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Abstract. As Talmy hasobserved, languagechematizes spacéanguage
provides a systematic framewot& describespace, byselectingcertain as-
pects of a referent sceméile neglecting theothers. Here, weconsider the
ways that space and the things in it are schematized in perceptiarogni
tion, aswell as inlanguage. Wepropose the SchematizationSimilarity
Conjecture: to the exterthat space is schematizesimilarly in language
and cognition, language will be successfulcmveying space. We look at
the evidence in both language gmetception literature teupport thisview.
Finally, weanalyzeschematizations ofoutes conveyed isketch maps or
directions, finding parallels in thieind of information omitted andretained
in both.

1 Introduction

Language can be effectivedonveying useful informatioabout unknowrthings. If
you are like many people, when yga to a newplace, you maypproach a stranger
to ask directions. If your addressee in fact knows how to get to where you want to go,
you are likely to receive cohereand accuratedirections(cf. Denis, 1994;Taylor and
Tversky, 1992a). Similarly, as any Hemingwagaderknows, language can beffec-
tive at relatinga simplescene ofpeople, objectsand landmarks. Inlaboratory set-
tings, narratives relatingcenedike theseare readilycomprehended. laddition, the
mentalrepresentationsf suchscenesare updated asew descriptiveinformation is
given (e.g., Glenberg, MeyerandLindem, 1987; Morrow, Bower andGreenspan,
1989). Finally,times to retrieve spatial information from mentatepresentations
induced bydescriptionsare in many casesindistinguishable from thosestablished
from actualexperiencgcf. Franklinand Tversky, 1990;Bryant, Tversky,andLanca,
1998). Contrast thesmiccessfulises oflanguagewith anotherone. You'vejust
returnedfrom alarge party of both acquaintanceandstrangers. Youry to describe
someone interesting whom you met tdriand becauseyou believe thefriend knows
this person's name. Sudescriptionsarenotoriously poor. Irfact, in some situa-
tions, describing a face ike surest way teeduce merory for it (Schoolerand Eng-
stler-Schooler, 1991). Why is it thetnguage iseffectivefor conveying some sorts
of spatial information but not others?
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The answermay lie inthe waythat language structurespace. In1983, Leonard
Talmy published an articlavith that title which hagippled through cognitivepsy-
chology andlinguistics like a stoneskipped on water. lit, he proposedthat lan-
guage "schematizes" spaselecting“certain aspects of geferentscene...whilelisre-
garding the remaining aspects."(p. 225). For example, a ternialikess" can apply
to a set of spatial configurations that do not depenexaict metric propertiessuch as
shape, sizeanddistance. Usef "across"depends orthe globalpropertiesand con-
figuration ofthe thingdoing thecrossingandthe thing crossed. Ideallythe thing
doing thecrossing is smaller than thteing beingcrossed,and it is crossing in a
straight path perpendicular to the length of the thing beingsed. Thus schematiza-
tion entails information reduction, encoding certigatures of a scenghile ignoring
others. Talmy's analysis of schematizatiocused orthe finestructure oflanguage,
in particular, closed-class terms, and less onmhberoscopidevel of sentencegara-
graphsanddiscoursethat usesa language'sarge set of open-clasdexical items as
elements. Closed-class grammatical fornetude "grammatical elementand catego-
ries, closed-clasgarticles and words, and the syntacticstructures ofphrases and
clauses." (p. 227). Despitheir syntacticstatus, theyexpress raanings, but only
limited ones,including spacetime, andperspectivejmportant to thecurrentissues,
and also attention, forceausation, knowledgstate,andreality status. Becausehey
appearacrosslanguagesthey areassumed to refledinguistic, hencecognitive, uni-
versals.

Not only language, butlso perceptionand conception, which Talmy hasollec-
tively called‘ception, schematize spaandthe things in it (Talmy, 1996). In the
following pages, we firsexamine howceptionschematizesThen, we go on to ex-
amine how the schematization of 'ception maps onto languBuere is nodisputing
that language is a powerful clue to ‘ception, that many of the distinctions important in
‘ceptionare made irflanguage, some iclosed-classerms, otherdn lexical items.
Yet, thereare notable exceptions. Asbservedearlier, peoplere poor atdescribing
faces, though excellent at recognizing them, a skill essential for social interaction. In
contrast, routes and scenes are more readily conveyed by languagetbedadtthat,
like faces, routes and scenes consist of elements and the spatial relationgtenuong
Here, wepropose a conjecturéhe Schematizatiosimilarity Conjecture: To the
extent thattanguageand ‘ception schematizeahings similarly, languagewill be suc-
cessful at communicating space.

