Facoetti,2004).

Human eye movements are classified into two main types, namely, fixations and saccades,
respectivelywheneyesstopinacertainposition,andwhentheysuddenlyandfastlymovetowards
anotherposition.Theresultingsequenceoffixationsandsaccades,iscalledascanpath.Asmooth
pursuit refers instead to eyes slowly followinganobject inmovement.The set of fixational eye
movements includes the so-calledmicrosaccades,whicharenothingbut small, involuntary (i.e.,
unconscious)saccadesthatoccurduringattemptedfixationofanobject.Frommuchtime,ithas
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beendeemedthatmostinformationbyeyescomemainlyfromfixationsorsmoothpursuits,butnot
bysaccades.Instead,recentneurophysiologyresearchhasshownwhatprimaryroleplaysaccades,
includedmicrosaccades,forthegeneralvisualperception(Martinez-Condeetal.2006).

Inanycase, theclassofeyemovementscomprehendsthefollowingones:saccades,smooth
pursuitmovements,vergencemovements,andvestibulo-ocularmovements,whichwillbebriefly
described,intheirphysiologicalessence,inthenextsection.Now,fromamathematicalviewpoint,
inthisnote,justwewouldliketoconsiderapossiblemathematicalstructureofuniversalalgebra,
thatweshallcalleyemovementpre-algebra(inshort,EMpA),formalizingtheseeyemovements,in
suchawaytobecloselyrelatedtoanotherformalstructurebelongingtoYingxuWang’sdenotational
mathematicsframework,calledvisualsemanticalgebra(inshort,VSA),throughasuitableconceptual
bridgecastedbyHusserlianphenomenology.

2. TyPES oF EyE MoVEMENTS AND THEIR FUNCTIoNS: A BRIEF SURVEy

Humanbeingsareepi-ontogeneticallyprepared,sincetheirchildbirth,todevelopeyemovements,
inparticularsaccades.Tobemoreprecise,therearefourbasictypesofhumaneyemovements,i.e.,
saccades,smoothpursuitmovements,vergencemovements,andvestibulo-ocularmovements.The
functionsofeachtypeofeyemovementarebrieflyintroducedherein,closelyfollowing(Harris&
Butterworth,2004;Purvesetal.,2001).

Saccades(inshort,S)arerapid,ballisticmovementsoftheeyesthatabruptlychangethepoint
offixation.Theyrangeinamplitudefromthesmallmovements,madewhilereadingforexample,
tomuchlargermovements,madewhilegazingaroundaroomforexample.Saccadescanbeelicited
voluntarily,buttheyalsooccurreflexivelywhenevertheeyesareopen,evenwhenarefixedona
target.Forinstance,therapideyemovementsthatoccurduringanimportantphaseofsleeparealso
saccades.Aftertheonsetofatargetforasaccade(as,forexample,thestimulusinthecaseofthe
movementofanalreadyfixatedtarget),ittakesabout200msforeyemovementtobegin.Duringthis
delay,thepositionofthetargetwithrespecttothefoveaiscomputed(thatis,howfartheeyehasto
move),andthedifferencebetweentheinitialandintendedposition,or“motorerror”,isconverted
intoamotorcommandthatactivatestheextraocularmusclestomovetheeyesthecorrectdistance
intheappropriatedirection.

Saccadiceyemovementsaresaidtobe“ballistic”becausethesaccade-generatingsystemcannot
respondtosubsequentchangesinthepositionofthetargetduringthecourseoftheeyemovement.
Ifthetargetmovesagainduringthistime(whichhastheorderofabout15-100ms),thesaccade
willmissthetarget,andasecondsaccademustbemadetocorrecttheerror.Saccadescanalsobe
voluntary,butaremainlymadeunconsciously.

Smoothpursuitmovements(inshort,SPM)aremuchslowertrackingmovementsoftheeyes
designedtokeepamovingstimulusonthefovea.Suchmovementsareundervoluntarycontrolin
the sense that theobserver canchoosewhetherornot to trackamoving stimulus.Surprisingly,
however,onlyhighlytrainedobserverscanmakeasmoothpursuitmovementintheabsenceofa
movingtarget.Mostpeoplewhotrytomovetheireyesinasmoothfashionwithoutamovingtarget
simplymakeasaccade.

Thesmoothpursuitsystemcanbetestedbyplacingasubjectinsidearotatingcylinderwith
verticalstripes.Inpractice,thesubjectismoreoftenseatedinfrontofascreenonwhichaseriesof
horizontallymovingverticalbarsispresentedtoconductthis“optokinetictest”.Theeyesautomatically
followastripeuntiltheyreachtheendoftheirexcursion.Thereisthenaquicksaccadeinthedirection
oppositetothemovement,followedonceagainbysmoothpursuitofastripe.Thisalternatingslow
andfastmovementoftheeyesinresponsetosuchstimuliiscalledoptokinetic nystagmus.Optokinetic
nystagmusisanormalreflexiveresponseoftheeyesinresponsetolarge-scalemovementsofthe
visualsceneandshouldnotbeconfusedwiththepathological nystagmusthatcanresultfromcertain
kindsofbraininjury(forexample,damagetothevestibularsystemorthecerebellum).
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