To understandhow 'ceptionschematizespace isto understandhat perception is
not just bottom-updetermined bythe stimulus inputalone, but is inaddition top-
down, conditioned by what @&ready in thamind, momentarilyandlongterm. There-
fore, anygeneralizationdbased orschematizations afpacenecessarillead to over-
simplifications. One of these is ignoring context. It has long been clear, bamis-
times overlooked,that howpeopleperceiveof, conceiveof, and describe ascene is
deeply affected by avealth of nonindependerfiactors, including what thegre think-
ing, howthey construe thescene, thegoals athand, past experience and available
knowledge structures.

Despite the fact that language aoeption always occun a contextthereseem to
be levels ofschematizatiorthat hold overmany contexts. People do noeinvent



vocabulary angyntax ateveryencounter. Ithey did, communicatiorwould not be
possible. Schematization inanguageand in 'ception isalways acompromise; it
must bestable enouglfor the generalandthe venerableyet flexible enough for the
specific andthe new. In the following sections, we wikview the existingresearch
on how both 'ceptiorand language schematizgpaceand objects init, abstracting
certain features and ignoring others. Tit@giew of schematizatiomwill be schematic
itself. It will be an attempt to give the "bottom line," theneralaspects of objects
and space most critical to our understanding of them. eVidencecomes frommany
studiesusing different techniquesand measures, thas, different contexts. Some of
this evidence rests on languag®ire way oranother. Ideally, evidence basepurely
on perception could be separated from evidence resting on language in cselpartie
the schematization of perceptialone from thainfluenced bylanguage. Buthis is
probably not possible. Fane thing,using non-linguistiomeasures is nguarantee
that language is not implicitly invoked. With these caveats in mind, lgtacged to
characterizéhow the things in thevorld and the spatial relations among them are
schematized.

2 Figures, Objects, Faces

When we look at the world around ug don'tsee it as a pattern diuesandbright-
nesses. Rather, we perceive distfigures and objects. For humaerceiversthen,
space is decomposed into figures #relspatial relationamong themyiewedfrom a
particularperspective. Similarly, figurescan bedecomposednto their partsand the
spatial relations among them. Our experience of space, then, is not abstract, of empty
space, but rather of the identity and the relative locations of the things in space.

2.1 Figures

There are two major questions in recognition of the things in space. First, how do we
get from retinalstimulation todiscernment of figuresThis is theconcern of the
Figuressection. Next, how do we get from a view-dependent representationeiw-a
independentepresentationThis is theconcern ofthe Objectssection. One of the
earliestperceptual processes discerningfiguresfrom backgrounde. g., Hochberg,
1978; Rock, 1983).0Oncefigures are identified, they appearcloserandbrighter than
their backgrounds. Irtontrast to grounds, figurdéend to have closedcontours and
symmetry, so the Gestalt principlesfajurality, including continuity, commorfate,
good form, and proximity, all senas useful cues.Thus, theeyeandthe brain look
for contours and cue® figurality in pursuit of isolatingfigures from grounds. An-
other way toput this is thatfigures are schematized asontours thatare likely to
closed and likely to be symmetric.



Language for Figures. The distinctionsthat Talmyelucidatesbegin with figure
and ground. Talmy borrows thesderms from theiruse in perceptionand Gestalt
psychology described above. Juspesception focuses ofigures, sodoeslanguage,
according toTalmy. Hearguesthat languageselects oneportion of ascene, the
figure, as focal or primary, andescribes it imelation toanotherportion, theground,
and sometimes inaddition in relation to a third portion of thescene. Wesay, for
example, "the horse is by tharn" or"the horse isnearthe trough in front of the
barn.” The figure is conceived of gsometrically simpler than tlgground, oftenonly
as apoint. It isalso usually smaller, more salient, more movahit® more recent
than theground, which ismore permanentand earlier. Although the ground is
conceived of agyjeometrically morecomplex than thefigure, the ground, too, is
schematized, adndicated in English by prepositions, a&losed-classform.  For
example, "at"schematizeghe ground to apoint, "on" and "across" to a two-
dimensional surface, "into" and "through" to a three-dimensional volume.

A comparisorbetween'ceptionandlanguage of figureshows a number afimi-
larities and differences. Both divide the world into figures and ground, introducing
asymmetries nopresent inthe world perse. In ‘ception,figuresappearcloser and
brighter than grounds, becoming maaient. Inlanguage, figureare the primary
objectscurrently salient in attentioranddiscourse. Neverthelest)e objectthat is
figural in perception may not be figurallenguage. An examplomes fromunpub-
lished eye movement data collected by Griffin (Z. Griffi®98, personal commmica-
tion). In scanning a picture of a truck about to hit a nurse, viewers fixate more on the
truck, as the agent of the actiolvet, thenurse is thdigure in viewers'descriptions
of the scene.In addition,figures in'ceptionare conceived of ashapeswith closed
contoursandoften symmetric, yein language, thewre often reduced to goint in
space.

2.2 Objects

The human minddoesnot seem content witlsimply distinguishing figures from
grounds; it also identifies figures as particular objects. But obijests nany identi-
ties. What we typically sit on can be referred to deskchair, or a chair, or piece
of furniture. Despite thepossibilities, peopleare biased tadentify objects atwhat
has beencalled the “basic” level (e.g., Brown, 1958; Murphy and Smith, 1982;
Rosch, 1978). This ithe level of chairscrewdriver,apple,andsock ratherthan the
level of furniture,tool, fruit, andclothing, or thelevel of easy chairPhillips-head
screwdriver,deliciousapple,andanklet. This is the levedt which people seem to
have the most information, indexed by attriblis¢s, relative tothe number oflter-
native categories that must be kept in mind.

Many other cognitive operations also converge ab#sic level. It is the level at
which peoplearefastest tocategorizeinstances(Rosch, 1975), the level fastest to
identify (Murphy andSmith, 1982), the level peoplespontaneouslghoose to name,
the highest level of abstractidar which anoutline of overlappedshapesan berec-
ognized,the highest levelor which there is acommon set of behaviorgnd more
(Rosch, 1978; Rosch, &tvis, Gray,JohnsonandBoyes-Braem1976). Thebasic
level, then, has a specsthtus in perception, in behaviand inlanguage (Tversky,



1985; Tversky and Hemenway, 1984osch (1978) suggestétht the naturabreaks
in labelingare based irthe naturabreaks inobjects as weerceivethem given our
perceptual apparatus-eatures obbjectsarenot uniformly distributed across classes
of objects. Insteadeatures of objectare correlatedthat is, things thabavefeathers
and beaks also lay eggs and fly.

The natural level for identifying objects, then, is the basic level. Arrivingest-
independentepresentationsf objectsrequiresmore than the visuahput alone; it
also requires some more general knowlezlysut the objectsr question (eg., Marr,
1982). As for figures, contour and symmetharacterizgoarticularobjects, but with
greater specificity. Basic objects, such as couches and saeckberecognizedrom a
set of overlapping instances, standardized for size and view(Bosth, etal., 1976).
Shapes of different kindsf socks are quitsimilar, butquite differentfrom shapes of
other objectevenfrom the samecategory, suckas shirts oties. Furthermore, ob-
jectsaremost easilyrecognizedvhen theyare viewedfrom a canonicalorientation,
upright, and typically 3/4 view (Palmer, Rosch, and Chase, 1981). This view is one
that presents th@reatestnumber offeatures characteristic ahe object. Inmany
cases, thoseharacteristic featureare parts of the objec{Biederman,1987; Tversky
and Hemenway, 1984); the greater the number of object getestablethe easier the
identification of the object (Biedermah987). Partdave adual status in cognition.
On the one hand, theare perceptuallysalient as theyre rooted indiscontinuities of
object shapde. g., Biederman,1987; Hoffman and Richards,1984). On theother
hand, different parts havedifferent functionsand serve different purposes to humans
(Tversky and Hemenway,1984). Partsare atonce components oferception and
components of functioandfacilitate inferencesrom appearance tbehavior. Sym-
metry, too, isused toidentify specificobjects. Viewers interpretasymmetricnon-
sense figuregas upright,off-centerviews of symmetric objects (&Beath, Schiano,
and Tversky, 1997).Ception, thenschematizes specifiigures, that is, objects, as
shapes, composed of parts, and most likely upright and symmetric.

Language for Objects. Objects are typically named by open-class terms, thus not
considered by Talmy. Perhaps individual objects are not an inherent partstfutihie
ture of languagebecausehereare so mny of themand nany of thoseare context
specific. The place-holder for individual objects, nouns or subjsctef course,part
of language structure asevarious operations othem, such as pluralizingNever-
theless, there are clues to way objectareeived in the waythat names for objects
are extended.Shape seems to bepaimary basisfor categorization asvell as for
extension of object terms, in bothildren's "errors‘and adults' neologisms(Clark,
1973; Clarkand Clark, 1979;Bowerman,1978a, 1978b). There areold examples,
like "stars"and "hearts'that arenot really shapedike stars or hearts And there are
new examples, such as thedy typesloved by cardiologists--"pear-shaped"--atitat
disparaged bycardiologists--"apple-shaped,"--affectionatelglled sinply "pears" and
"apples."



2.3 Faces

Faces are a special kind of objecseveral ways.Recognition offaces ismost typi-
cally at the levebf the individual, not at the level of the class. For exampiaen
we talk aboutidentifying orrecognizing &ace, wemean recognizinghat a specific
face is the current president of the United States and not his brother. In coviiesst,
we talk about recognizing an object as a chair, we're usually not concernedhagé
chair orevenwhat type of chair. Of course, weeed toidentify some object®ther
than faces at the level of thredividual. Butidentifying my house orcar orjacket is
facilitated by featuresuch as locations or color or sizand such features may not
facilitate identifying specific facesFaces, inaddition,arenot integral objects in and
of themselves, they are parts of other objects, human or otherwise. Recofaueing
is dependent on internal features, not just an outline shape. This is wésefaees
not only in themoon, which has theproperoutline, but also ircars, which daot.
Furthermore, the features need to be in the proper configuration. Changmngtak
configuration leads to something that is ndaee,andevenalteringthe relative dis-
tancesamongproperly configured featuresliminishesresemblancesubstantially(cf.
Bruce, 1988). For identifying individuals, addition to configuratiorof features, the
shapes of componefgaturesare also important,and those shapeare not regular.
Similar to objects, 3/4 viewarebestrecognized in face. g., Hagen & Perkins,
1983; Shapiro & Penrod, 1986), perhdgezause 8/4 view givesbetter information
about important component featurssch as shapef nose, chinandforehead. Even
more than for objects, orientation is importanfanes; upsidelown faces are consid-
erably harder torecognizethan rightside up(e. g., Careyand Diamond,1987; Yin,
1969). Turning objectapsidedown seems to be mordisruptive to objectswith
irregularinternalfeaturessuch asfacesthan to objectswith horizontaland vertical
internalfeatureslike houses. Schematization ofndividual facesthen, isfar more
precise, entailing orientation as well as configuration and shapes of internal features.

Language for Faces. As noted earlier, faces are oftperceived athe level of the
individual. Similarly, they are referred to by open class terms,ishatames ofindi-
viduals. In contrast to naméar objects,when names oindividualsare extended, it
is typically personality traits opersonalhistory that isextendednot shape as for
objects, infact, notappearance aill (cf. Clark andClark, 1979). Identifying faces
requires'ception of subtle spatial relations among the partsg(e.Bruce, 1988).
Language, however, schematizgmtial relations ircrudercategoriessuch asabove,
below, front, back, near, far, between, and among. Finer distinctions caadeebut
in the technical language of measurement. In addition, estimates of dasimment
arefrequentlyunreliable (eg., Leibowitz, Guzy, Petersorand Blake, 1993). Thus,
the puzzle that languageddequate foconveyingroutesbut inadequatdor describing
faces issolved. Thespatial relations usuallpeededfor getting around arereadily
captured bylanguagebut the subtlespatial relationsieededfor identifying faces are
not readily schematized by language.



2.4 Summary of Figures, Objects, and Faces.

For detecting figures, contour (especially closed contour) and symareiynong the
diagnostic features. For objects which fégares identified athe basic levelspecific
contours orshapes thaare decomposablénto partsare characteristic,along with
orientation and symmetry. For faces whae parts of objectsdentified atthe level
of an individual, the internal configuration and shapes of features is criti@dition
to orientation and symmetry. Returning to language, note that figures and objects are
named byopen-clasgerms, asare grounds. Theseefer to classes ofthings, and,
interestingly, are sometimes extendedéfer to shapes (as ifipear-shaped”).Faces,
by contrast, are called by names tiediér to individualsnot classes, much likstreet
addresses, and that have no perceptual interpretation other than referéecimdivid-
ual. Names for objects and faces, though less schematizeddked-classerms, are
nevertheless schematized.t#ble is a tableegardless opoint of view, of color, of
material, of location, to a large extent of siz€his is not tosay thatpeoplecannot
or do notremember individuabbjects with theirspecificfeaturesand locations, but
that people generally think about and refer to objects more abstractly.

3 Spatial Relations

Thus far, we have discussed the elements in spradttheir schematizatiom ‘ception
and language. Knowledge and schematization of splaceentail thespatialrelations
among elements. In fact, vabservedhat entitiescan bedecomposedhto parts and
the spatial relationamong themandthat as entitiegre identified atmore specific
levels, the spatial relations among the parts beamare critical. Inthis section we
turn to the schematization of spatial relatioris. perceivinga scene, figureare not
just discerned and identified, they are also locatéiduresare not located in an abso-
lute way, but rather relative to other reference figamed/or a frame ofeference. We
note, for example, that we ldfte car bya particularstreetsign or that weburied the
family heirlooms in the middles ofarcle of trees.Locating figuresrelatively makes
sense ifonly becauseerception of ascene isnecessarilydependent on @articular
viewpoint, yet aview-independentepresentation of acene is desirable iorder to
recognize a scene abject from other viewpoints. Referenceobjects and reference
frames serve to schematifiee locations of figures.Memory for orientations and
locations of dots, linegyr figures isbiased towardeferenceobjects orframes(e. g.,
Howard, 1982; Huttenlocher, Hedges, and Dund&d1; Nelsorand Chaiklin, 1980;
Taylor, 1961; Tversky, 1981).

How are referencebjects and frames selected? Proximity, salience,and perma-
nence are influential factors (Tversky, 198%ersky, Taylor, andainwaring, 1997).
Domain, semantic, and pragmatic factors, suchuaentgoalsandrecent experience,
canalso affect choice. Referenceobjectsareother figures inthe samescene as the
target object whereas reference frames tend to surround thetheeset of figures, in
some way.



Natural bordersand axes oftenserve asreferenceframes, such as thsides of a
room, the sides of a piece of paper, the landthe sky.Horizontalandvertical lines
or planes are privileged as reference frames, whatheal or virtual, ag1 the sides of
a page or map at oddientations. Acuity ibetter for horizontahndvertical lines, as
is memory,andboth perceptionand merory are distortedowardthem (seeHoward,
1982 and Tversky, 1992 foeviews). Horizontaand verticallines arerelatively easy
for children to copy, but diagonal lines cause difficulties and are di@merd horizon-
tal and vertical (Ibbotson and Bryant, 1976)he human bodyespeciallyone'sown,
also serves as a natural reference objEbe projections of th@atural horizontal and
vertical axes of the body, head/feet, front/back, and left/ragbt aprivileged reference
frame, with certain of the axes maecessible than others, dependingbodyposture
and viewpoint (e. g., Bryant, Franklamd Tversky, 1992Bryant, TverskyandLanca,
1998; Franklin and Tversky, 1990). Regiagdined by theaxesalso vary depending
on viewpoint; for example, for self, front is larger than bawidboth arelargerthan
left, and right, but not for other.(Franklin, Henkel and Zangas, 1995).

3.1 Schematization and Language of Spatial Relations.

Spatial relations, then, are schematized towefetenceobjectsand frames,especially
horizontal and vertical planesSpatial relationsrefrequentlybut not alwaysreferred
to by closed-classerms, prepositions, such as "at," "oafd"in," or "in front of,"
"on top of," "across,""near," "between,'and "parallel to." The schematization of
closed-class elements is topological, accortingalmy. It abstractsawaythe netric
properties of shape, size, angiaddistancedistinctions thatare normally expressed
in lexical elements. Talmy's analyses have maended byothers,especially in the
direction of examining the topological constraintglerlying prepositions, thag, the
expression of spatial relations between a figure agiand(e. g., Herskovits,1986,
Lakoff, 1986; Landau andlackendoff,1993; Vandeloise,1986). Someanguages,
however, don't have prepositions. Even in English, which does, open class terms also
describe spatial relations, as in "support,” "hold," "lean," or "approach."

The scenealone doesnot determinehow it is schematized tospatial relations,
though it is ofterpresupposethat the perceptualarray is primary (e.g., Carlson-
Radvansky and Irwin, 1993; Logan and Sadler, 19BByward andTlarr, 1995). The
speaker's perspective, inteahdgoals, as welhs culturalpractices,aresome of the
influences on schematization. The interpretatibthe scenén light of currentgoals
and cultural practiceareamong theinfluences onselection of spatial relatioterms.
As Talmy (1983) noted, we can go "through™across" a park, anget "in" or "into"
a car. Appropriateness wordslike "near" or "approachtiepend orthe nature of the
figure andthe ground (Morrowand Clark, 1988). What's moregbstractuses of
prepositions depend entirely on functional, spatial relations, as in "owelfare" or
"in a bad mood" (Garrod and Simon, 1989). Even spatial uses have a funistisizal
One can say "the pear istime bowl" where thexpression iventhough infact the
pear is outside the bowl on top of a pile of fruit. This is because the pear's location is
controlled by the location of the bowl (Garrod and Simon, 1989). Althoughutle



ties of schematization of spatial relations in both language and percaggtimilar,

the open-class terms that arged to refer tdigures preserve famore detailedspatial
information than the termased to refer tcspatial relations. Moreover, although
memory for spatial locatioand orientation isbiased towardeferenceramesand ob-
jects, it does notoincidewith them. Theschematization ofhe language ofpatial

relations may be in the sand@ections aghe schematizatiowf ‘ception of spatial
relations, but it is far more extreme.

4 Motion

Figures in space are not necessarily static,an@viewers. Perceivingnd conceiving
of motion are neededrom the beginning of lifeand, in fact, motion in concert is
another clue to figurality (e. g., Spelke, Breinlinger, Macombed,Jacobson, 1992).
Perceiving motion accurately isnot a simple matter. For examplgenerations of
paintings ofhorses gallopindnaveportrayedtheir legs inimpossibleconfigurations.
Whenmotion isrelatively simple, as inthe path of gpendulum ora falling object,
people are able to recognize corraantlincorrectpaths ofmotion. Yet, somepeople
correctly recognizing paths afiotion mayneverthelesproduceincorrectpaths,indi-
cating flawed conceptions ofmotion (Kaiser, Proffitt, Whelan, and Hecht, 1992).
Although motion is continuous, people seem to conceive of $egsences afiatural
chunks (Hegarty, 1992). And although motion is continuous, people tecmhteive
of it hierarchically (e. g., Newtson, Hairfield, Bloomingdale, &utino, 1987;Zacks
and Tversky, 1997)As for objects,thereseems to be preferred orbasic level, the
level of going to a movie (Morriand Murphy, 1990; Rifkin,1985). Althoughmore
can be saigbout actionandevents, wdocushere onschematization omotion in
‘ception and language.

4.1 Schematization of Motion.

Many aspects ofnotion, such asfrequency anatausality,are carried by closed-class
terms (Talmy, 1975, 1983, 1985, 1988), yet other aspects of motion are referred to by
open-clasgerms, particularly verbs. Verbs varynotoriously within and acrosslan-
guages as to whdeaturesthey code (e. g., Gentner,1981; Huttenlocherand Lui,
1981; Talmy, 1975, 1985, 1988)-or example, somanguagedike English regu-
larly encode manner of motion in verbs, as in "swagger," "slink," "slate"sway,"
others primarilyencodepath in verbs, asn "enter," "exit," and "ascend"(Talmy,
1985). Choice ofrerb is open taonstrual. The samgerceptuakequencesuch as
leaving a room may bedescribed inmany different ways (Gentner1981), such as
"went," "raced," "stumbled," "cried,"got chased,"'got pushed," or'escapedout the
door. Although activities, like objectsre conceived offierarchically,descriptors of
activities are not necessarilyorganizedhierarchically. Huttenlocheand Lui (1981)
have argued that verbs, in contrast to the nasesl to refer tmbjects,are organized
more as matrices than as hierarchies.



Like figures, motion can be schematizedratious levels of specificity.The sim-
plest way of thinking about motion ke path of arentire figure,a point moving in
space. Like objects, patlase perceived inerms offrames ofreference andistorted
towardthem. Just as locating objects, irperceivingpaths ofmotion, horizontal
andvertical coordinateften serve as aeferenceframe (e. g., Pani, William, and
Shippey, 1995; Shiffrar and Shepard, 1994)more complexevel of schematization
than a path ofnotion is apattern of partsnoving in relation to one anotherThis
level is analogous to schematizing an object as a configuration of parts. Itésdhe
of understanding of pulleys (Hegarty, 1992) or gears (SchwadBlack, 1996) or of
distinguishing walking frontunning, whichpeoplereadily dofrom patch-lightdis-
plays (e. g., Cutting, Proffitt, and Kozlowski, 1978; Johansson, 1975). arigter
level of schematization is manner mbtion, asin distinguishingmodes ofwalking,
such as swaggering or slinking.

5 Route Directions and Maps

The simplest schematization of motion to a path or routeddily encoded inlan-
guage (e. g., Denis, 1994; Levelt, 1982; Liratel Labov, 1975; Klein, 1982Perrig
and Kintsch, 1985Talmy, 1975;Taylor and Tversky, 1992a, 1992K,996; Winder-
lich and Reinhelt, 1982). Routase schematized as point changingdirectionalong
a line or a planegpr as anetwork ofnodesandlinks. Though by no meanigientical
with perceptual or conceptual schematization, route maps cesgdreed aschemati-
zations that are closer to externalizations of perceptions than descriptions. Depictions
of routes use spatial relations @aper to represerspatial relations in thevorld.
Moreover,they can use iconicrepresentationsf entities in theworld to represent
those entities. Routes, theoan beexternally represented adescriptions ordepic-
tions. Like routedirections, routenapsarecommonlyused toconvey how to get
from A to B. Which is betteseems to depend on tBpecifics ofthe navigation task
(e. g., Streeter,Vitello, and Wonsiewicz,1985; Taylor, Naylor,and Chechile, in
press; Taylor andversky, 1992a). Both routdirectionsandroute maps, thenseem
adequate to convey information sufficient for arrivatga destination. Weere inter-
ested in whether descriptions and depictions of routes schematize them similarly.

To get atthis question, weapproachedstudents outsida campusresidence and
asked them if they knew how to get to a popuolficampusfast-foodrestaurant. If
they did, we handedthem apiece ofpaper,and askedhem toeither write down the
directions or sketch a map. Wbtained aotal of 29 mapsand 21directions. Sam-
ple descriptionsappear inTable 1and sample maps in Figures 1. Note thaute
maps differfrom other kinds of sketchnaps in that they contain only the paths and
landmarks relevant to the specifaute. Following Denis (1994), wébroke down the
depictionsand descriptionsinto segments consisting débur elementseach: start
point, reorientation(direction), path/progressionand endpoint. As the paths are
continuous, the start point for one segmserved aghe start poinffor the next. In
this situation, the segments corresponded to changtiseafion (action) inthe route.
It would be possible thhavesegmentseparatedyy, say, major intersections oland-



marks without changes direction,but this did not happen inthis corpus. Because
the sketch maps, unlilggreet maps;ontainedvery little information about thenvi-
ronment not directly related the path, it was nadifficult to segmenthe maps. As
defined, eaclsegment containsufficientinformation to go frormode tonode. To-
gether, these segments contain the information essenteddbthe destination. Two
coderscodedthe mapsand descriptions forthesecategories ofinformation and for
categories of supplementairyformation. They firstcoded asubset of the protocols,
and after reaching agreement on those, coded the rest separately.

Table 1. Examples of Route Directions

DW 9

From Roble parking lot

R onto Santa Theresa

L onto Lagunita (the first stop sign)
L onto Mayfield

L onto Campus drive East

R onto Bowdoin

L onto Stanford Ave.

R onto ElI Camino

go down few miles. it's on the right.

BD 10

Go down street toward main campus (where most of the buildings are as
opposed to where the fields are) make a right on the first real street
(not an entrance to a dorm or anything else). Then make a left on the
2nd street you come to. There should be some buildings on your right
(Flo Mo) and a parking lot on your left. The street will make a sharp
right. Stay on it. that puts you on Mayfield road. The first

intersection after the turn will be at Campus drive. Turn left and stay

on campus drive until you come to Galvez Street. Turn Right. go down
until you get to EI Camino. Turn right (south) and Taco Bell is a

few miles down on the right.

BD 3

Go out St. Theresa

turn Rt.

Follow Campus Dr. way around to Galvez
turn left on Galvez.

turn right on El camino.

Go till you see Taco Bell on your Right




st

Figure 1. Examples of Route Maps



5.1 Essential Information in Descriptions and Depictions.

Not all of the informatiorincluded inboth mapsanddirectionsfit into the essential
four categories. In fac§1% of the peoplgiving directionsand 90% ofthe people
sketching maps added some information in addition to the start and end sainés-
tation and path/progression. Thadditional information for mapsincluded cardinal
directions, arrows, distances, and extra landmarksat same kinaf information was
added todirections. In addition,somedirectionsalso contained detaitlescribing the
landmarksandpaths. This information, while not essential, may be important for
keeping thetraveler confidently ortrack. It anticipatesthat travelers maybecome
uneasy whetthere is a relatively long distancewithout a change oforientation or
distinguishingfeature orwhen theres uncertaintyabout the identity of dandmark.
The descriptions obtained by Denis (1994) and by Gryl (1995) had the same character.

5.2 Schematizing in Descriptions and Depictions.

Not only didthe same criticaind supplementarynformation constitute the majority
of content inroute descriptionsanddepictionsbut also that information wasepre-
sented in parallel ways-or both,start pointsand endpoints were landmarks paths,
buildings, fields, intersections, and the lik€or mapsthese were often presented as
icons, typically schematized asough georstric shapes,and often named,such as
street or buildinghames. Reorientations or tumere also schematized. Imaps,
they were typically portrayed as lines that were more or less perpendicular. halfout
the participantsisedarrows toexplicitly indicatedirection. Nearly half used double
lines to indicate paths, though single lines predominated. Eneratleast twoways
to interpret theuse ofdoublelines to indicate streets. Thedouble lines could be
iconic, as streethavewidth. Alternatively, theycould indicate gerspective on the
scene, conceiving of paths as plarseher tharines. Indirections,there was dim-
ited vocabularyand alimited structurewith slots for actions(verbs), directions, and
paths. The common actions were the verbs "tdtake a," "make d&and "go." The
verb was omitted in some descriptions, especially thosenératsimply a list of the
form: left on X, right on Y. Thus, in both mapsddirections,changes obrienta-
tion were schematized as turnsusfspecifiedangles. In maps, theyere depicted as
approximate right angles irrespective of their actual angle. Memory for intersections is
also biased toward right angles ¢e, Byrne, 1979; Moar and Bower, 1983; Tversky,
1981). Progressions, too, were schematized. In mapsagipearecither asstraight
lines oras slightly curvedones, leaving out much of thietail in the real environ-
ment. The distinctiometweenstraightand curvedhaths was alsmade inlanguage.
By far, thetwo mostfrequentverbs forexpressing progressiomgre "go" and "“fol-
low," and theywere usedlifferentially for straightand curvedhaths. "Go" wasused
17 timesfor straight pathsandonly twice for curved (Chi-square =9.0, p <.005),



whereas'follow" was usedonly 5 timesfor straight pathsout 20 timesfor curved
ones(Chi-square=11.8, g.001). Thusalthough theactualpaths and intersections
hadmany forms, a singleategory ofintersectionand two categories ofpath shape
sufficed in schematization, whether verbal or pictorial.

5.3 Sufficiency in Descriptions and Depictions.

We foundthat bothdescriptionsand depictionsconsist of thesame criticaland sup-
plementary information schematizedsimilar ways. Was the informaticufficient
for conveying theoute? Thatis, did eachsegment contain all the essentampo-
nents: start and end points, patinddirection?For maps, the@nswerwas a rousing
yes. All of the maps contained all tife essential informationFor descriptions, in
contrast, the initial answer wa®, much informatiorwas mssing. Infact, 75% of
the descriptions were missing a start oead point and 45%f the descriptionswere
missing path/progressiorinformation. However, nany comnunications contain
missing information thatcan beinferredfrom context ormedium (e.g., Clark and
Clark, 1977). In thease ofroute directionsiwo simple rules ofinferenceallow
recovery of most ofhe missinginformation. The first iscontinuity. According to
continuity, if a start point is omitted, it is assumed to be the same as the previous end
point, or conversely, if aendpoint is missing,it is assumed to bthe same as the
subsequent start pointn fact, for depictionswherecontinuity is inherent inmaps,
start and end points are not well-definedd@tinguishable. Theecond inference rule
is forward progression According toforward progression, thelirection of motion is
assumed to be forward. The first protocol in Table 1 lacks any end points, yet they can
be easilyinferredfrom the subsequenaction. This protocol has only one explicit
mention of forward progression, at the end (tgpovn fewmiles"); rather, theforward
progression is implicit. After applying these two rules of inference, 86% ofditbe
tions were sufficient. In three of the descriptions,dltection of aturn was nissing
and could not be recovered.

Although mapsanddirections schematizeutes in simar ways, mapsare more
complete thardirections, whichneed to besupplemented ith inferencerules. An-
other way to put it is that directioase more schematized than maps. Tdifference,
we believe, is inherent in the graphic medium, in the mappingabfspace taepre-
senting space. Pathsngal space are continuoasd forwardmoving givenparticular
start and end points; they are portrayed as such in representing space. Even though the
mapping from real space tepresenting spaése schematiaatherthan strictly iconic,
it pragmatically presupposéise two inferencerules, continuityand forwardprogres-
sion. The naturalness ofthe mapping ofspace to space is further evident in the
greatervariability of verbal expressionghan pictorial expressions for the foale-
ments.



6 Schematization of Space in Language and Cognition.

Clearly, there are parallels in theway thatcognition and language schematize the
spatialworld. Language is revealing ithis enterprise,not just closed-clasderms,
but open-class terms as wetkraphic communications, sues route mapsarealso
schematizedagainwith similarities tolanguageand cognition. But bothlanguage
and cognition are rich, and are able to expeeskencodenore or lessschematically,
depending on the situation and how it is construed.

Figures, spatial relations among them, and paths between them seestherbae-
tized similarly in language and cognitiohanguage serves well toonveyroutes and
environments, provided the routes and environments are well-knogn (Eaylor and
Tversky, 1992a, 1992b, 1996). In contrdahguageseems to bé&adequate at con-
veying faces, voices, and emotions. We can only speculate on the answer. Itis likely
that languages develop small groups opeople who knoweachotherandwho use
language in direct social encounters. Famebvoicesare present inthosesituations
so they convey themselves--aachotions--directlythey donot have to beconveyed
in words. They are taggedvith propernamesknown to the community so that, if
neededthey can be gossipedbout in theirabsence. Propernames, in contrast to
categorynamesand closed-clasgerms, do notconvey anyspatial information in
themselves. Like addressesGPScoordinatesthey point toindividuals orlocations
without giving any other information about themoutes are describdxy terms with
more general spatial meanings. Unlikeesandvoices, they may not bgresent in
the socialencounters irwhich they arediscussed. Mny cannoeven beviewed in
entirety from a singlevantagepoint, much less theurrentone. What's morandi-
viduals often set out alone to forage or hgntthat developing way® communicate
route directions is useful in communal living. For faces, voices, and routes, then, the
SchematizatiorSimilarity Conjecture--that languageill be successful icommuni-
cation to theextent thalanguageand'ceptionschematize similarly--receivesipport,
along with a speculative explanation.

At the outset webservedhat perceptioninevitably affectslanguage, that deast
in part, peopledevelopvocabulariesandsyntax tocommunicateabout things in the
world as they perceiviliem, andas theyneed totalk about them. It i®quallyclear
that language influences perceptidranguage callsattention toparticularthings and
statesand qualitiesanddistinctions in theworld and ignores others. Over repeated
experiencethe selectiveattention encouraged byanguage can becontebitual, so
that it seems as if language is no longer invohNdmdoubtedly habitual attention to
certainthings, statesqualities, and distinctions inspace affectthe way space is
schematized, further intertwining the schematization of language and cognition.
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